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SANITATION DISTRICTS OF LOS ANGELES COUNTY

N 4 STEPHEN R. MAGUIN

Chief Engineer and General Manager

Memorandum

Date: August 23, 2010

To: Ray Tremblay
Assistant Department Head
Technical Services

Through: Mike Sullivan
Section Head
Monitoring Section

From: Andrew Hall
Project Engineer
Monitoring Section

Subject: Recycled Water Supply for GRIP — August 2010 Update

The Groundwater Reliability Improvement Program (GRIP) was initially divided into two phases, with the
size of Phase | based on available flow as of April 2008 and the size of Phase Il based on the need for the Water
Replenishment District (WRD), San Gabriel Valley Municipal Water District (SGVMWD), and the Upper San
Gabriel Valley Municipal Water District (USVMWD) to displace 21,000 acre-feet per year (AFY) and 25,000 AFY
of imported water in the Central (WRD) and Main (USGVMWD and SGVMWD) Basins, respectively. The
capacity of Phase Il also coincided with the reasonable diversions from facilities and pipelines upstream of the San
Jose Creek Water Reclamation Plant (SJCWRP). However, since the feasibility of GRIP was first analyzed in
April 2008, the flow within the Joint Outfall System has decreased due to increasing water conservation efforts,
statewide drought conditions, and the economic recession. Additionally, previous analyses of recycled water flow
tributary to the SICWRP did not account for variations in reclaimable flow bypassing the treatment plant. As a

result, the analysis of recycled water available for GRIP needs to be updated.

Since April 2008, flows bypassing the SJICWRP have been measured multiple times (November 5 through
December 1, 2008; September 28 through October 5, 2009; January 5 through February 1, 2010; and April 26
through August 8, 2010). Figure 1 shows the average SICWRP influent flow and average tributary flow (influent
flow plus bypass flow) to the SICWRP over the periods when flow bypass was measured for 2008, 2009, and 2010.
While influent flows to the SICWRP have decreased since 2008, the total flow tributary to the SICWRP appears to
have actually increased. The average tributary flow to the SJICWRP has remained fairly steady, ranging from
92,900 to 95,200 AFY (83 to 85 MGD). As a worst-case scenario for the GRIP Project, it is recommended that an
average SJCWREP tributary flow of 89,600 AFY (80 MGD) and SJICWRP production of 81,200 AFY (72 MGD) be
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Ray Tremblay 2 August 23, 2010

used, which is the lower bound of the error bars shown in Figure 1. Subsequent flow calculations assume that flow
bypassing the SICWRP is 89,600 AFY minus the plant influent flow.

Table 1 shows the SICWRP flows and demands based on the lower bound estimates for SICWRP flows,
current contractual obligations, and anticipated GRIP demands. Options for increasing SICWRP flows are

presented below. Costs and water gained by implementing these options can be found in Table 2.

Allow the Pico Rivera contract to expire.
Recycle GRIP Phase | membrane filter backwash to plant influent.

Bring Miller Brewing Company discharge into SJCWRP.

e

Implement flow equalization (FE) at the SJICWRP that would have been constructed at GRIP regardless

of the site selected and treat additional flow that is currently being bypassed.

5. Reroute SICWRP media filter backwash to head of the SICWRP.

6a. Increase tributary flow to the SJCWRP by diverting available flows from WN WRP drainage area.

6b. Gravity diversion from Tyler Avenue Trunk Sewer and Tyler Relief and FE to accommodate flows at
the SICWRP. These flows are a portion of the flows that would be diverted in Option 6a. Therefore,
this cannot be implemented if Option 6a is implemented.

7. Divert reclaimable flow from the Pomona WRP drainage area to the SJCWRP.

8. Recycle GRIP Phase Il membrane filter backwash to plant influent.

Implementing Options 1 through 5 will provide sufficient water to meet GRIP Phase | demands and
contractual obligations with a 5,300 AFY margin of safety, which could be used to upsize GRIP Phase I, at a cost
of $100,000. Implementing all options except 6b will provide sufficient water to meet GRIP Phase Il demands and
contractual obligations with a 2,100 AFY margin of safety at a total cost of $78 million. While this analysis utilizes
a conservative estimate for SICWRP influent and bypass flows, it should be noted that improvements in AWTP
recoveries would also provide an additional margin of safety should flows decrease significantly in the future.
Additionally, it should be noted that implementation of the options mentioned above for GRIP Phase Il would
require a 20 MGD expansion of the SICWRP.

Attachments

Figure 1 - Average Influent and Tributary Flows for the SICWRP for 2008 to 2010
Table 1 - SICWRP Flows and Demands

Table 2 - Water Gained and Total Costs of Options for Increasing SICWRP flows
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Figure 1. Average Influent and Tributary Flows for the SICWRP for 2008 to 2010
Error Bars Represent Standard Deviations

*Average flow over periods when bypass flow was measured, (i.e., November 5 through December 1, 2008; September 28 through

October 5, 2009; January 5 through February 1, 2010; and April 26 through August 8, 2010)




Table 1. SICWRP Flows and Demands

Flows
(AFY)
SJCWRP Production 81,200
SJCWRP Contractual Obligations 76,600
Additional Water Needed to Meet
GRIP Phase | Demands® + Contractual 11,900
Obligations
Incremental Additional Water Needed
to Meet GRIP Phase Il Demands® + 37,000
Contractual Obligations
Total Additional Water Needed 48,900
1. GRIP Phase | will need 24,000 AFY of tertiary treated water, of which 10,000 AFY is already contracted to
USGVMWD/SGVMWD.

2. GRIP Phase Il is an expansion requiring a total of 61,000 AFY of tertiary treated water.

Table 2. Water Gained and Total Costs of Options for Increasing the SICWRP flows

Water Gained

Option (AFY) Total Cost
1 400 $0
2 1,200 $0
3 1,400 $0
4 8,400 NA!
5 3,300 $ 100,000
6a 27,600 $ 76,000,000
6b 4,400 $ 13,700,000°
7 4,400 $ 1,500,000
8 1,800 $0

1. Costs for implementing flow equalization for this option are already included in the GRIP project estimate.
2. Cost includes 1 MG of flow equalization that would be necessary to implement this option

DOCH# 1653064
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SANITATION DISTRICTS OF LOS ANGELES COUNTY
STEPHEN R. MAGUIN

Chief Engineer and General Manager

Memorandum

Date: August 9, 2010

To: Anthony Mahinda

Through: Mark McDamel%%

From: Andre Schmidt ﬂd

Subject: San Jose Creek WRP Process Air Compressor Efficiency Study Rl
Summary

A study was performed to evaluate the potential energy savings of replacing the process air compressors
(PACs) at San Jose Creek WRP. The study included power monitoring of all eight existing PACs, analysis of plant
data, determination of the energy usage of new compressors, and gathering of equipment cost estimates.

Results of the analysis are shown in Table 1. With an estimated equipment cost of $4.8 million, an annual
energy savings of $1.0 million can be achieved. Excluding design and construction costs, and including the energy
efficiency rebate incentive from Southern California Edison, the project has a simple payback period of less than
four years.

Table 1: San Jose Creek WRP PAC Replacement Payback Period

Number | Number of Annual SCE Equipment
Turblex | of Duty | Standby Power Rebate |Payback Period
Area of Plant | Models | Units Units | Total Price Savings | Incentive (Years)
SJIC WRP East |KA66 &
& West PACs | KA8O 4 1| $4,755,000 | $1,003,289 | $834,009 39

Background and Objectives

The PACs at San Jose Creek WRP consume 62 percent of the total plant power at a cost of $3.6 million per
year. There are three sets of PACs that were installed at different stages of plant development (see Table 2). These
compressors range in age from 18 years to 39 years. At the request of Wastewater Management, Energy Recovery
Engineering conducted an energy efficiency study for the PACs. The objectives of the study were:

e Accurately monitor the power usage of the existing PACs
o Compare this energy usage to new high efficiency compressors
o Determine the potential financial savings associated with new equipment

Table 2: San Jose Creek WRP Existing Process Air Compressor Data

Number of Horsepower | Capacity Each Age
Area of Plant PACs Duty Standby Each {scfm) (Years)
[East Stage One 3 2 1 1750 44,000 39
[East Stage Two 2 2 0 900 20,000 28
West 3 2 1750 44,000 18
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The PACs are high voltage equipment (4160 V) and therefore require specialized equipment for power
monitoring. Southern California Edison (SCE) provided equipment and personnel to monitor the power of all eight
compressors at no charge to the Districts. At the direction of SCE personnel, Districts staff connected the power
monitoring equipment to the PAC electrical panels on December 17, 2009. Power was monitored on all eight
compressors at 15-minute intervals for almost three months. The monitoring equipment was removed on February
11, 2010.

PAC Performance Data

Plant performance data for the same period of time was collected including plant flows, PAC airflow rate,
and PAC discharge pressure. The data was compiled into average diurnal profiles for the entire three month test
period. The diurnal profiles for power and airflow are compared in Figure 1 for each of the three sets of PACs.
Power usage vs. airflow is plotted in Figure 2. The ratio of airflow to power is an energy efficiency metric that
enables a direct comparison of the efficiency of each set of PACs. The diurnal profiles for airflow per kW are
presented in Figure 3. Airflow per kW vs. influent flow is plotted in Figure 4.

Even though the West compressors are the newest of the three sets of PACs, they had the lowest average
efficiency rate (see Figure 3). The West compressors actually have relatively good efficiencies of 34 to 37 icfm per
kW between 5:00 a.m. and 10:00 a.m. when airflow is about ten percent less then peak airflow. But during the
afternoon and early evening when airflow peaks at around 35,000 icfm, the efficiency rate drops to about 27 to 28
icfm per kW. This effect is also displayed in Figure 2, where the power usage of the SIC West compressors
increases significantly when airflow increases just slightly. This increase is much more dramatic than the increase
for the Stage 1 and Stage 2 compressors. At SJC West, it appears that the peak airflow demand is beyond the
optimal range for one compressor operation (only one West PAC runs at a time). A compressor with slightly
higher airflow capacity would be much more energy efficient.

The East Stage Two compressors had the opposite efficiency profile of the West compressors. During the
afternoon and early evening, the compressors operated at about 33 icfm per kW. But during late night and early
morning the efficiency dropped down to 24 icfm per KW. This is primarily due to the fact that only one compressor
is needed at night, but rather than shutting down the second compressor, it is allowed to idle for 4 to 6 hours per
night without providing any air. This is due to experience with premature mechanical coupling failure on the Stage
Two compressors when they are shut down and restarted on a regular basis. The compressor idles for an average of
5 hours per night at an average power usage of 240 kW, costing approximately $50,000 in electricity per year.

Power was also compared to influent flow in Figure 5. It was found that the power usage of the PACs
drops only slightly at night, while the influent flows drop much more substantially. This can be quantified by
looking at the PAC energy usage per influent flow (Figure 6). For both the East and the West, the PAC energy
usage was about 800 to 900 kWh per mgal during the day. But at night, the energy usage jumped to 1500 kWh per
mgal for the West, and to 2000 kWh per mgal for the East. This points to the fact that the existing system has much
lower efficiency during low flow periods.

The air ratios help examine the causes of the poor low flow system efficiency (see Figures 8 and 9).
During the afternoon and early evening, the air ratio for both the East and West was about 1.5 icfm per gpm. But
during early morning, the air ratio increased to 3.5 icfm per gpm on the East side, and 3.2 icfm per gpm on the West
side. It appears that that there may be opportunity to increase the efficiency of the system by reducing the airflow
during low flow periods.

Energy Savings of New PACs
The PAC performance data was analyzed to compare the energy usage of the existing equipment to new

high efficiency compressors. A comparison between the existing equipment and new equipment was accomplished
by breaking down the average diurnal airflow curve into four regimes based on airflow ranges (see Figures 13 thru
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15). The average performance, including airflow, discharge pressure, and power was determined for each regime
(see Tables 4 thru 6). The number of hours of operation per day was also determined for each regime. This
established four discrete points of operation for each set of PACs that could be used to compare the existing
compressors to new high efficiency compressors at the existing operating conditions.

Turblex was contacted to provide selection of new PACs, including projected energy usage and equipment
costs. The various options for replacement of the existing compressors with Turblex compressors are presented in
Table 3. The detailed energy usage calculations are provided in the appendix. Note that the payback periods in
Table 3 are for the equipment costs only and do not take into account design, installation, or auxiliary equipment
costs. The payback periods do take into account energy efficiency rebate incentives offered by SCE . Also, the
equipment cost estimates include the typical features that the Districts have specified for other recent projects.

Table 3: San Jose Creek WRP PAC Replacement Payback Period

Number Equipment
Number | of Annual SCE Payback
Turblex | of Duty |Standby| Price per Power Rebate Period
Avrea of Plant Model | Units | Units Unit Total Price Savings Incentive | (Years)
East Stage One
Option 1 KAG6 2 1| $881,000| $2,643,000| $394,364| $327,825 5.9
Option 2 KA100 1 1)$1,438,000| $2,876,000 | $380,969 | $316,690 6.7
East Stage Two | KAG6 1 1| $881,000| $1,762,000| $175,297 | $145,720 9.2
East Stage One &
Two Combined | KAG6 3 1| $881,000| $3,524,000 $556,266 | $462,410 55
West
Option 1 KA80 1 0/$1,231,000 | $1,231,000| $447,024| $371,599 1.9
Option 2 KA80 1 21$1,231,000 | $3,693,000 | $447,024 | $371,599 7.4
TOTAL - East
Stage One & Two | KAG6
Combined and &
West Option 1 KA80 4 1 n/a| $4,755,000| $1,003,289 | $834,009 3.9

For Stage One, it is less expensive and more efficient to install two duty compressors with one standby than
one duty and one standby, with a payback period of 5.9 years in comparison to 6.7 years. This replacement would
save $394,000 per year in energy costs. Stage Two has a longer payback period of 9.2 years with $146,000 in
annual energy savings. But since Stage One and Stage Two can use the same compressor model, the PACs for
these could be combined for use of a common standby compressor. This combined option would require some
ducting modifications, but would cut the equipment payback period for Stage One and Stage Two to 5.5 years.

For the West side, replacement of all three compressors would have a payback period of 7.4 years.
However, Operations has indicated that the existing equipment is considered to be well within its useful life.
Therefore, a better alternative may be to replace just one of the existing compressors, while keeping the other two
as standby machines. This would have a payback period of just 1.9 years with a power savings of $447,000 per
year. In total, replacement of all three sets of compressors would have an annual power savings of $1.0 million
with a payback period of as low as 3.9 years.

Recommendations and Other Possible Energy Saving Measures

Operations has indicated that it does not have plans for extensive renovations to the aeration system for the
West side of the plant. This being the case, it recommended to fast track installation of one duty compressor for the
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West as a separate project. This separate project would provide $447,000 in annual energy savings. The equipment
cost of $1.23 million would be offset by a rebate incentive from SCE of approximately $370,000, bringing the
actual cost down to $860,000 and resulting in an equipment payback period of just 1.9 years. A project of this size
may also be able to qualify for special financing. The California Energy Commission conducts a low interest
energy efficiency financing program, which provides 3% interest loans of up to $3 million per application. This
program is currently on hold due to lack of funds, but it is expected that new funding will be available in the future.

In addition to replacing the PACs, there may be other opportunities for further improvements to the energy
efficiency of the aeration system. Advanced DO control could help cut down on excess aeration that may be
occurring during late night and early morning low flow periods. If the average daytime air ratio of 1.5 cfm per gpm
were maintained during low flow, it is estimated that with the Turblex units, the West plant could save an additional
$100,000 in energy costs per year and the East plant an additional $180,000. Advanced DO control could also help
optimize the amount of air being delivered to different stages of the aeration system, thereby improving the overall
treatment efficiency.

Other possible energy saving measures for the aeration system include the following:

e Similar to DO control, some plants have also begun to adjust airflow based on ammonia levels, enabling
the reduction of air where ammonia has already reached an acceptable level and providing further energy
savings.

e The May 2010 issue of Water Environment & Technology discussed modifications that were made at the
167 mgd San Jose/Santa Clara Water Pollution Control Plant. The plant recently replaced continuous
aeration in its anoxic compartments and mixed liquor channel with pulsed aeration for maintaining solids in
suspension. This reduction in aeration demand has resulted in approximately $800,000 in annual energy
savings.

e Some plants have optimized the performance of their primary clarifiers by providing improved baffling and
hydraulics. This reduces the loading on the secondary treatment system and can cut plant energy use by as
much as five percent.

e Improvements to diffuser cleaning represent another energy saving opportunity. The installation of power
monitoring devices on the PACs would enable a comparison of energy use before and after diffuser
cleaning to determine the impact of cleaning on energy usage. This could help optimize the methods and
interval of diffuser cleaning. In addition, Sanitaire markets an in-place cleaning system that aspirates
chemical into the aeration distribution system to clean the diffusers while tanks are in service. This enables
uninterrupted cleaning of the diffusers at optimum intervals.

e Operations has indicated the need for higher DO levels in the first pass of the aeration system, with the
possibility of converting to coarse bubble aeration in the first pass to accomplish this need. An alternative
to coarse bubble aeration to provide more DO may be a FlexAir system offered by Environmental
Dynamics Incorporated (represented by Pacific Process). Their MiniPanel Diffuser provides the efficiency
of fine bubble diffusion, but has higher floor coverage than traditional ceramic disc diffusers, thereby
providing more oxygen transfer per square foot. This system is apparently being used at Valencia WRP for
side stream treatment of filtrate.

Energy Recovery Engineering is available to provide assistance with the development of a PAC
replacement project at San Jose Creek WRP, including investigation into any promising related technologies that
may help further improve the efficiency of the secondary treatment system. In addition, Energy Recovery
Engineering can work with SCE to conduct energy efficiency analyses of the PACs at other WRPs to determine the
potential savings associated with replacement of those compressors.
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Figure 3: SUC WRP PAC Airflow Efficiency Rate
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Figure 4: SUIC WRP PAC Efficiency vs. Influent Flow
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Figure 5: San Jose Creek WRP PAC Power (] Plant Flow vs. Time of Day
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Figure 6: PAC Energy Use Per Influent Flow vs. Time of Day
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Figure 7: San Jose Creek WRP PAC Energy vs. Influent Flow
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Figure 8: San Jose Creek East WRP Airflow Rates
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Figure 9: San Jose Creek West WRP Airflow Rates
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Figure 10: SJC East Stage One PAC Performance
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Figure 11: SJC East Stage Two PAC Performance
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Figure 12: SJC West PAC Performance
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Figure 13: SUC WRP East Stage 1 Airflow Regimes

Time of Day

55,000
—
50,000 4
3)/ / N
L
S 45,000 \ ‘2)/
)
£ \ 4
<
\\ (1 . :
40,000 S —— SJC East Stage 1 Airflow (icfm) —
— Airflow Regime Average (icfm)
35,000 ‘
0:00 4:00 8:00 12:00 16:00 20:00 0:00
Time of Day
Figure 14: SJC WRP East Stage 2 Airflow Regimes
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Table 4
San Jose Creek WRP East - Stage One
PAC Performance

Average
Average Discharge Average

Regime Airflow within| Pressure within | Power within
Number Airflow Range HoursDay | Range (icfm) Range (psi) Range (kW)

1 39,000 - 42,000 icfm 6.0 40,257 6.16 1269

2 42,000 - 47,000 icfm 3.5 44,715 6.34 1390

3 47,000 - 49,000 icfm 9.5 48,110 6.56 1496

4 49,000 - 52,000 icfm 5.0 50,737 6.56 1557

SJC WRP East Stage One has three 1750 hp Elliot compressors with 44,000 scfm capacity each.
During the test period, two compressors normally ran at a time.

Table 5
San Jose Creek WRP East - Stage Two
PAC Performance

Average
Average Discharge Average

Regime Airflow within| Pressure within | Power within
Number Airflow Range HoursDay | Range (icfm) Range (psi) Range (kW)

1 15,000 - 17,000 icfm 5.0 15,997 6.57 645

2 17,000 - 21,500 icfm 5.5 19,104 6.77 643

3 21,500 - 23,000 icfm 8.0 22,646 6.99 698

4 23,000 - 25,000 icfm 5.5 23,790 7.02 713

SJC WRP East Stage Two has two 900 hp Roots compressors with 20,000 scfm capacity each.

Both compressors ran continuously during the test period. One compressor idles for 4 to 8 hours
per day without delivering any air.

Table 6
San Jose Creek WRP West
PAC Performance

Average
Average Discharge Average

Regime Airflow within| Pressure within | Power within
Number Airflow Range HoursDay | Range (icfm) Range (psi) Range (kW)

1 31,000 - 32,000 icfm 4.0 31,871 5.77 877

2 32,000 - 33,000 icfm 6.5 32,449 5.77 1062

3 33,000 - 34,000 icfm 4.5 33,507 5.77 1207

4 34,000 - 36,000 icfm 9.0 34,608 5.77 1220

SJC WRP West has three 1750 hp Roots compressors with 44,000 scfm capacity each. Only one
compressor ran at a time during the test period.

Notes:

Data is for 1217109 through 21110
Average high temperature during test period was 67 degrees
Average low termperature during test period was 47 degrees




Appendix

San Jose Creek WRP
Process Air Compressor Energy Analysis

Energy Usage Calculations for
Turblex Compressors

Data Provided by Lou Giordano
of Pacific Process



San Jose Creek WRP East - Stage 1, Option 1 (Two Duty, One Standby)

SJC WRP Power Cost [170.122 per kWh

Turblex Power Savings

Yearly Power Turblex Existing Turblex Existing
Point | Hours of | Cost per| Airflow| Temp | Power Turblex Power Power Power
No. Opeation kWh (ICFM) (F) (HP) Power (kW) (kW) Cost Cost
1a 0| $0.122 | 40,257 67 1226 915 1288 $0 $0
1b 2190| $0.122 | 40,257 47 1190 888 1250| $237,186| $334,041
2a 638.75| $0.122 | 44,715 67 1386 1034 1411 $80,574| $109,944
2b 638.75| $0.122 | 44,715 47 1342 1001 1369 $78,016| $106,718
3a 1733.75| $0.122 | 48,110 67 1534 1144 1518 $242,053| $321,177
3b 1733.75| $0.122 | 48,110 47 1476 1101 1474 $232,901| $311,754
4a 1825 $0.122 | 50,737 67 1628 1214 1580 $270,406| $351,866
4b 0| $0.122 | 50,737 47 1566 1168 1534 $0 $0
First Year Power Cost $1,141,136 $1,535,500
First Year Power Savings $394,364
Annual kWh Savings 3,232,494
Average kW Savings 369
Turblex Model KAG6
No. of Duty Units 1
No. of Standby Units 1
Price w. LACSD Features $881,000
Total Price w. LACSD Features $1,762,000
SCE Rebate Incentive $327,825
Equipment Payback Period 3.6
Regime Average Performance Data
Point Temp Flow Disch. | Power (kW,
No. HrsDay Hrs(Yr (F) (cfm) Pres. [uncorrected)
1a 0 0 67| 40,257 6.16 1269
1b 6 2190 47| 40,257 6.16 1269
2a 1.75] 638.75 67| 44,715 6.34 1390
2b 1.75| 638.75 47| 44,715 6.34 1390
3a 4.75| 1733.75 67| 48,110 6.56 1496
3b 4.75| 1733.75 47| 48,110 6.56 1496
4a 5 1825 67| 50,737 6.56 1557
4b 0 0 47] 50,737 6.56 1557

Methodology of Temperature Correction for Power of Existing Equipment:

Average high temperature during test period was 67F
Average low termperature during test period was 47F

From Turblex, power ratio from 47F to 67F is 9717.
Therefore multiply 67F number by 1.015 and divide 47F number by 1.015.

Point 1 (Regime [11) is during early morning, so temperature is assumed to be 47F
Point 2 (Regime [2) is very early and very late morning, so temperature is assumed to be half 47F and half 67F
Point 3 (Regime [3) is midday and midnight, so temperature is assumed to be half 47F and half 67F
Point 4 (Regime 4) is mid-afternoon, so temperature is assumed to be 67F




San Jose Creek WRP East - Stage 1, Option 2 (One Duty, One Standby)

SJC WRP Power Cost (1 0.122 per kWh
Turblex Power Savings
Yearly Power Turblex Existing | Turblex
Point | Hours of | Cost per| Airflow Power Turblex Power Power Existing

No. | Opeation| kWh (ICFM) [ Temp (F)| (HP) Power (kW) (kW) Cost Power Cost
1a 0| $0.122 | 40,257 67 1241 926 1288 $0 $0
1b 2190 $0.122 | 40,257 47 1210 903 1250 $241,173| $334,041
2a 638.75| $0.122 | 44,715 67 1402 1046 1411 $81,504| $109,944
2b 638.75| $0.122 | 44,715 47 1361 1015 1369 $79,120| $106,718
3a 1733.75| $0.122 | 48,110 67 1547 1154 1518 $244,104 $321,177
3b 1733.75| $0.122 | 48,110 47 1495 1115 1474| $235,899| $311,754
4a 1825 $0.122 | 50,737 67 1642 1225 1580 $272,731 $351,866
4b 0] $0.122 [ 50,737 47 1585 1182 1534 $0 $0

First Year Power Cost $1,154,531 $1,535,500

First Year Power Savings $380,969

Annual kWh Savings 3,122,693

Average kW Savings 356

Turblex Model KA100

No. of Duty Units 1

No. of Standby Units 1

Price w. LACSD Features $1,438,000

Total Price w. LACSD Features $2,876,000

SCE Rebate Incentive $316,690

Equipment Payback Period 6.7

Regime Average Performance Data

Point Flow Disch. | Power (kW,
No. | HrsDay | HrsYr [Temp (F)| (cfm) Pres. | uncorrected)
1a 0 0 67| 40,257 6.16 1269
1b 6 2190 47| 40,257 6.16 1269
2a 1.75| 638.75 67 44,715 6.34 1390
2b 1.75| 638.75 47| 44,715 6.34 1390
3a 4.75] 1733.75 67| 48,110 6.56 1496
3b 4,75 1733.75 47| 48,110 6.56 1496
4a 5 1825 67| 50,737 6.56 1557
4b 0 0 47| 50,737 6.56 1557

Methodology of Temperature Correction for Power of Existing Equipment:

Average high temperature during test period was 67F
Average low termperature during test period was 47F

From Turblex, power ratio from 47F to 67F is 970 .
Therefore multiply 67F number by 1.015 and divide 47F number by 1.015.

Point 1 (Regime 1) is during early morning, so temperature is assumed to be 47F
Point 2 (Regime [R2) is very early and very late morning, so temperature is assumed to be half 47F and half 67F
Point 3 (Regime [3) is midday and midnight, so temperature is assumed to be half 47F and half 67F
Point 4 (Regime [4) is mid-afternoon, so temperature is assumed to be 67F




San Jose Creek WRP East - Stage 2 (One Duty, One Standby)

SJC WRP Power Cost [170.122 per kWh

Turblex Power Savings

Yearly Power Turblex Existing | Turblex | Existing
Point | Hours of | Cost per | Airflow| Temp | Power Turblex Power Power Power
No. | Opeation kWh (ICFM) (F) (HP) Power (kW) (kW) Cost Cost
1a 0| $0.122 | 15,997 67 526 392 655 $0 $0
1b 1825 $0.122 | 15,997 47 513 383 636 $85,208| $141,605
2a 1003.75| $0.122 | 19,104 67 631 471 653 $57,644| $79,965
2b 1003.75| $0.122 | 19,104 47 613 457 634 $56,000| $77,638
3a 1460 $0.122 | 22,646 67 773 577 709| $102,714| $126,287
3b 1460 $0.122 | 22,646 47 744 555 688 $98,861| $122,547
4a 2007.5( $0.122 | 23,790 67 819 611 724| $149,637| $177,318
4b 0] $0.122 | 23,790 47 787 587 703 $0 $0
First Year Power Cost $550,063 $725,360
First Year Power Savings $175,297
Annual kWh Savings 1,436,862
Average kW Savings 164
Turblex Model KAG6
No. of Duty Units 1
No. of Standby Units 1
Price w. LACSD Features $881,000
Total Price w. LACSD Features $1,762,000
SCE Rebate Incentive $145,720
Equipment Payback Period 9.2

Regime Average Performance Data

Point Temp Flow Disch. | Power (kW,
No. HrsDay Hrs(Yr (F) (cfm) Pres. |uncorrected)
1a 0 0 67| 15,997 6.57 645
1b 5 1825 47| 15,997 6.57 645
2a 2.75] 1003.75 67| 19,104 6.77 643
2b 2.75| 1003.75 471 19,104 6.77 643
3a 4 1460 67| 22,646 6.99 698
3b 4 1460 47| 22,646 6.99 698
4a 5.5 2007.5 67| 23,790 7.02 713
4b 0 0 47| 23,790 7.02 713

Methodology of Temperature Correction for Power of Existing Equipment:

Average high temperature during test period was 67F
Average low termperature during test period was 47F

From Turblex, power ratio from 47F to 67F is 97(].

Therefore multiply 67F number by 1.015 and divide 47F number by 1.015.

Point 1 (Regime (1) is during early morning, so temperature is assumed to be 47F
Point 2 (Regime [2) is very early and very late morning, so temperature is assumed to be half 47F and half 67F
Point 3 (Regime [3) is midday and midnight, so temperature is assumed to be half 47F and half 67F
Point 4 (Regime 4) is mid-afternoon, so temperature is assumed to be 67F




San Jose Creek WRP West - Option 1 (One Duty Only)

SJC WRP Power Cost [110.122 per kWh

Turblex Power Savings

Yearly Power Turblex Existing Existing
Point | Hours of | Cost per| Airflow Power Turblex Power Turblex Power
No. Opeation kWh (ICFM) | Temp (F)| (HP) Power (kW) (kW) | Power Cost Cost
1a 0 $0.12 | 31,871 67 910 679 890 $0 $0
1b 1460 $0.12 | 31,871 47 877 654 864 $116,534| $153,903
2a 1186.25 $0.12 | 32,449 67 929 693 1078 $100,298| $156,001
2b 1186.25 $0.12 | 32,449 47 894 667 1046 $96,519| $151,424
3a 821.25 $0.12 | 33,507 67 962 718 1225 $71,903| $122,746
3b 821.25 $0.12 | 33,507 47 925 690 1189 $69,138| $119,145
4a 3285 $0.12 | 34,608 67 997 744 1238 $298,077| $496,273
4b 0 $0.12 | 34,608 47 959 715 1202 $0 $0
First Year Power Cost $752,469 $1,199,492
First Year Power Savings $447,024
Annual kWh Savings 3,664,128
Average kW Savings 418
Turblex Model KA80
No. of Duty Units 1
No. of Standby Units 0
Price w. LACSD Features $1,231,000
Total Price w. LACSD Features $1,231,000 Years
SCE Rebate Incentive $371,599
Equipment Payback Period 1.9

Regime Average Performance Data

Point Temp Flow Disch. | Power (kW,
No. HrsDay | HrsiYr (F) (cfm) Pres. [ uncorrected)
1a 0 0 67| 31,871 5.77 877
1b 4 1460 471 31,871 5.77 877
2a 3.25( 1186.25 67| 32,449 5.77 1062
2b 3.25] 1186.25 47| 32,449 5.77 1062
3a 225 821.25 67| 33,507 5.77 1207
3b 2.25| 821.25 47| 33,507 5.77 1207
4a 9 3285 67| 34,608 5.77 1220
4b 0 0 47] 34,608 5.77 1220

Methodology of Temperature Correction for Power of Existing Equipment:

Average high temperature during test period was 67F
Average low termperature during test period was 47F

From Turblex, power ratio from 47F to 67F is 97(].
Therefore multiply 67F number by 1.015 and divide 47F number by 1.015.

Point 1 (Regime 11
Regime (2
Regime 3
Point 4 (Regime (4

(
Point 2 (
Point 3 (

(

~— — ~— ~—

is during early morning, so temperature is assumed to be 47F
is very early and very late morning, so temperature is assumed to be half 47F and half 67F
is midday and midnight, so temperature is assumed to be half 47F and half 67F
is mid-afternoon, so temperature is assumed to be 67F




San Jose Creek WRP West - Option 2 (One Duty, Two Standby)

SJC WRP Power Cost [110.122 per kWh

Turblex Power Savings

Yearly Power Turblex Existing Existing
Point | Hours of | Cost per| Airflow Power Turblex Power Turblex Power
No. Opeation kWh (ICFM) | Temp (F)| (HP) Power (kW) (kW) [ Power Cost Cost
1a 0 $0.12 | 31,871 67 910 679 890 $0 $0
1b 1460 $0.12 | 31,871 47 877 654 864 $116,534| $153,903
2a 1186.25 $0.12 | 32,449 67 929 693 1078 $100,298( $156,001
2b 1186.25 $0.12 | 32,449 47 894 667 1046 $96,519| $151,424
3a 821.25 $0.12 | 33,507 67 962 718 1225 $71,903| $122,746
3b 821.25 $0.12 | 33,507 47 925 690 1189 $69,138| $119,145
4a 3285 $0.12 | 34,608 67 997 744 1238 $298,077| $496,273
4b 0 $0.12 | 34,608 47 959 715 1202 $0 $0
First Year Power Cost $752,469 $1,199,492
First Year Power Savings $447,024
Annual kWh Savings 3,664,128
Average kW Savings 418
Turblex Model KA80
No. of Duty Units 1
No. of Standby Units 2
Price w. LACSD Features $1,231,000
Total Price w. LACSD Features $3,693,000 Years
SCE Rebate Incentive $371,599
Equipment Payback Period 7.4

Regime Average Performance Data

Point Temp Flow Disch. | Power (kW,
No. HrsDay | HrsiYr (F) (cfm) Pres. | uncorrected)
1a 0 0 67| 31,871 5.77 877
1b 4 1460 471 31,871 5.77 877
2a 3.25( 1186.25 67| 32,449 5.77 1062
2b 3.25] 1186.25 47| 32,449 5.77 1062
3a 225 821.25 67| 33,507 5.77 1207
3b 2.25| 821.25 47| 33,507 5.77 1207
4a 9 3285 67| 34,608 5.77 1220
4b 0 0 47] 34,608 5.77 1220

Methodology of Temperature Correction for Power of Existing Equipment:

Average high temperature during test period was 67F
Average low termperature during test period was 47F

From Turblex, power ratio from 47F to 67F is 97(].
Therefore multiply 67F number by 1.015 and divide 47F number by 1.015.

Point 1 (Regime 711
Regime (2
Regime 3
Point 4 (Regime (4

(
Point 2 (
Point 3 (

(

~— — ~— ~—

is during early morning, so temperature is assumed to be 47F
is very early and very late morning, so temperature is assumed to be half 47F and half 67F
is midday and midnight, so temperature is assumed to be half 47F and half 67F
is mid-afternoon, so temperature is assumed to be 67F
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Using

Effluent Water

On Your Golf Course

by DR. DAVID KOPEC, DR. CHARLES MANCINO, and DOUGLAS NELSON

University of Arizona, Tucson, Arizona

‘- r QU MIGHT CALL IT a recycler’s
nightmare. Every day, 365 days a
year, hundreds of millions of gallons

of useable treated water is dumped need-
lessly into the ground, rivers, and oceans of
the world. Is this truly necessary, ot is there
an ajternative method of disposat to allow the
recapture of some of this water and put it
through a natural filter? Actually, there is!

Parks, golf courses, sports fields, and certain

agricultural crops all can use effluent water

for irrigation.

In addition to preventing needless dwmp-
ing, a useable effluent water supply has
several other advantages. These inciude (1)
guaranteed availability, even during pertods
of drought, (2) a nistrient content that poten-
tially can lessen dependence on manufac-
tured fertilizers, (3) the freeing of limited
supplies of potable water for other, more
essential uses, and (4) income, from the sale
of effluent water to agricultural users, to pay
for the construction of public sewage treat-
ment plants.

Before running to the faucet and turning
on an effiuent water supply, however, there
are several points that should be considered.
To begin with, a thorough understanding of
effluent water and how it is produced is
essentizl.

What 1s Effluent?

The source of most effiuent water sup-
plies comes from municipal sewage that is
approximately 99.9% water (effluent) and
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Figure 1 — Generalized Flow Sheet for Wastewater Treatment
Source: Asano, T. R. G, Smith, and G. Tschobanoglous, 1984
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{Na), chlorine (C}), magnesium (Mg), cal-
cium {Ca), sulfate (50s), and bicarbonates
(HCO,). After irrigation with effluent, these
salts accumulate in the soil and attract pure
water molecules, preventing some of the
water from being absorbed by the turfgrass
plants. As a result, less “free” water is avail-
able for mrfgrass uptake and symptoms of
drought stress begin to ocour

Sodium Hazard — Sodium hazard indi-
cates the relative amount of sodium (Na} in
relation to calcium {Ca) and magnesium
(Mg). A high amount of sedium in effluent
water 18 undesirable from a water and soil
standpoint. In addition to being a component
of salt stress, sodium {Na) accumulation
eventually will result in displacement of
calcium {Ca) and magnesium (Mg} on the
exchange sites of soil particles. This in tun
inhibits the abilityof the soil to aggregate and
form peds necessary to maintain good soil
structure,

Bicarbonate Concentration - Bicarbon-
ate (HCOs) concentration is important be-
cause of its ability to form precipitates of
calcium carbonate {CaCO:s) and magnesium
carbonate {(MgCOs). These precipitates
“steal” calcium and magnesium from the
soil particle exchange sites, and in turn can
be replaced by sodium. Of lesser importance
is that excess bicarbonate can lead to an
increase in soil pH.

Toxic fon Concentration -High concen-
trations of specific ions, such as chlorine and
boron, can cause damage as they accumulate
in plant tissue. Fortunately, tarfgrasses are
relatively tolerant of several toxic ions.
These ions tend to accurulate in the leaf
tip and are removed during mowing. Many
oramental frees and shrubs arc not as
fortunate, however, and can experience dis-
figuring leaf bums. The type and amount of
toxic ions found in effluent is a function of
where the raw sewage emanates from.
Generally speaking, most municipal efflu-
ent does not contain high toxic ion concen-
trations, whereas industrial and mining
effluent does.

pH — The pH (negative logarithm of the
hydrogen ion concentration) of effluent
water serves as an indication that there may
be some type of jon imbalance in the water.
In general, it is held that the pH of the water
itself is not a problem, as most soils have a
great resistance to pH alteration.

What Next?

With an understanding of the chemical
characteristics of eftiuent water, developing
maintenance practices that compensate for
any negative attributes is a relatively simple
matter. To begin with, the highest manage-
ment priority is determining the water’s total
salt conceniration. As mentioned previously,
dissolved salts can quickly accumulate n
the soil and inhibit “free” moisture/nutrient
uptake.

To avoid such an cccurrence, periodic
heavy irrigation cycles must be programmed
to saturate the soif and leach the salts below
the root zone. To accommodate salt leach-
ing, the importance of good subsurface
drainage cannot be overstated. This point is
especially important in regard to putting
greens, where excessively wet conditions
would make the soil more susceptible to
excessive compaction from concentrated
foot traffic.

Another high priority is the sodium
hazard, or the relative amount of sodiunt in
comparison to calerum and magnesium. If
the sodium hazard 1s high, the sodium ions
will accurnulate on the soil exchange sites
and cause degradation of the soil structure.
As a counterbalance, additional calcium
should be added to the soil. In a majority of
cages, this can be done by applying calcium
sulfate (gypsum) in either a granular or liquid
forrnulation.

In cases where the soil has a high pH and
excess free calcium carbonate, however,
sulfir should be applied. As the suifur
breaks down, It dissolves the natural calcium
deposits and increases the availability of
miner nutrients by lowering the

Table 3
Potential Fertilizer Value of Irvine Ranch
Water District Reclaimed Water {Per Acre-Foot)

Concentration Commercial*
Nutrients mg/1 Pounds/ac.-ft. Value $ac.-ft.
Nitrogen (N} 23.0 62.6 $11.27
Phosphorus {P) 2.2 6.0 2.82
Potassium (K} 13.9 38.1 6.10
Total Potential Fertilizer Value $26.19

*Commercial value based on average fertilizer prices for the surmmer of 1980: N = [8/h, P = 4Tedb, K = 160/,
Source: Asano,

12 USGA GREEN SECTION RECORD

As a potential benefit, many effluent
waler supplies contain substantial amounts
of nitrogen, phosphorus, and potassium
{Table 3). However, due to daily and seasonal
nutrient {luctuations, it is rot possible to
calculate the exact amount of these nutri-
ents that will be deposited on the twf
so that it can be subtracted from the annual
fertilization program. Therefore, monitoring
of both twrf performance and soil test data
should be done to make the necessary
adinstments.

Although nutrient content is a potential
benefit, toxic ions are another matter, ff
present, some toxic ions can lead to the
deteriorations of the turf and the surround-
ing landscape. Since the removal of toxic
ions from an effluent supply would not be
economically feasible in most cases, and
they cannot be effectively leached through
the soil, blending of the effluent with other
water sources is likely to be the only real
solution. For example, the concentration of
boron could be reduced to a nontoxic level
by blending an effluent water supply with a
well water supply.

Though not directly toxic to plants, high
bicarbonate levels in effluent water can
contribute to sodium buildup in the scil by
reacting with calcium and magnesium. To
prevent this reaction, acid injection (the
addition of acid to the effluent water) some-
times is used to lower the pH and nullify the
bicarbonate fon. To determine the potential
benefits of acid injection, water samples can
be submitted for special testing.

Conclusion

As an alternative to potable water use,
effluent water can in fact be a logical, safe,
and economical choice for golf course and
sports turf irrigation. Furthermore, it offers
an environmentally responsible choice to the
wholesale dumping of treated water into
existing waterways. Turning on the faucet
simply requires understanding both what
effluent water is and what it is not!
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EXECUTIVE SUMMARY

> Water is likely to be the most critical resource challenge that the San Diego region will face during the next
two decades as it strives to achieve sustainable growth.

> Economic and environmental factors suggest that dependence on imports for the bulk of San Diego
County’s water is neither optimal nor sustainable. While imported water is likely to remain an important
source for the region for some time, diversification into other sources will be necessary.

> Seven primary sources exist to address San Diego County’s water demands: imported water, surface water,
goundwater, desalinated sea water, recycled non-potable water, recycled potable water, and conservation.

> Imports from the Sacramento-San Joaquin River Delta and the Colorado River currently account for nearly
80% of San Diego County'’s water supply. Recycled water, only for non-potable purposes, meets about 4%
of the region’s demand. Desalinated sea water is not presently a source, although a desalination plant is
expected to be completed in Carlsbad by 2012.

> Marginal cost estimates vary widely, but current estimates put the cost of desalinated sea water as the

Marginal Costs and Energy Intensity of
San Diego County's Water Alternatives, 2010e

Surface Recycled Non-|Recycled
Imported |Water Groundwater |[Desalinated |potable Potable Conservation
Marginal Cost  low 875 400 375 1,800 1,600 1,200 150
($/acre foot) high 975 800 1,100 2,800 2,600 1,800 1,000
Energy Intensity low 2,000 500 400 4,100 600 1,500 negligible
(kWh/acre foot) high 3,300 1,000 1,200 5,100 1,000 2,000
e=estimated range Source: FBEI

highest cost option at about $1,800 to $2,800 per acre foot. The cost of retrofitting the water infrastructure
to a dual-pipe system also puts the estimated cost of recycled non-potable water at a relatively high level.
While converting recycled water to potable levels entails additional treatment costs, the ability to use

the existing water distribution system results in a somewhat more moderate marginal cost. In contrast,
conservation carries a low marginal cost of $150 to $1,000 per acre foot. Surface and groundwater also
have comparatively low costs, but they do not have the capacity to serve as major sources for San Diego
County’s water requirements.

> Concerns about the availability and cost of energy, as well as greenhouse gas emissions, make energy
intensity a key issue in assessing the different water options. Desalination is the most energy intense
solution, with an estimated requirement of 4,100 to 5,100 (kilowatt hours) per acre foot. In contrast, the
energy intensity of recycled non-potable water is comparatively low at 600 to 1,000 kWh per acre foot.
Direct energy costs for conservation are considered negligible.

> Legal, regulatory, technical, health, social, and environmental factors also are important to assessing the
optimal mix of water options for San Diego County. The report presents a matrix ranking the alternatives
across these various dimensions.

> Assessing marginal dollar cost, energy intensity, and the array of other major factors yields an overall

ranking of the seven water alternatives. On a scale of 1 to 5, where 5 represents the most favorable/lowest-
cost option, imported water and sea water desalination carry the lowest scores at 2.6 and 2.7, respectively.

> Surface water and groundwater have relatively favorable scores of 3.6 and 3.2, respectively. However,



neither source has the capacity to supply a substantial proportion of the region’s water supply over time.

Recycled non-potable and potable water carry moderately attractive scores of 3.3 each. At $2 million/mile,
the cost of the dual-pipe system poses the largest constraint to non-potable recycled water. Requirements
that new residential construction incorporate dual-piping systems could help make the use of recycled
non-potable water more feasible over time and locating satellite water recycling plants close to users
could also help reduce water transportation costs. Public concerns over the safety of potable water pose
the greatest challenge to that source, although public opinion appears to be shifting to more support.

Conservation currently is and will remain the most favorable and least costly option over the next two
decades. It carries a rating of 4.6. However, the extent to which conservation can reduce the region’s
water consumption as the population continues to grow over the next 20 years remains to be determined.

These findings suggest that solving San Diego County’s water challenge may also rest significantly on the
demand side. Pricing water closer to its true marginal cost will be necessary to ration this most valuable
and scarce resource.

Total Factor Rating of San Diego County's Water Alternatives

5.0
4.6
4.0 36
: 3.3 3.3 3.2
2.7
3.0
2.6

2.0

1.0

0-0 T T T T T T 1

Conservation Surface Water*  Recycled Recycled Non- Groundwater* Desalinated Imported

Potable potable

*These sources do not have significant local capacity Source: FBEI
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INTRODUCTION

Water is the world’s most valuable commodity (The Economist, May 22nd-28th, 2010). As the pressures of a
growing population clash with a limited resource and concerns about energy usage and the environment,
it is vital that San Diego County plan strategically for its water future. Considering economic costs, energy
intensity, legal, technical, social and other factors, what options should the region pursue to meet its future
water demands? This report presents an analytical framework to address those questions and provides its
conclusions on the optimal approach.

REPORT STRUCTURE AND METHODOLOGY

The first part of this report examines the current marginal costs of the different present or possible water
sources for San Diego County. Projections for 2020 and 2030 are provided to shed light on how the relative
costs of the various energy sources may change during the next ten and twenty years.

The second section analyzes the energy intensity of the different sources both to capture the impact on
energy supplies and the magnitude of the “carbon footprint” The third section follows a less quantitative
approach but analyzes the feasibility of the different water solutions based on legal, technical, safety, social,
environmental, and other factors. The report ends with a section summarizing the rankings of the various
water supply options according to these various criteria and concludes with recommendations for San Diego’s
water policy.

Estimates of marginal costs, energy intensity, and other factors were based on inputs from a number of
different studies and water authorities from within San Diego County and elsewhere. (See Sources and
References at the end of this report.) These estimates vary widely; the authors of this report used their best
judgment based on the current state of knowledge in the field and projections of various economic and
financial factors. Attention was paid to ensure that definitions of various concepts, such as marginal cost and
energy intensity, were treated consistently across the different water source options. In most cases, estimates
and forecasts are presented as ranges to portray the considerable uncertainty surrounding these issues and
the different conditions that exist in the various local jurisdictions of San Diego County.

SAN DIEGO COUNTY’S WATER SUPPLY OPTIONS
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Seven solutions to meet the water demands of San Diego County are examined.

Imported Water: Water from other areas can be imported into the region if available. Currently, San Diego
County receives about 80% of its water supply from this source. (See Chart 1.) In 1991, 95% of the region’s
water was imported. About two-thirds of San Diego County’s current imports come from the Sacramento-San
Joaquin River Delta; the remainder comes from the Colorado River.

Surface Water: Surface water refers to water accumulated in local streams, rivers, and lakes from precipitation
in various watersheds throughout San Diego County. It will represent about 3% of the region’s total water
supply in 2010. Drought conditions in recent years have reduced the contribution of surface water from a
more typical 5% share. Two percent of this year’s total water consumption will represent “dry-year transfers,’
refering to water brought in from substitute sources outside the region.

Groundwater: Groundwater is water located beneath the ground surface in soil pore spaces and in the
fractures of rock formations. Some of it only requires that certain minerals be extracted to obtain potable
water of desired standards, while other is brackish, requiring desalination. Groundwater currently accounts for
about 2% of San Diego County’s water supply.



Chart 1 Sources of San Diego County's Water Supply, 2010e

306 2%2%
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Conservation
Recycled Non-potable
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B Groundwater

B Dry-Year Water Tranfers

e=estimate Sources: San Diego County Water Authority; FBEI

Desalinated Sea Water: Potable water can be extracted from sea water as implemented in several facilities
in North America. However, this is currently not a water source in this region. In San Diego County, a water
desalination plant was approved in 2009 for Carlsbad, with completion set for 2012.

Recycled Water, Non-Potable: Wastewater can be recycled, partially treated, and used for landscaping,
industrial, and other uses. Currently, San Diego County relies on this source for about 4% of its total water

supply.

Recycled Water, Potable: Recycled water can be treated to potable levels, although this is currently not being
done in San Diego County. With advanced treatment, recycled water can be added to existing water supplies
in either underground basins (“goundwater recharge”) or to open reservoirs. This is referred to as Indirect
Potable Reuse, or IPR.

Conservation: Conservation, achieved by using less water or by using water more efficiently, is another
option to meet San Diego County’s water challenge. Currently, conservation has been able to replace about
10% of the region’s potential demand.

WATER MARGINAL COSTS

This section analyzes the marginal costs of the seven alternative water solutions as of 2010. (See Table 1a and
Chart 2.) Marginal cost is the cost of producing an additional acre foot of water (the volume of one acre of
water that is one foot deep) and includes both operating costs and amortized fixed capital costs. Subsidies
are not included. Operating costs encompass various expenses involved in the extraction, treatment,
transportation, and distribution of water. The allocation of fixed capital costs represents both the investment
in infrastructure and financing costs over time. The ranges indicated below allow for significant variation that
may exist in different areas of San Diego County arising from, among other factors, variations in distance from
water sources and treatment facilities.
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Imported Water: Imported water currently carries a marginal cost with a range of $875 to $975 per acre
foot. This reflects a marginal cost of about $535 per acre foot for untreated water from different sources,

$215 for treatment, and $175 for other expenses, including transportation, storage, customer service, and
the amortized costs of expanding conveyance capacity. The total represents primarily the wholesale cost the
Metropolitan Water District charges the San Diego County Water Authority, which in turn is passed on to the
24 water districts in the San Diego region.

Table 1a

Marginal Costs and Energy Intensity of
San Diego County's Water Alternatives, 2010e

Surface Recycled Non-|Recycled
Imported |Water Groundwater |Desalinated |potable Potable  [Conservation
Marginal Cost low 875 400 375 1,800 1,600 1,200 150
($/acre foot) high 975 800 1,100 2,800 2,600 1,800 1,000
Energy Intensity low 2,000 500 400 4,100 600 1,500 negligible
(kWh/acre foot) high 3,300 1,000 1,200 5,100 1,000 2,000
e=estimated range Source: FBEI

Surface Water: Surface water has a marginal cost estimated to range between $400 and $800 per acre
foot. This represents treatment, pumping, distribution, and reservoir costs. Reservoir expenses encompass
payments to the state for river usage rights and dam safety, brush clearance, habitat restoration, dikes to
prevent contamination from diesel fuel and other elements, and dam improvements over time. The low and
high ends of the range represent primarily the differences between reservoir water levels in any given year,
with pumping costs per unit considerably higher when reservoir levels are low.

Groundwater: Groundwater has a marginal cost that generally ranges from about $375 to $1,100 per acre
foot. Much of the cost and variation reflect differences in required treatment methods to bring the water

to potable standards. Fresh water may only need to be disinfected (usually with chloramines) and can have
a lower cost than surface water which may require more treatment. This is the case for some of the less
expensive water supply available, for example, from the Sweetwater Authority. Demineralization, however,
may be required to remove iron and manganese. Where water is brackish, reverse osmosis is necessary
along with disposal costs of the brine. Distribution and transportation expense of the water to and from the
treatment facility also adds both to the total cost and its variability across the region.

Desalinated Sea Water: Desalinated sea water has a marginal cost ranging from about $1,800 to $2,800 per
acre foot. Although advances in technology have helped reduce the cost of desalination over the past 15
years, the high energy requirements of this source make it the most expensive of the seven energy alternatives
investigated in this report. A significant part of the cost and variability in costs of this option reflects the
distances that sea water and potable water must be moved. For example, if a desalination plant is connected
with a power plant, it can use the outflow from the once-through cooling system of the power plant to dilute
the salty brine from the desalination plant before it is discharged back to the ocean. Where dilutants for the
brine need to be brought to the plant, costs are substantially higher. It should be noted that California’s State
Water Resources Control Board voted in May 2010 to phase out once-through cooling systems, where ocean
water is cycled through the plant and then returned to the sea, because of envirnomental concerns.

The choice of intake systems is also significant in terms of both the potential environmental impact and
marginal cost. Large sea water desalination plants have typically used open sea, surface water intake systems,
which can trap marine organisms in the intake screens. Subsurface intake systems, involving horizontal or
vertical beach wells, infiltration galleries, or seabed filtration, can eliminate much of the impact on marine
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life, although costs will generally be higher than those associated with open sea, surface water arrangements.
Such a design to mitigate ecological damage is being incorporated in a new plant in Adelaide, Australia, and is
being considered for the proposed Camp Pendleton Desalination Project.

Chart 2
Marginal Costs for Water, 2010e
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Recycled Water, Non-Potable: Recycled, non-potable water carries a marginal cost estimated at $1,600

to $2,600 per acre foot for the San Diego region. The size and variation of the cost of recycled non-potable
water depend on the quality of the wastewater received, the standards required by the end users (such as
with varying degrees of health concerns), the cost of treatment, and the distance between the recycling
facility and potential users. Although there is a large supply of wastewater available for recycling, the capital
costs required to install new distribution systems in San Diego County make the marginal cost of this source
relatively high. Recycled water that is not treated to potable levels must be conveyed in a separate pipe
system (“purple pipes”) labeled and readily distinguished from traditional water lines.

In Orange County, the ability to install the necessary pipes as new communities were initially built in the Irvine
Ranch Water District has helped to contain the cost of recycled water. About 25% of this district’s water supply
represents recycled water. The capital costs of retrofitting much of San Diego County’s water system with new
piping systems would be substantial, with it costing about $2 million per mile to install these pipes. Dual-
piping systems (accommodating potable and non-potable water) could be installed at much lower costs at the
beginning of new property developments. Currently, the Olivenhain Water District supplies about two million
gallons per day of non-potable recycled water for irrigation to several cities in North San Diego County.

Last November, California’s Building Standards Commission adopted a dual-plumbing code for the state. This
should help clarify the requirements for installing potable and non-potable systems in commercial, retail,
office, hotel, apartment, educational, and other facilities.

Recycled Water, Potable: Recycled potable water has a marginal cost estimated at about $1,200 to $1,800
per acre foot. Although the cost of treatment to potable levels adds about 10% to 15% to the cost of non-
potable recycled water, the expense of conveying recycled potable water for reservoir augmentation is

less than that required to construct an entirely separate system for distribution to customers as required

for non-potable systems. Conveyance costs are still a factor for this source. In the specific case of reservoir
augmentation at San Vicente Dam, a large pipeline would need to be constructed to transport the water to
the reservoir and pumping costs would also be considerable. For other projects that have a closer source of
recycled water or that are injecting recycled water into groundwater aquifers, such as is the case with the Helix
Water District's proposed project, the conveyance costs would be significantly less.
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Conservation: Conservation programs carry a current marginal cost of about $150 to $1,000 per acre

foot. This measure reflects the estimated expenditures on educational initiative or subsidies to promote
conservation divided by the cumulative water savings of the programs. For example, the marginal cost of

a program to achieve greater water efficiency of dishwashers would be calculated as the total expenditures
on rebates divided by the total water savings of the dishwashers over their lifetimes. Information on or
distribution of water-efficient plants for landscaping represents a lower cost option. Mandatory restrictions
have also been used, with their marginal cost reflecting the expense of publicizing and enforcing the
restrictions.

Marginal Costs: 2020 and 2030
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Table 1b
Marginal Cost Forecasts, 2020 and 2030
Constant 2010 dollars
Surface Recycled Non-|Recycled
Imported [Water Groundwater [Desalinated |[potable Potable Conservation

Marginal Cost low 1,479 600 530 3,391 2,861 1,929 336
(S/acre foot), 2020  high 2,079 1,200 1,600 4,391 3,661 2,729 1,136
Marginal Cost low 2,839 875 900 4,988 4,327 3,048 608
(S/acre foot), 2030  high 3,839 1,750 2,500 5,988 5,327 3,848 1,508
e=estimated range Source: FBEI

Based on the estimated path of energy costs, labor, interest rates, water demands from competing users, and
other factors, marginal costs for the seven different water alternatives were projected for the next ten and
twenty years for the San Diego region. These numbers are presented in terms of 2010 dollars. (See Table 1b,
Chart 3, and Chart 4.)

Although the relative cost rankings of the different sources do not change (with desalinated sea water still
the most costly option and conservation the least expensive), there is some change in the relative dispersion
of costs across the alternatives. In particular, by 2030, the marginal cost of recycled potable water could be
competitive with that of imported water.

The cost of imported water is projected to rise at a real (in addition to inflation) rate averaging 6.7% over the
next twenty years. The ongoing growth of California’s population will continue to press supplies available
from the Sacramento-San Joaquin River Delta, while continued rights to supplies from the Colorado River are
challenged.

Chart 3 Projected Real Cost Increases, 2010-2030
Average annual percent change
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Chart 4 Marginal Costs for Water, 2020 and 2030f
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The costs of labor, amortized expense of dam building and repair, and energy costs for pumping and
treatment are forecast to push the cost of surface water up at an average rate of 4.0% over the next twenty
years. Depletion of fresh goundwater could drive the cost of that source up at an average annual rate of 4.4%
in the period through 2020, with greater pumping and treatment requirements.

The cost of desalinated water is forecast to rise at a relatively rapid real rate averaging 4.5% over the time
period to 2030. Although technological advances could lower capital and operating costs, interest and energy
expenses are expected to drive costs up at a significant pace.

The cost of recycled, potable and non-potable water is expected to increase at a 4.3% pace in real terms

on average over the next twenty years. Although energy costs can be expected to continue torise at a
considerable pace, the cost increases could moderate in the second half of the twenty-year period if most of
the infrastructure building and retrofitting was done earlier in the period.

The marginal cost of conservation programs is projected to rise at a 3.1% real pace over the twenty-year
period. Although new technologies could enhance water saving efforts, conservation programs could start to
run into diminishing returns over the next two decades as the easiest and least costly options for water users
are implemented.

ENERGY INTENSITY

According to a California Energy Commission 2005 report, water-related energy consumption accounts for
nearly one-fifth of the state’s total electricity usage. Energy usage for water is important to understand not
only because of the implications for the state’s total energy demands but also because of the implications

for greenhouse gas emissions and the climate goals of the region. Estimates of the energy intensity of the
different water alternatives are analyzed in this section in terms of kilowatt hours (kWh) per acre foot for 2010.
(See Chart 5 and Table 1a.)

Imported Water: Imported water is quite energy intensive, requiring approximately 2,000 to 3,300 kWh per
acre foot. Considerable transporatation costs keep this as a high-energy alternative.
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Chart 5 Energy Usage by Water Source, 2010e
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Surface Water: In contrast, the energy requirements of surface water are considerably lower, with a range of
500 kWh to 1,000 kWh per acre foot because of lower transportation and distribution requirements. Pumping
accounts for most of the energy requirements from this water source, with treatment, transportation, and
distribution responsible for the remainder.

Groundwater: The contrast of pumping fresh water to the requirements of possible demineralization and
reverse osmosis take the energy range of goundwater from about 400 to 1,200 kWh per acre foot. The higher
end of the range represents the energy demands from treating brackish water.

Desalinated Sea Water: Desalinated sea water carries the highest energy cost at 4,100 to 5,100 kWh per
acre foot. Transportation costs and the plant energy costs involved in converting saltwater to potable water
drive up the total. As noted above, “co-locating”a desalination plant with a power plant can eliminate the
conveyance costs of water needed to dilute the brine, although the banning of “once-through” cooling
systems could limit that advantage. Other transportation costs plus the energy intensity of the desalination
process result in this water source being a high user of energy with a large “carbon footprint.”

Recycled Water, Non-Potable: Recycled, non-potable, water is a relatively low energy user at 600 to 1,000
kWh per acre foot. Locating primary or satellite recycling plants relatively close to end users can help keep
energy costs at the lower end of this range.

Recycled Water, Potable: Recycled potable water requires considerably more energy than its non-potable
sibling because of the transportation costs necessary to convey the treated water to a storage reservoir, if
this is the chosen treatment strategy. Energy costs for this source are estimated at 1,500 to 2,000 kWh per
acre foot. Where significant pumping is required, such as is the case with the San Vicente Reservoir, energy
expenditures could be substantial. The extent of treatment costs necessary to achieve desired quality
standards for potability also adds to energy requirements.

Conservation: Conservation has no direct energy costs, although the manufacturing process of producing

various energy-saving devices entails some energy usage. For the purposes of this study, the energy
consumed by conservation is considered to be negligible.



OTHER FACTORS

In addition to marginal cost and energy considerations, a number of other factors are important in assessing
the feasibility and desirability of different water solutions. This section discusses those factors, assessing them
both as they exist currently and are expected to develop over the next twenty years. Table 2 presents a matrix
which scores the seven water options on a scale of 1 (least favorable or highest cost) to 5 (most favorable or
lowest cost). A wide range of sources and experts were consulted (see Sources and References) in developing
these estimates.

Table 2
Factor Matrix for San Diego County Water Options*

Recyled Recycled Non-
Conservation |Surface Water |[Potable potable Groundwater |Desalinated Imported
Marginal Cost 5 4 3 2 4 1 4
Energy Intensity 5 4 3 4 4 1 2
Legal/Regulatory 5 3 2 3 3 2 2
Technical 4 5 3 2 4 2 3
Health/Safety 5 4 4 3 3 4 3
Social Acceptance 4 5 2 3 4 3 4
Environment 5 3 4 4 3 2 1
Availability 4 2 5 5 2 5 3
Reliability 4 2 4 4 2 4 1
Average 4.6 3.6 3.3 3.3 3.2 2.7 2.6
*Scale of 1 to 5, with 5 representing the most favorable/lowest cost
Source: FBEI

Legal and Regulatory: Water projects and solutions fall under the jurisdiction of local, state, and/or federal
laws. Permit processes can often be lengthy with a number of legal challenges following. Desalinated sea
water facilities face relatively high legal and regulatory constraints. For example, the Carlsbad desalination
plant required 11 years of litigation and negotiation before the permit was received in 2009. Lawsuits have
continued into 2010. Imported water also faces many legal hurdles in the period ahead as various parties
dispute the rights to water from the Sacramento-San Joaquin River Delta and the Colorado River. Recycled
potable water will be regulated by rigid health standards. Recycled non-potable, goundwater, and surface
water are expected to face moderate legal and regulatory constraints. Conservation probably faces limited
legal issues unless personal rights are disputed in the case of mandatory restrictions.

Technical: Technical factors refer to design or operational elements related to each water source alternative.
Technical issues pose both upside and downside risk to some of the water options analyzed in this report.
Technological advances could, for example, substantially lower costs over time for desalination and recycling.
At the same time, problems can plague various water facilities, particularly as new technologies are applied
or projects are moved from small-scale test facilities to large-scale operations. Desalination sea water plants
are categorized with relatively high technical costs. For example, the plantin Tampa, Florida, the largest
desalination sea water facility in North America, has encountered a number of design and construction
problems. Non-potable recycling systems could encounter considerable technical issues. A risk for such
systems is the possibility of “cross-connections” or an accidental connecting of potable and non-potable water
systems, leading to contamination of potable water. Although the probability of such an event is low, the
consequences could be serious.

Potable water recycling technologies also face considerable technical issues, particularly where users

require that stringent standards are met, as well as possible contamination events. Imported water could

face significant technical challenges in the future as the Sacramento-San Joaquin River Delta could require
sophisticated redesign and construction (involving either a canal built above or tunnel below very soft
substrata). Other sources face more limited technical challenges. Conservation, for example, may require the
development of new technologies to achieve even greater water efficiencies than offered by the current array
of available appliances. Technical issues with groundwater will primarily involve future treatment options. The
technology involved in the storage and use of surface water is expected to change little in the period ahead.
Health and Safety: While all water alternatives, except conservation, carry some health risk, the extent of
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water treatment processes put the quality of both desalinated and recycled potable water at comparatively
high levels. Recycled non-potable water is not treated to the same level of standards because of its
designated applications. Possible contaminants in groundwater, surface water, and from imported sources
put them at a moderate level of health and safety risks, although treatment processes generally ensure that
they are safe to consume.

Social: Social factors reflect the general public attitude towards different water options based either on
confidence in the quality of water or impact on local residents (the “nimby”—"not in my backyard” mentality).
Incorporating potable recycled water into the general water supply could face public resistance, although
attitudes appear to be changing. A 2009 public opinion poll conducted by the San Diego County Water
Authority found that 63% of respondants favor augmenting our potable water supply with recycled water,
compared with only 28% who endorsed that approach in 2005. Desalinated water and recycled non-potable
water plants could face opposition from local residents over possible concerns related to traffic, safety, or
general views of the landscape. The other options face moderate social acceptance. Some consumers may

be starting to be concerned over the pollutant discharges that occur in water from the Colorado River and
Northern California. In the case of conservation, while many Californians see the need to conserve water,
others will need to see a compelling case before they make significant changes in their lifestyles. Groundwater
probably faces relatively little public resistance although there could be some concerns over contamination of
underground aquifers. Surface water probably ranks highest in terms of social acceptance because of its long
history as a community’s water source.

Environment: The different water alternatives can affect various aspects of the environment in addition to
energy and greenhouse gas emissions. The choice of water solutions can impact wildlife, vegetation, and the
general ecosystem. Particularly because of their current and potential impact on various plant and animal
species, both sea water desalination and imported water have relatively high environmental costs. The
tapping of groundwater supplies could also have some significant effects on the environment. Capturing of
surface water has possible environmental implications because of effects on water levels and wildlife habitats.
Conservation clearly has the most positive impact on the environment. Recycling (both potable and non-
potable) also carries benefits by considerably reducing the amount of untreated or only partially treated
effluents that otherwise might be discharged into streams, rivers, and the ocean.

Availability: Availability refers to the amount of water that can be potentially supplied from each source. This
factor measures the amount of the raw material resource assuming that the infrastructure to treat and convey
itisin place. Availability is included in the scoring matrix because of the potential, or lack thereof, of the
various options to play a significant role in meeting San Diego County’s water demands. For example, limited
supplies of both groundwater and surface water suggest that these sources will each account for only a small
percentage of San Diego County’s total usage on an ongoing basis. While San Diego County can be expected
to continue to import large amounts of water, this source could be significantly constrained over time by
global warming, climate change, and less precipitation. Reduced snow accumulations could substantially
restrict the supply of water from the Sacramento-San Joaquin River Delta, while the Colorado River also faces
reduced flows. In contrast, sea water and recycled water (both potable and non-potable) have abundant
sources of supply. Conservation also has significant latitude to achieve changes in water consumption and
practices.

Reliability: Reliability refers to the amount of possible volatility in water supply from the various options.
Many businesses are concerned about the access to a reliable source of water to run their operations, while
individual consumers assume a ready access to water at all times. None of the water sources can be totally
guaranteed. Imported water appears to face the greatest risk because of the possibility of drought conditions
and natural disasters that would result in sea water intrusion in the Sacramento-San Joaquin River Delta or
destroy pipelines and canals either in Northern or Southern California, thus impeding flows to the San Diego
area. Groundwater and surface water face significant swings in availability because of changes in weather,
climate, and precipitation. Desalination and recycling facilities could face temporary disruptions due to



power failures, earthquakes, or technical problems. Even conservation cannot be relied on totally because of
the failure of consumers to adhere to water restrictions or to change their behavior substantially. The inability
of one single water source or option to be completely reliable argues for the importance of a diversified
approach to meeting the region’s water demands.

CONSOLIDATING THE RESULTS

Different water districts may have different priorities and resources. The matrix decision tool discussed in the
previous section and shown as Table 2 allows policymakers and other interested parties to place different
weights on the various factors, such as marginal cost or the environment, as they see appropriate. Using an
equal-weighting scheme, where a simple average is taken of the nine different factors analyzed, the following
results are produced. (See Chart 6.)

Chart 6
Total Factor Rating of San Diego County's Water Alternatives
5.0
4.6
4.0
3.6
3.3 3.3 39
2.7
3.0
2.6

2.0

1.0

0-0 T T T T T T

Conservation Surface Water* Recycled Recycled Non- Groundwater* Desalinated Imported
Potable potable

*These sources do not have significant local capacity Source: FBEI

Conservation appears as the most favorable/lowest cost option, based on this analysis, with a score of 4.6, a
number substantially above that of any of the other alternatives.

Surface water has a moderately high score of 3.6. However, as noted above, it can only be counted on for a
limited amount of the region’s total water supply. Both potable and non-potable recycled water also have
moderately favorable scores of 3.3 each. Groundwater’s 3.2 score is relatively good, but like surface water, it is
likely going to be able to contribute only about 5% to San Diego County’s water consumption in a typical year.

Desalinated and imported water are the least favorable/highest cost options, with ratings of 2.7 and 2.6,
respectively.

v
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An analysis of current and projected marginal costs, energy intensity, social, health, legal, environmental, and
other factors yields clear differences among the water policy options and directions San Diegan water districts
may wish to pursue.

Economic and environmental factors suggest that dependence on imports for about 80% of San Diego
County’s water is neither optimal nor sustainable. While imported water is likely to remain an important
source for the region for some time, diversification into other sources would appear to be necessary. A
combination of different sources would be desirable, rather than relying on one approach. The results of this
study, however, suggest that some approaches may merit more focus than others.

Although sea water desalination still might play a role in meeting our region’s water demands, its high
marginal cost and energy intensity, combined with a number of other considerations, render it the least
favorable option along with imported water. While groundwater and surface water are moderately attractive
alternatives, their limited availability will prohibit them from playing major roles in meeting San Diego
County’s water demands.

Recycled water, both potable and non-potable, has a moderately favorable ranking after considering the
broad array of factors and would appear to have considerable potential in being part of the region’s water
“portfolio.” The biggest constraint facing recycled water treated to potable levels is one of social acceptance.
Clearly, to achieve a significantly higher use of potable recycled water a major educational drive would be
necessary.

For non-potable purposes, the cost of retrofitting the region with a dual-pipe system to accommodate
widespread use of recycled water poses the largest constraint to that source. Locating satellite recycling
plants closer to large water users (such as agricultural entities) or to large numbers of households and
commercial users could help mitigate some of the considerable transportation and distribution costs of
recycled water.

Conservation appears as the most attractive of the seven water solutions analyzed for San Diego County by a
wide margin. These findings suggest that solving San Diego County’s water challenge may rest significantly
on the demand side. For example, previous Equinox Center research revealed that appropriate water pricing
(see www.equinoxcenter.org) is one tool that can spur significant water conservation. More research and
modeling is needed before we can confidently project the extent to which conservation could reduce the
region’s demand for water as the population continues to grow over the next twenty years.
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Forecasters Predict Stronger Labor Market

The outlook for growth in the U.S. economy over the next three years looks mostly unchanged from that of three months
ago, according to 46 forecasters surveyed by the Federal Reserve Bank of Philadelphia. The panel expects real GDP to
grow at an annual rate of 2.1 percent this quarter and 2.3 percent next quarter and to rise to 2.7 percent in the first quarter
of 2014. On an annual-average over annual-average basis, the forecasters see real GDP growing 1.9 percent in 2013,
down slightly from the previous estimate of 2.0 percent. The forecasters predict real GDP will grow 2.8 percent in 2014,
2.9 percent in 2015, and 3.0 percent in 2016.

Healthier conditions in the labor market accompany the nearly stable outlook for real output. The forecasters predict that
the unemployment rate will be an annual average of 7.7 percent in 2013, before falling to 7.2 percent in 2014, 6.7 percent
in 2015, and 6.3 percent in 2016. These projections are below those of the last survey.

The forecasters are also more optimistic about the employment front. They have revised upward their estimates of the
growth in jobs in the next four quarters. The forecasters see nonfarm payroll employment growing at a rate of 165,300
jobs per month this quarter and 154,200 jobs per month next quarter. The forecasters’ projections for the annual-average
level of nonfarm payroll employment suggest job gains at a monthly rate of 164,100 in 2013 and 176,800 in 2014, as the
table below shows. (These annual-average estimates are computed as the year-to-year change in the annual-average level
of nonfarm payroll employment, converted to a monthly rate.)

Median Forecasts for Selected Variables in the Current and Previous Surveys

Real GDP (%) Unemployment Rate (%) Payrolls (000s/month)

Previous New Previous New Previous New

Quarterly data:

2013:Q1 1.7 2.1 7.9 7.8 127.4 165.3

2013:Q2 2.0 2.3 7.8 1.7 146.1 154.2

2013:Q3 2.7 2.6 7.8 7.6 170.2 172.0

2013:04 2.8 25 7.6 7.5 178.3 180.4

2014:Q1 N.A. 2.7 N.A. 7.4 N.A. 1715
Annual data (projections are based on annual-average levels):

2013 2.0 19 7.8 1.7 143.3 164.1

2014 2.7 2.8 7.4 7.2 N.A. 176.8

2015 2.9 2.9 6.9 6.7 N.A. N.A.

2016 N.A. 3.0 N.A. 6.3 N.A. N.A.

RESEARCH DEPARTMENT FEDERAL RESERVE BANK OF PHILADELPHIA
Ten Independence Mall, Philadelphia, PA 19106-1574 * www.philadelphiafed.org




The charts below provide some insight into the degree of uncertainty the forecasters have about their projections for the
rate of growth in the annual-average level of real GDP. Each chart presents the forecasters’ previous and current estimates
of the probability that growth will fall into each of 11 ranges. The forecasters have revised upward their estimate of the
probability that growth will fall into the range of 2.0 to 2.9 percent in 2013, 2014, and 2015.
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The forecasters’ density projections, as shown in the charts below, shed light on the odds of a recovery in the labor market
over the next four years. Each chart for unemployment presents the forecasters’ previous and current estimates of the
probability that unemployment will fall into each of 10 ranges. Consistent with their more optimistic point forecasts on
unemployment, the forecasters have revised upward their estimate of the probability that unemployment will fall below
7.5 percent in 2013, 2014, and 2015.
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Forecasters See Lower Near-Term Inflation

The forecasters expect current-quarter headline CPI inflation to average 1.8 percent, lower than the last survey’s estimate
of 2.1 percent. The forecasters predict current-quarter headline PCE inflation of 1.4 percent, lower than the prediction of
1.8 percent from the survey of three months ago.

The forecasters also see lower headline and core measures of CPI and PCE inflation during the next two years. Measured
on a fourth-quarter over fourth-quarter basis, headline CPI inflation is expected to average 2.0 percent in 2013, down from
2.2 percent in the last survey, and 2.2 percent in 2014, down 0.1 percentage point from the previous estimate. Forecasters
expect fourth-quarter over fourth-quarter headline PCE inflation to average 1.8 percent in 2013, down from 2.0 percent in
the last survey, and 2.0 percent in 2014, down 0.2 percentage point from the previous estimate.

Over the next 10 years, 2013 to 2022, the forecasters expect headline CPI inflation to average 2.3 percent at an annual
rate. The corresponding estimate for 10-year annual-average PCE inflation is 2.0 percent.

Median Short-Run and Long-Run Projections for Inflation (Annualized Percentage Points)

Headline CPI Core CPI Headline PCE Core PCE

Previous Current Previous Current  Previous  Current Previous Current
Quarterly
2013:Q1 2.1 1.8 1.9 1.8 1.8 1.4 1.8 1.4
2013:Q2 2.2 2.1 2.0 2.0 2.0 1.9 1.9 1.7
2013:Q3 2.2 2.1 2.0 2.0 2.0 1.9 1.9 1.8
2013:Q4 2.3 2.1 2.0 2.0 2.1 1.9 1.9 1.7
2014:Q1 N.A. 2.1 N.A. 2.0 N.A. 2.0 N.A. 1.8
Q4/Q4 Annual Averages
2013 2.2 2.0 2.0 1.9 2.0 1.8 1.9 1.6
2014 2.3 2.2 2.2 2.1 2.2 2.0 2.0 1.9
2015 N.A. 2.3 N.A. 2.2 N.A. 2.0 N.A. 1.9
Long-Term Annual Averages
2012-2016 2.28 N.A. N.A. N.A. 2.00 N.A. N.A. N.A.
2013-2017 N.A. 2.30 N.A. N.A. N.A. 2.00 N.A. N.A.
2012-2021 2.30 N.A. N.A. N.A. 2.10 N.A. N.A. N.A.
2013-2022 N.A. 2.30 N.A. N.A. N.A. 2.00 N.A. N.A.



The charts below show the median projections (the red line) and the associated interquartile ranges (the gray area around
the red line) for the projections for the 10-year annual-average CPI and PCE inflation. The top panel shows the unchanged
long-term projection for CPI inflation, at 2.3 percent. The bottom panel highlights the slightly lower 10-year forecast for
PCE inflation at 2.0 percent.
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The figures below show the probabilities that the forecasters are assigning to the possibility that fourth-quarter over
fourth-quarter core PCE inflation in 2013 and 2014 will fall into each of 10 ranges. For 2013, the forecasters assign a
higher chance than previously that core PCE inflation will fall in the range of 1.0 to 1.9 percent (and a lower probability
that inflation will exceed 1.9 percent).
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Lower Risk of a Negative Quarter

The forecasters have revised downward the chance of a contraction in real GDP in any of the next four quarters. For the
current quarter, they predict a 15.3 percent chance of negative growth, down from 23.0 percent in the survey of three
months ago. As the table below shows, the panelists have also made downward revisions to their forecasts for the
following three quarters.

Risk of a Negative Quarter (%)

Quarterly data: Previous New
2013: Q1 23.0 15.3
2013: Q2 21.7 18.0
2013: Q3 17.9 15.2
2013: Q4 16.4 13.6
2014: Q1 N.A. 13.2



Forecasters State Their Views on House Prices

In this survey, a special question asked panelists to provide their forecasts for fourth-quarter over fourth-quarter growth in
house prices, as measured by a number of alternative indices. The panelists were allowed to choose from a provided list of
indices or to write in their own index. For each index of their choosing, the panelists provided forecasts of growth in 2013
and 2014.

Thirty-one panelists answered the special question. Some panelists provided projections for more than one index. The
table below provides a summary of the forecasters’ responses. For some indices, the number of responses (N) is very
small. The median estimates for the six house-price indices listed in the table below range from 2.0 percent to 9.2 percent
in 2013 and 3.9 percent to 7.8 percent in 2014.

Projections for Growth in Various Indices of House Prices
Q4/Q4, Percentage Points

2013 2014
(Q4/Q4 Percent Change) (Q4/Q4 Percent Change)
Index N Mean Median N Mean Median
S&P/Case-Shiller: U.S. National 15 35 3.3 15 35 4.0
S&P/Case-Shiller: Composite 20 6 4.8 4.5 6 4.6 3.9
FHFA: U.S. Total 9 2.6 2.0 9 4.4 4.0
FHFA: Purchase Only 4 2.7 2.8 4 4.1 3.9
CorelLogic: National HPI, incl Distressed Sales
(Single Family Combined) 7 4.8 5.0 7 4.6 4.8
NAR Median: Total Existing 4 8.1 9.2 4 7.4 7.8

Forecasters Reduce Estimates for Long-Run Growth in Output and Productivity and Returns on Financial Assets
In first-quarter surveys, the forecasters provide their long-run projections for an expanded set of variables, including
growth in output and productivity, as well as returns on financial assets.

As the table below shows, the forecasters have reduced their long-run estimates for the annual-average rate of growth in
real GDP. Currently, the forecasters expect real GDP to grow 2.50 percent per year over the next 10 years, down from
2.64 percent in the survey of 2012 Q1.

Similarly, productivity growth is now expected to average 1.80 percent, down from 1.85 percent. Downward revisions to
the return on financial assets accompany the current outlook. The forecasters see the S&P 500 returning an annual-
average 6.13 percent per year over the next 10 years, down from 6.80 percent. The forecasters expect 10-year Treasuries
to return 3.83 percent per year over the next 10 years, down from 4.00 percent. Three-month Treasury bills will return
2.40 percent, down from 2.50 percent.

Long-Term (10-year) Forecasts (%)

First Quarter 2012 Current Survey
Real GDP Growth 2.64 2.50
Productivity Growth 1.85 1.80
Stock Returns (S&P 500) 6.80 6.13
Bond Returns (10-year) 4.00 3.83
Bill Returns (3-month) 2.50 2.40
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SURVEY OF PROFESSIONAL FORECASTERS

SUMMARY TABLE

MAJOR MACROECONOMIC INDICATORS
2013 2013 2013 2013 2014 2013 2014 2015 2016
Q1 Q2 Q3 Q4 Q1 (YEAR-OVER-YEAR)
2.1 2.3 2.6 2.5 2.7 1.9 2.8 2.9 3.0
1.7 1.9 2.1 1.7 2.0 1.7 2.1 N.A.  N.A.
4.0 4.2 4.4 4.3 5.0 3.6 4.7 N.A.  N.A.
1.5 1.4 1.5 1.6 1.5 1.5 1.6 N.A. N.A.
165.3 154.2 172.0 180.4 171.5 164.1 176.8  N.A. N.A.
7.8 7.7 7.6 7.5 7.4 7.7 7.2 6.7 6.3
0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.6 1.7
1.9 2.0 2.1 2.3 2.5 2.1 2.6 3.3 3.8
2013 2013 2013 2013 2014 2013 2014 2015
Q1 Q2 Q3 Q4 Q1 (Q4-0VER-Q4)
1.8 2.1 2.1 21 2.1 2.0 2.2 2.3
1.8 2.0 2.0 2.0 2.0 1.9 2.1 2.2
1.4 1.9 1.9 1.9 2.0 1.8 2.0 2.0
1.4 1.7 1.8 1.7 1.8 1.6 1.9 1.9

INDIVIDUAL FORECASTERS.

SOURCE: RESEARCH DEPARTMENT, FEDERAL RESERVE BANK OF PHILADELPHIA.

SURVEY OF PROFESSIONAL FORECASTERS, FIRST QUARTER 2013.



SURVEY OF PROFESSIONAL FORECASTERS

First Quarter 2013

Tables

Note: Data in these tables listed as "actual™ are the data that were available to the forecasters when they were
sent the survey questionnaire on January 30; the tables do not reflect subsequent revisions to the data. All
forecasts were received on or before February 11, 2013.
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TABLE ONE
MAJOR MACROECONOMIC INDICATORS
MEDIANS OF FORECASTER PREDICTIONS

ACTUAL FORECAST ACTUAL FORECAST
NUMBER
OF 2012 2013 2013 2013 2013 2014 2012 2013 2014 2015 2016
FORECASTERS Q4 Q1 Q2 Q3 Q4 Q1  ANNUAL ANNUAL ANNUAL ANNUAL ANNUAL
1. GROSS DOMESTIC PRODUCT (GDP) 42 15829 15986 16150 16325 16499 16700 15676 16239 16997  N.A. N.A.
($ BILLIONS)
2. GDP PRICE INDEX 43 115.98 116.47 117.02 117.63 118.14 118.72 115.36 117.32 119.79  N.A. N.A.
(2005=100)
3. CORPORATE PROFITS AFTER TAXES 21 N.A. 1536.0 1545.8 1577.1 1587.5 1612.1 N.A. 1570.6 1669.8  N.A. N.A.
($ BILLIONS)
4. UNEMPLOYMENT RATE 44 7.8 7.8 7.7 7.6 7.5 7.4 8.1 7.7 7.2 6.7 6.3
(PERCENT)
5. NONFARM PAYROLL EMPLOYMENT 38 133864 134360 134822 135338 135879 136394 133241 135210 137332  N.A. N.A.
(THOUSANDS)
6. INDUSTRIAL PRODUCTION 39 97.6 98.3  99.1 100.0 100.8 101.7 97.2  99.5 102.9  N.A. N.A.
(2007=100)
7. NEW PRIVATE HOUSING STARTS 41 0.90 0.92 0.95 0.98 1.03  1.09 0.78  0.97  1.17  N.A. N.A.
(ANNUAL RATE, MILLIONS)
8. 3-MONTH TREASURY BILL RATE 42 0.09 0.10 0.10 0.10 0.10 0.11 0.09 0.10 0.16 0.55  1.69
(PERCENT)
9. AAA CORPORATE BOND YIELD 34 3.54 3.73 3.80 3.90 4.04 4.15 3.67 3.85 4.30  N.A. N.A.
(PERCENT)
10. BAA CORPORATE BOND YIELD 33 4.57 4.80 4.82 4.96 5.05 5.17 4.94 491 552 N.A. N.A.
(PERCENT)
11. 10-YEAR TREASURY BOND YIELD 42 1.71 1.91 2.00 2.14 229 2.45 1.80 2.10 2.60 3.25 3.75
(PERCENT)
12. REAL GDP 45 13648 13720 13799 13888 13973 14067 13589 13847 14229 14640 15072
(BILLIONS, CHAIN WEIGHTED)
13. TOTAL CONSUMPTION EXPENDITURE 43  9671.9 9710.5 9757.0 9813.6 9872.7 9937.7 9605.3 9789.2 10023.5  N.A. N.A.
(BILLIONS, CHAIN WEIGHTED)
14. NONRESIDENTIAL FIXED INVESTMENT 41  1506.2 1518.9 1539.3 1564.3 1587.6 1608.1 1483.8 1553.3 1646.7  N.A. N.A.
(BILLIONS, CHAIN WEIGHTED)
15. RESIDENTIAL FIXED INVESTMENT 41 384.3  396.1 408.8 421.3 434.5 450.1  366.6 415.5 466.3  N.A. N.A.
(BILLIONS, CHAIN WEIGHTED)
16. FEDERAL GOVERNMENT C & I 40  1004.4 1004.3 1002.9 1003.0 998.0 995.3 1024.0 1001.6 992.8  N.A. N.A.
(BILLIONS, CHAIN WEIGHTED)
17. STATE AND LOCAL GOVT C & I 40  1460.2 1458.8 1458.7 1460.1 1463.1 1463.0 1462.4 1459.5 1469.0  N.A. N.A.
(BILLIONS, CHAIN WEIGHTED)
18. CHANGE IN PRIVATE INVENTORIES 40 20.0 36.9 41.1  43.7 450 45.0 44.6 42,5 445  N.A. N.A.
(BILLIONS, CHAIN WEIGHTED)
19. NET EXPORTS 41 -404.0 -404.3 -404.2 -410.0 -411.1 -409.2 -405.6 -406.3 -408.8  N.A. N.A.

SOURCE: RESEARCH DEPARTMENT, FEDERAL RESERVE BANK OF PHILADELPHIA.

(BILLIONS, CHAIN WEIGHTED)

SU
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TABLE TWO
MAJOR MACROECONOMIC
PERCENTAGE CHANGES AT ANNUAL RATES

INDICATORS

NUMBER Q4 2012 Q1 2013 Q2 2013 Q3 2013 Q4 2013 2012 2013 2014 2015
OF TO TO TO TO TO TO TO TO TO
FORECASTERS Q1 2013 Q2 2013 Q3 2013 Q4 2013 Q1 2014 2013 2014 2015 2016
1. GROSS DOMESTIC PRODUCT (GDP) 42 4.0 4.2 4.4 4.3 5.0 3.6 4.7 N.A. N.A.
($ BILLIONS)
2. GDP PRICE INDEX 43 1.7 1.9 2.1 1.7 2.0 1.7 2.1 N_A. N.A.
(2005=100)
3. CORPORATE PROFITS AFTER TAXES 21 5.7 2.6 8.4 2.7 6.3 5.3 6.3 N_A. N.A.
($ BILLIONS)
4. UNEMPLOYMENT RATE 44 0.0 -0.1 -0.1 -0.1 -0.1 -0.4 -0.4 -0.5 -0.5
(PERCENT)
5. NONFARM PAYROLL EMPLOYMENT
(PERCENT CHANGE) 38 1.5 1.4 1.5 1.6 1.5 1.5 1.6 N.A. N.A.
(AVG MONTHLY CHANGE) 38 165.3  154.2  172.0  180.4  171.5 164.1  176.8 N.A. N.A.
6. INDUSTRIAL PRODUCTION 39 3.0 3.3 3.6 3.4 3.4 2.4 3.3 N.A. N.A.
(2007=100)
7. NEW PRIVATE HOUSING STARTS 41 9.2 14.7 13.2 22.0 23.2 24.6 20.2 N.A. N.A.
(ANNUAL RATE, MILLIONS)
8. 3-MONTH TREASURY BILL RATE 42 0.01 0.00 0.00 0.00 0.01 0.01 0.06 0.39 1.14
(PERCENT)
9. AAA CORPORATE BOND YIELD 34 0.19 0.07 0.10 0.15 0.11 0.18 0.45 N.A. N.A.
(PERCENT)
10. BAA CORPORATE BOND YIELD 33 0.23 0.02 0.14 0.09 0.12 -0.04 0.61 N_A. N.A.
(PERCENT)
11. 10-YEAR TREASURY BOND YIELD 42 0.19 0.10 0.14 0.16 0.16 0.30 0.50 0.65 0.50
(PERCENT)
12. REAL GDP 45 2.1 2.3 2.6 2.5 2.7 1.9 2.8 2.9 3.0
(BILLIONS, CHAIN WEIGHTED)
13. TOTAL CONSUMPTION EXPENDITURE 43 1.6 1.9 2.3 2.4 2.7 1.9 2.4 N_A. N.A.
(BILLIONS, CHAIN WEIGHTED)
14. NONRESIDENTIAL FIXED INVESTMENT 41 3.4 5.5 6.7 6.1 5.3 4.7 6.0 N.A. N.A.
(BILLIONS, CHAIN WEIGHTED)
15. RESIDENTIAL FIXED INVESTMENT 41 12.9 13.4 12.9 13.1 15.2 13.4 12.2 N.A. N.A.
(BILLIONS, CHAIN WEIGHTED)
16. FEDERAL GOVERNMENT C & 1 40 -0.0 -0.6 0.0 -2.0 -1.1 -2.2 -0.9 N.A. N.A.
(BILLIONS, CHAIN WEIGHTED)
17. STATE AND LOCAL GOVT C & I 40 -0.4 -0.0 0.4 0.8 -0.0 -0.2 0.6 N.A. N.A.
(BILLIONS, CHAIN WEIGHTED)
18. CHANGE IN PRIVATE INVENTORIES 40 16.9 4.2 2.6 1.3 0.0 -2.1 2.0 N_A. N.A.
(BILLIONS, CHAIN WEIGHTED)
19. NET EXPORTS 41 -0.3 0.1 -5.8 -1.1 1.9 -0.7 -2.5 N_A. N.A.

(BILLIONS, CHAIN WEIGHTED)

NOTE: FIGURES FOR UNEMPLOYMENT RATE, TREASURY BILL RATE, AAA CORPORATE BOND YIELD, BAA CORPORATE BOND YIELD,

AND 10-YEAR TREASURY BOND YIELD ARE CHANGES IN THESE RATES,
FIGURES FOR CHANGE IN PRIVATE
ALL OTHERS ARE PERCENTAGE CHANGES AT ANNUAL RATES.

IN PERCENTAGE POINTS.
INVENTORIES AND NET EXPORTS ARE CHANGES

IN BILLIONS OF CHAIN-WEIGHTED DOLLARS.

SOURCE: RESEARCH DEPARTMENT, FEDERAL RESERVE BANK OF PHILADELPHIA. SURVEY OF PROFESSIONAL FORECASTERS, FIRST QUARTER 2013.
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TABLE THREE
MAJOR PRICE INDICATORS
MEDIANS OF FORECASTER PREDICTIONS

ACTUAL FORECAST(Q/Q) ACTUAL FORECAST(Q4/Q4)
NUMBER

OF 2012 2013 2013 2013 2013 2014 2012 2013 2014 2015

FORECASTERS 04 Q1 Q2 Q3 04 Q1 ANNUAL  ANNUAL  ANNUAL  ANNUAL

1. CONSUMER PRICE INDEX 43 2.1 1.8 2.1 2.1 2.1 2.1 1.9 2.0 2.2 2.3
(ANNUAL RATE)

2. CORE CONSUMER PRICE INDEX 41 1.6 1.8 2.0 2.0 2.0 2.0 1.9 1.9 2.1 2.2
(ANNUAL RATE)

3. PCE PRICE INDEX 38 1.2 1.4 1.9 1.9 1.9 2.0 1.5 1.8 2.0 2.0
(ANNUAL RATE)

4. CORE PCE PRICE INDEX 39 0.9 1.4 1.7 1.8 1.7 1.8 1.5 1.6 1.9 1.9

(ANNUAL RATE)

SOURCE: RESEARCH DEPARTMENT, FEDERAL RESERVE BANK OF PHILADELPHIA. SURVEY OF PROFESSIONAL FORECASTERS, FIRST QUARTER 2013.
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TABLE FOUR
ESTIMATED PROBABILITY OF DECLINE IN REAL GDP

ESTIMATED Q4 2012 Q1 2013 Q2 2013 Q3 2013 Q4 2013
PROBABILITY TO TO TO TO TO
(CHANCES IN 100) Q1 2013 Q2 2013 Q3 2013 Q4 2013 Q1 2014

NUMBER OF FORECASTERS

12 13 21
16 22 15

N
N

81 TO 90
91 AND OVER
NOT REPORTING
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MEAN AND MEDIAN

MEDIAN PROBABILITY 10.00 16.00 15.00 10.00 10.00
MEAN PROBABILITY 15.32 17.99 15.21 13.64 13.16

NOTE: TOTAL NUMBER OF FORECASTERS REPORTING 1S 41.
SOURCE: RESEARCH DEPARTMENT, FEDERAL RESERVE BANK OF PHILADELPHIA.
SURVEY OF PROFESSIONAL FORECASTERS, FIRST QUARTER 2013.
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TABLE FIVE
MEAN PROBABILITIES

MEAN PROBABILITY ATTACHED TO POSSIBLE
CIVILIAN UNEMPLOYMENT RATES:
(ANNUAL AVERAGE)

2013 2014 2015 2016

OR MORE 0.00 0.13 0.16 0.00

PERCENT 0.01 0.15 0.18 0.18

PERCENT 0.18 0.16 0.19 0.20

PERCENT 0.50 0.44 0.42 0.41

PERCENT 2.98 1.88 1.10 0.87

PERCENT 18.35 9.38 6.04 4.78

PERCENT  52.04 29.59 13.34 9.92

PERCENT  21.85 35.30 28.55 20.28

PERCENT 3.96 20.31 38.03 42.74

PERCENT 0.13 2.68 11.98 20.60

MEAN PROBABILITY ATTACHED TO POSSIBLE
PERCENT CHANGES IN REAL GDP:
(ANNUAL-AVERAGE OVER ANNUAL-AVERAGE)
2012-2013 2013-2014 2014-2015 2015-2016

E 0.02 0.21 0.62 0.45

0.14 1.38 2.84 2.15

1.74 6.08 9.38 8.19

10.12 22.28 25.24 26.78

42.98 42 .50 34.83 35.38

33.35 19.65 18.85 17.59

7.84 5.42 5.61 6.99

1 2.80 2.01 1.90 1.74

1 0.95 0.38 0.51 0.42

1 0.06 0.08 0.21 0.28

0 0.00 0.01 0.01 0.05

MEAN PROBABILITY ATTACHED TO POSSIBLE
PERCENT CHANGES IN GDP PRICE INDEX:
(ANNUAL-AVERAGE OVER ANNUAL-AVERAGE)

2012-2013 2013-2014

E 0.00 0.00
0.00 0.00

0.00 0.02

0.11 0.13

0.82 2.00

5.23 8.98

35.89 44 .02

49.34 36.90

7.84 7.07

NE 0.78 0.86

SEARCH DEPARTMENT, FEDERAL RESERVE BANK OF PHILADELPHIA.
RVEY OF PROFESSIONAL FORECASTERS, FIRST QUARTER 2013.

15



TABLE SIX
MEAN PROBABILITY OF CORE CPI AND CORE PCE INFLATION (Q4/Q4)

MEAN PROBABILITY ATTACHED TO CORE CPI INFLATION:

1204 TO 13Q4 1304 TO 1404

4 PERCENT OR MORE 0.05 0.35
3.5 TO 3.9 PERCENT 0.50 0.73
3.0 TO 3.4 PERCENT 2.86 5.60
2.5 TO 2.9 PERCENT 10.27 15.55
2.0 TO 2.4 PERCENT 30.49 32.55
1.5 TO 1.9 PERCENT 40.36 31.51
1.0 TO 1.4 PERCENT 12.94 10.29
0.5 TO 0.9 PERCENT 1.77 2.62
0.0 TO 0.4 PERCENT 0.34 0.53
WILL DECLINE 0.42 0.28

MEAN PROBABILITY ATTACHED TO CORE PCE INFLATION:

1204 TO 13Q4 1304 TO 14Q4

4 PERCENT OR MORE 0.00 0.03
3.5 TO 3.9 PERCENT 0.29 0.37
3.0 TO 3.4 PERCENT 2.14 3.01
2.5 TO 2.9 PERCENT 6.46 11.40
2.0 TO 2.4 PERCENT 26.68 31.74
1.5 TO 1.9 PERCENT 41.32 35.88
1.0 TO 1.4 PERCENT 18.51 13.26
0.5 TO 0.9 PERCENT 3.97 3.25
0.0 TO 0.4 PERCENT 0.52 0.70
WILL DECLINE 0.10 0.36

SOURCE: RESEARCH DEPARTMENT, FEDERAL RESERVE BANK OF PHILADELPHIA.
SURVEY OF PROFESSIONAL FORECASTERS, FIRST QUARTER 2013.
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TABLE SEVEN

ANNUAL AVERAGE OVER THE NEXT 5 YEARS: 2013-2017

CP1 INFLATION RATE

PCE INFLATION RATE

MINIMUM 0.60 MINIMUM 0.61
LOWER QUARTILE 2.00 LOWER QUARTILE 1.80
MEDIAN 2.30 MEDIAN 2.00
UPPER QUARTILE 2.50 UPPER QUARTILE 2.30
MAXTMUM 3.10 MAXTMUM 2.80
MEAN 2.24 MEAN 2.01
STD. DEVIATION 0.45 STD. DEVIATION 0.41
N 40 N 38
MISSING 6 MISSING 8
ANNUAL AVERAGE OVER THE NEXT 10 YEARS: 2013-2022

CP1 INFLATION RATE PCE INFLATION RATE
MINIMUM 0.97 MINIMUM 0.99
LOWER QUARTILE 2.05 LOWER QUARTILE 1.90
MEDIAN 2.30 MEDIAN 2.00
UPPER QUARTILE 2.60 UPPER QUARTILE 2.40
MAXTMUM 3.50 MAXTMUM 3.00
MEAN 2.33 MEAN 2.12
STD. DEVIATION 0.45 STD. DEVIATION 0.40
N 39 N 37
MISSING 7 MISSING 9
REAL GDP GROWTH RATE PRODUCTIVITY GROWTH RATE
MINIMUM 1.75 MINIMUM 0.90
LOWER QUARTILE 2.43 LOWER QUARTILE 1.50
MEDIAN 2.50 MEDIAN 1.80
UPPER QUARTILE 2.80 UPPER QUARTILE 2.20
MAXTMUM 3.50 MAXTMUM 3.00
MEAN 2.57 MEAN 1.86
STD. DEVIATION 0.35 STD. DEVIATION 0.51
N 37 N 30
MISSING 9 MISSING 16

STOCK RETURNS (S&P 500)

MINIMUM 4.00
LOWER QUARTILE 5.05
MEDIAN 6.13
UPPER QUARTILE 6.95
MAXTMUM 10.00
MEAN 6.15
STD. DEVIATION 1.58
N 24
MISSING 22

BOND RETURNS (10-YEAR)

MINIMUM 1.90
LOWER QUARTILE 2.75
MEDIAN 3.83
UPPER QUARTILE 4.30
MAXTMUM 7.00
MEAN 3.70
STD. DEVIATION 1.32
N 26
MISSING 20

LONG-TERM (5-YEAR AND 10-YEAR) FORECASTS

BILL RETURNS (3-MONTH)

MINIMUM 0.50
LOWER QUARTILE 1.80
MEDIAN 2.40
UPPER QUARTILE 2.85
MAXTMUM 4.25
MEAN 2.46
STD. DEVIATION 0.98
N 25
MISSING 21

SOURCE: RESEARCH DEPARTMENT, FEDERAL RESERVE BANK OF PHILADELPHIA.
SURVEY OF PROFESSIONAL FORECASTERS, FIRST QUARTER 2013.
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Executive Summary

Under Executive Order 12866, agencies are required, to the extent permitted by law, “to assess both the
costs and the benefits of the intended regulation and, recognizing that some costs and benefits are
difficult to quantify, propose or adopt a regulation only upon a reasoned determination that the
benefits of the intended regulation justify its costs.” The purpose of the “social cost of carbon” (SCC)
estimates presented here is to allow agencies to incorporate the social benefits of reducing carbon
dioxide (CO,) emissions into cost-benefit analyses of regulatory actions that have small, or “marginal,”
impacts on cumulative global emissions. The estimates are presented with an acknowledgement of the
many uncertainties involved and with a clear understanding that they should be updated over time to
reflect increasing knowledge of the science and economics of climate impacts.

The SCC is an estimate of the monetized damages associated with an incremental increase in carbon
emissions in a given year. It is intended to include (but is not limited to) changes in net agricultural
productivity, human health, property damages from increased flood risk, and the value of ecosystem
services due to climate change.

This document presents a summary of the interagency process that developed these SCC estimates.
Technical experts from numerous agencies met on a regular basis to consider public comments, explore
the technical literature in relevant fields, and discuss key model inputs and assumptions. The main
objective of this process was to develop a range of SCC values using a defensible set of input
assumptions grounded in the existing scientific and economic literatures. In this way, key uncertainties
and model differences transparently and consistently inform the range of SCC estimates used in the
rulemaking process.

The interagency group selected four SCC values for use in regulatory analyses. Three values are based
on the average SCC from three integrated assessment models, at discount rates of 2.5, 3, and 5 percent.
The fourth value, which represents the 95" percentile SCC estimate across all three models at a 3
percent discount rate, is included to represent higher-than-expected impacts from temperature change
further out in the tails of the SCC distribution.

Social Cost of CO,, 2010 — 2050 (in 2007 dollars)

Discount Rate 5% 3% 2.5% 3%
Year Avg Avg Avg 95th
2010 4.7 . 214 351 i 649
2015 5.7 . 238 | 384 | 728
2020 6.8 . 263 | 417 | 807
2025 82 | 296 | 459 | 904
2030 9.7 . 328 | 500 | 1000
2035 112 | 360 | 542 | 109.7
2040 127 | 392 | 584 | 1193
2045 142 ¢ 421 i 617 | 1278
2050 157 | 449 | 650 | 1362




. Monetizing Carbon Dioxide Emissions

The “social cost of carbon” (SCC) is an estimate of the monetized damages associated with an
incremental increase in carbon emissions in a given year. It is intended to include (but is not limited to)
changes in net agricultural productivity, human health, property damages from increased flood risk, and
the value of ecosystem services. We report estimates of the social cost of carbon in dollars per metric
ton of carbon dioxide throughout this document.*

When attempting to assess the incremental economic impacts of carbon dioxide emissions, the analyst
faces a number of serious challenges. A recent report from the National Academies of Science (NRC
2009) points out that any assessment will suffer from uncertainty, speculation, and lack of information
about (1) future emissions of greenhouse gases, (2) the effects of past and future emissions on the
climate system, (3) the impact of changes in climate on the physical and biological environment, and (4)
the translation of these environmental impacts into economic damages. As a result, any effort to
quantify and monetize the harms associated with climate change will raise serious questions of science,
economics, and ethics and should be viewed as provisional.

Despite the serious limits of both quantification and monetization, SCC estimates can be useful in
estimating the social benefits of reducing carbon dioxide emissions. Under Executive Order 12866,
agencies are required, to the extent permitted by law, “to assess both the costs and the benefits of the
intended regulation and, recognizing that some costs and benefits are difficult to quantify, propose or
adopt a regulation only upon a reasoned determination that the benefits of the intended regulation
justify its costs.” The purpose of the SCC estimates presented here is to make it possible for agencies to
incorporate the social benefits from reducing carbon dioxide emissions into cost-benefit analyses of
regulatory actions that have small, or “marginal,” impacts on cumulative global emissions. Most federal
regulatory actions can be expected to have marginal impacts on global emissions.

For such policies, the benefits from reduced (or costs from increased) emissions in any future year can
be estimated by multiplying the change in emissions in that year by the SCC value appropriate for that
year. The net present value of the benefits can then be calculated by multiplying each of these future
benefits by an appropriate discount factor and summing across all affected years. This approach
assumes that the marginal damages from increased emissions are constant for small departures from
the baseline emissions path, an approximation that is reasonable for policies that have effects on
emissions that are small relative to cumulative global carbon dioxide emissions. For policies that have a
large (non-marginal) impact on global cumulative emissions, there is a separate question of whether the
SCC is an appropriate tool for calculating the benefits of reduced emissions; we do not attempt to
answer that question here.

An interagency group convened on a regular basis to consider public comments, explore the technical
literature in relevant fields, and discuss key inputs and assumptions in order to generate SCC estimates.
Agencies that actively participated in the interagency process include the Environmental Protection

Yn this document, we present all values of the SCC as the cost per metric ton of CO, emissions. Alternatively, one
could report the SCC as the cost per metric ton of carbon emissions. The multiplier for translating between mass of
CO, and the mass of carbon is 3.67 (the molecular weight of CO, divided by the molecular weight of carbon =
44/12 = 3.67).
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Agency, and the Departments of Agriculture, Commerce, Energy, Transportation, and Treasury. This
process was convened by the Council of Economic Advisers and the Office of Management and Budget,
with active participation and regular input from the Council on Environmental Quality, National
Economic Council, Office of Energy and Climate Change, and Office of Science and Technology Policy.
The main objective of this process was to develop a range of SCC values using a defensible set of input
assumptions that are grounded in the existing literature. In this way, key uncertainties and model
differences can more transparently and consistently inform the range of SCC estimates used in the
rulemaking process.

The interagency group selected four SCC estimates for use in regulatory analyses. For 2010, these
estimates are $5, $21, $35, and $65 (in 2007 dollars). The first three estimates are based on the average
SCC across models and socio-economic and emissions scenarios at the 5, 3, and 2.5 percent discount
rates, respectively. The fourth value is included to represent the higher-than-expected impacts from
temperature change further out in the tails of the SCC distribution. For this purpose, we use the SCC
value for the 95" percentile at a 3 percent discount rate. The central value is the average SCC across
models at the 3 percent discount rate. For purposes of capturing the uncertainties involved in
regulatory impact analysis, we emphasize the importance and value of considering the full range. These
SCC estimates also grow over time. For instance, the central value increases to $24 per ton of CO, in
2015 and $26 per ton of CO, in 2020. See Appendix A for the full range of annual SCC estimates from
2010 to 2050.

It is important to emphasize that the interagency process is committed to updating these estimates as
the science and economic understanding of climate change and its impacts on society improves over
time. Specifically, we have set a preliminary goal of revisiting the SCC values within two years or at such
time as substantially updated models become available, and to continue to support research in this
area. In the meantime, we will continue to explore the issues raised in this document and consider
public comments as part of the ongoing interagency process.

. Social Cost of Carbon Values Used in Past Regulatory Analyses

To date, economic analyses for Federal regulations have used a wide range of values to estimate the
benefits associated with reducing carbon dioxide emissions. In the final model year 2011 CAFE rule, the
Department of Transportation (DOT) used both a “domestic” SCC value of $2 per ton of CO, and a
“global” SCC value of $33 per ton of CO, for 2007 emission reductions (in 2007 dollars), increasing both
values at 2.4 percent per year. It also included a sensitivity analysis at $80 per ton of CO,. A domestic
SCC value is meant to reflect the value of damages in the United States resulting from a unit change in
carbon dioxide emissions, while a global SCC value is meant to reflect the value of damages worldwide.

A 2008 regulation proposed by DOT assumed a domestic SCC value of $7 per ton CO, (in 2006 dollars)
for 2011 emission reductions (with a range of $0-$14 for sensitivity analysis), also increasing at 2.4
percent per year. A regulation finalized by DOE in October of 2008 used a domestic SCC range of $0 to
$20 per ton CO, for 2007 emission reductions (in 2007 dollars). In addition, EPA’s 2008 Advance Notice
of Proposed Rulemaking for Greenhouse Gases identified what it described as “very preliminary” SCC
estimates subject to revision. EPA’s global mean values were $68 and $40 per ton CO, for discount rates
of approximately 2 percent and 3 percent, respectively (in 2006 dollars for 2007 emissions).



In 2009, an interagency process was initiated to offer a preliminary assessment of how best to quantify
the benefits from reducing carbon dioxide emissions. To ensure consistency in how benefits are
evaluated across agencies, the Administration sought to develop a transparent and defensible method,
specifically designed for the rulemaking process, to quantify avoided climate change damages from
reduced CO, emissions. The interagency group did not undertake any original analysis. Instead, it
combined SCC estimates from the existing literature to use as interim values until a more
comprehensive analysis could be conducted.

The outcome of the preliminary assessment by the interagency group was a set of five interim values:
global SCC estimates for 2007 (in 2006 dollars) of $55, $33, $19, $10, and S5 per ton of CO, The $33 and
S5 values represented model-weighted means of the published estimates produced from the most
recently available versions of three integrated assessment models—DICE, PAGE, and FUND—at
approximately 3 and 5 percent discount rates. The $55 and $10 values were derived by adjusting the
published estimates for uncertainty in the discount rate (using factors developed by Newell and Pizer
(2003)) at 3 and 5 percent discount rates, respectively. The $19 value was chosen as a central value
between the $5 and $33 per ton estimates. All of these values were assumed to increase at 3 percent
annually to represent growth in incremental damages over time as the magnitude of climate change
increases.

These interim values represent the first sustained interagency effort within the U.S. government to
develop an SCC for use in regulatory analysis. The results of this preliminary effort were presented in
several proposed and final rules and were offered for public comment in connection with proposed
rules, including the joint EPA-DOT fuel economy and CO, tailpipe emission proposed rules.

M. Approach and Key Assumptions

Since the release of the interim values, interagency group has reconvened on a regular basis to generate
improved SCC estimates. Specifically, the group has considered public comments and further explored
the technical literature in relevant fields. This section details the several choices and assumptions that
underlie the resulting estimates of the SCC.

It is important to recognize that a number of key uncertainties remain, and that current SCC estimates
should be treated as provisional and revisable since they will evolve with improved scientific and
economic understanding. The interagency group also recognizes that the existing models are imperfect
and incomplete. The National Academy of Science (2009) points out that there is tension between the
goal of producing quantified estimates of the economic damages from an incremental ton of carbon and
the limits of existing efforts to model these effects. Throughout this document, we highlight a number
of concerns and problems that should be addressed by the research community, including research
programs housed in many of the agencies participating in the interagency process to estimate the SCC.

The U.S. Government will periodically review and reconsider estimates of the SCC used for cost-benefit
analyses to reflect increasing knowledge of the science and economics of climate impacts, as well as
improvements in modeling. In this context, statements recognizing the limitations of the analysis and
calling for further research take on exceptional significance. The interagency group offers the new SCC
values with all due humility about the uncertainties embedded in them and with a sincere promise to
continue work to improve them.



A. Integrated Assessment Models

We rely on three integrated assessment models (IAMs) commonly used to estimate the SCC: the FUND,
DICE, and PAGE models.”> These models are frequently cited in the peer-reviewed literature and used in
the IPCC assessment. Each model is given equal weight in the SCC values developed through this
process, bearing in mind their different limitations (discussed below).

These models are useful because they combine climate processes, economic growth, and feedbacks
between the climate and the global economy into a single modeling framework. At the same time, they
gain this advantage at the expense of a more detailed representation of the underlying climatic and
economic systems. DICE, PAGE, and FUND all take stylized, reduced-form approaches (see NRC 2009 for
a more detailed discussion; see Nordhaus 2008 on the possible advantages of this approach). Other
IAMs may better reflect the complexity of the science in their modeling frameworks but do not link
physical impacts to economic damages. There is currently a limited amount of research linking climate
impacts to economic damages, which makes this exercise even more difficult. Underlying the three
IAMs selected for this exercise are a number of simplifying assumptions and judgments reflecting the
various modelers’ best attempts to synthesize the available scientific and economic research
characterizing these relationships.

The three IAMs translate emissions into changes in atmospheric greenhouse concentrations,
atmospheric concentrations into changes in temperature, and changes in temperature into economic
damages. The emissions projections used in the models are based on specified socio-economic (GDP
and population) pathways. These emissions are translated into concentrations using the carbon cycle
built into each model, and concentrations are translated into warming based on each model’s simplified
representation of the climate and a key parameter, climate sensitivity. Each model uses a different
approach to translate warming into damages. Finally, transforming the stream of economic damages
over time into a single value requires judgments about how to discount them.

Each model takes a slightly different approach to model how changes in emissions result in changes in
economic damages. In PAGE, for example, the consumption-equivalent damages in each period are
calculated as a fraction of GDP, depending on the temperature in that period relative to the pre-
industrial average temperature in each region. In FUND, damages in each period also depend on the
rate of temperature change from the prior period. In DICE, temperature affects both consumption and
investment. We describe each model in greater detail here. In a later section, we discuss key gaps in
how the models account for various scientific and economic processes (e.g. the probability of
catastrophe, and the ability to adapt to climate change and the physical changes it causes).

% The DICE (Dynamic Integrated Climate and Economy) model by William Nordhaus evolved from a series of energy
models and was first presented in 1990 (Nordhaus and Boyer 2000, Nordhaus 2008). The PAGE (Policy Analysis of
the Greenhouse Effect) model was developed by Chris Hope in 1991 for use by European decision-makers in
assessing the marginal impact of carbon emissions (Hope 2006, Hope 2008). The FUND (Climate Framework for
Uncertainty, Negotiation, and Distribution) model, developed by Richard Tol in the early 1990s, originally to study
international capital transfers in climate policy. is now widely used to study climate impacts (e.g., Tol 2002a, Tol
2002b, Anthoff et al. 2009, Tol 2009).
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The parameters and assumptions embedded in the three models vary widely. A key objective of the
interagency process was to enable a consistent exploration of the three models while respecting the
different approaches to quantifying damages taken by the key modelers in the field. An extensive
review of the literature was conducted to select three sets of input parameters for these models:
climate sensitivity, socio-economic and emissions trajectories, and discount rates. A probability
distribution for climate sensitivity was specified as an input into all three models. In addition, the
interagency group used a range of scenarios for the socio-economic parameters and a range of values
for the discount rate. All other model features were left unchanged, relying on the model developers’
best estimates and judgments. In DICE, these parameters are handled deterministically and represented
by fixed constants; in PAGE, most parameters are represented by probability distributions. FUND was
also run in a mode in which parameters were treated probabilistically.

The sensitivity of the results to other aspects of the models (e.g. the carbon cycle or damage function) is
also important to explore in the context of future revisions to the SCC but has not been incorporated
into these estimates. Areas for future research are highlighted at the end of this document.

The DICE Model

The DICE model is an optimal growth model based on a global production function with an extra stock
variable (atmospheric carbon dioxide concentrations). Emission reductions are treated as analogous to
investment in “natural capital.” By investing in natural capital today through reductions in emissions—
implying reduced consumption—harmful effects of climate change can be avoided and future
consumption thereby increased.

For purposes of estimating the SCC, carbon dioxide emissions are a function of global GDP and the
carbon intensity of economic output, with the latter declining over time due to technological progress.
The DICE damage function links global average temperature to the overall impact on the world
economy. It varies quadratically with temperature change to capture the more rapid increase in
damages expected to occur under more extreme climate change, and is calibrated to include the effects
of warming on the production of market and nonmarket goods and services. It incorporates impacts on
agriculture, coastal areas (due to sea level rise), “other vulnerable market sectors” (based primarily on
changes in energy use), human health (based on climate-related diseases, such as malaria and dengue
fever, and pollution), non-market amenities (based on outdoor recreation), and human settlements and
ecosystems. The DICE damage function also includes the expected value of damages associated with
low probability, high impact “catastrophic” climate change. This last component is calibrated based on a
survey of experts (Nordhaus 1994). The expected value of these impacts is then added to the other
market and non-market impacts mentioned above.

No structural components of the DICE model represent adaptation explicitly, though it is included
implicitly through the choice of studies used to calibrate the aggregate damage function. For example,
its agricultural impact estimates assume that farmers can adjust land use decisions in response to
changing climate conditions, and its health impact estimates assume improvements in healthcare over
time. In addition, the small impacts on forestry, water systems, construction, fisheries, and outdoor
recreation imply optimistic and costless adaptation in these sectors (Nordhaus and Boyer, 2000; Warren
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et al., 2006). Costs of resettlement due to sea level rise are incorporated into damage estimates, but
their magnitude is not clearly reported. Mastrandrea’s (2009) review concludes that “in general, DICE
assumes very effective adaptation, and largely ignores adaptation costs."

Note that the damage function in DICE has a somewhat different meaning from the damage functions in
FUND and PAGE. Because GDP is endogenous in DICE and because damages in a given year reduce
investment in that year, damages propagate forward in time and reduce GDP in future years. In
contrast, GDP is exogenous in FUND and PAGE, so damages in any given year do not propagate forward.?

The PAGE Model

PAGE2002 (version 1.4epm) treats GDP growth as exogenous. It divides impacts into economic, non-
economic, and catastrophic categories and calculates these impacts separately for eight geographic
regions. Damages in each region are expressed as a fraction of output, where the fraction lost depends
on the temperature change in each region. Damages are expressed as power functions of temperature
change. The exponents of the damage function are the same in all regions but are treated as uncertain,
with values ranging from 1 to 3 (instead of being fixed at 2 as in DICE).

PAGE2002 includes the consequences of catastrophic events in a separate damage sub-function. Unlike
DICE, PAGE2002 models these events probabilistically. The probability of a “discontinuity” (i.e., a
catastrophic event) is assumed to increase with temperature above a specified threshold. The threshold
temperature, the rate at which the probability of experiencing a discontinuity increases above the
threshold, and the magnitude of the resulting catastrophe are all modeled probabilistically.

Adaptation is explicitly included in PAGE. Impacts are assumed to occur for temperature increases
above some tolerable level (2°C for developed countries and 0°C for developing countries for economic
impacts, and 0°C for all regions for non-economic impacts), but adaptation is assumed to reduce these
impacts. Default values in PAGE2002 assume that the developed countries can ultimately eliminate up
to 90 percent of all economic impacts beyond the tolerable 2°C increase and that developing countries
can eventually eliminate 50 percent of their economic impacts. All regions are assumed to be able to
mitigate 25 percent of the non-economic impacts through adaptation (Hope 2006).

The FUND Model
Like PAGE, the FUND model treats GDP growth as exogenous. It includes separately calibrated damage

functions for eight market and nonmarket sectors: agriculture, forestry, water, energy (based on heating
and cooling demand), sea level rise (based on the value of land lost and the cost of protection),

3 Using the default assumptions in DICE 2007, this effect generates an approximately 25 percent increase in the
SCC relative to damages calculated by fixing GDP. In DICE2007, the time path of GDP is endogenous. Specifically,
the path of GDP depends on the rate of saving and level of abatement in each period chosen by the optimizing
representative agent in the model. We made two modifications to DICE to make it consistent with EMF GDP
trajectories (see next section): we assumed a fixed rate of savings of 20%, and we re-calibrated the exogenous
path of total factor productivity so that DICE would produce GDP projections in the absence of warming that
exactly matched the EMF scenarios.



ecosystems, human health (diarrhea, vector-borne diseases, and cardiovascular and respiratory
mortality), and extreme weather. Each impact sector has a different functional form, and is calculated
separately for sixteen geographic regions. In some impact sectors, the fraction of output lost or gained
due to climate change depends not only on the absolute temperature change but also on the rate of
temperature change and level of regional income.” In the forestry and agricultural sectors, economic
damages also depend on CO, concentrations.

Tol (2009) discusses impacts not included in FUND, noting that many are likely to have a relatively small
effect on damage estimates (both positive and negative). However, he characterizes several omitted
impacts as “big unknowns”: for instance, extreme climate scenarios, biodiversity loss, and effects on
economic development and political violence. With regard to potentially catastrophic events, he notes,
“Exactly what would cause these sorts of changes or what effects they would have are not well-
understood, although the chance of any one of them happening seems low. But they do have the
potential to happen relatively quickly, and if they did, the costs could be substantial. Only a few studies
of climate change have examined these issues.”

Adaptation is included both implicitly and explicitly in FUND. Explicit adaptation is seen in the
agriculture and sea level rise sectors. Implicit adaptation is included in sectors such as energy and
human health, where wealthier populations are assumed to be less vulnerable to climate impacts. For
example, the damages to agriculture are the sum of three effects: (1) those due to the rate of
temperature change (damages are always positive); (2) those due to the level of temperature change
(damages can be positive or negative depending on region and temperature); and (3) those from CO,
fertilization (damages are generally negative but diminishing to zero).

Adaptation is incorporated into FUND by allowing damages to be smaller if climate change happens
more slowly. The combined effect of CO, fertilization in the agricultural sector, positive impacts to some
regions from higher temperatures, and sufficiently slow increases in temperature across these sectors
can result in negative economic damages from climate change.

Damage Functions

To generate revised SCC values, we rely on the IAM modelers’ current best judgments of how to
represent the effects of climate change (represented by the increase in global-average surface
temperature) on the consumption-equivalent value of both market and non-market goods (represented
as a fraction of global GDP). We recognize that these representations are incomplete and highly
uncertain. But given the paucity of data linking the physical impacts to economic damages, we were not
able to identify a better way to translate changes in climate into net economic damages, short of
launching our own research program.

* In the deterministic version of FUND, the majority of damages are attributable to increased air conditioning
demand, while reduced cold stress in Europe, North America, and Central and East Asia results in health benefits in
those regions at low to moderate levels of warming (Warren et al., 2006).
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Figure 1A: Annual Consumption Loss as a Fraction of Global GDP in 2100 Due to an Increase in Annual -
Global Temperature in the DICE, FUND, and PAGE models®
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The damage functions for the three IAMs are presented in Figures 1A and 1B, using the modeler’s
default scenarios and mean input assumptions. There are significant differences between the three
models both at lower (figure 1B) and higher (figure 1A) increases in global-average temperature.

The lack of agreement among the models at lower temperature increases is underscored by the fact that
the damages from FUND are well below the 5" percentile estimated by PAGE, while the damages
estimated by DICE are roughly equal to the 95" percentile estimated by PAGE. This is significant
because at higher discount rates we expect that a greater proportion of the SCC value is due to damages
in years with lower temperature increases. For example, when the discount rate is 2.5 percent, about
45 percent of the 2010 SCC value in DICE is due to damages that occur in years when the temperature is
less than or equal to 3 °C. This increases to approximately 55 percent and 80 percent at discount rates of
3 and 5 percent, respectively.

These differences underscore the need for a thorough review of damage functions—in particular, how
the models incorporate adaptation, technological change, and catastrophic damages. Gaps in the
literature make modifying these aspects of the models challenging, which highlights the need for
additional research. As knowledge improves, the Federal government is committed to exploring how
these (and other) models can be modified to incorporate more accurate estimates of damages.

3 The x-axis represents increases in annual, rather than equilibrium, temperature, while the y-axis represents the
annual stream of benefits as a share of global GDP. Each specific combination of climate sensitivity, socio-
economic, and emissions parameters will produce a different realization of damages for each IAM. The damage
functions represented in Figures 1A and 1B are the outcome of default assumptions. For instance, under alternate
assumptions, the damages from FUND may cross from negative to positive at less than or greater than 3 °C.
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Figure 1B: Annual Consumption Loss for Lower Temperature Changes in DICE, FUND, and PAGE -
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B. Global versus Domestic Measures of SCC

Because of the distinctive nature of the climate change problem, we center our current attention on a
global measure of SCC. This approach is the same as that taken for the interim values, but it otherwise
represents a departure from past practices, which tended to put greater emphasis on a domestic
measure of SCC (limited to impacts of climate change experienced within U.S. borders). As a matter of
law, consideration of both global and domestic values is generally permissible; the relevant statutory
provisions are usually ambiguous and allow selection of either measure.®

Global SCC

Under current OMB guidance contained in Circular A-4, analysis of economically significant proposed
and final regulations from the domestic perspective is required, while analysis from the international
perspective is optional. However, the climate change problem is highly unusual in at least two respects.
First, it involves a global externality: emissions of most greenhouse gases contribute to damages around
the world even when they are emitted in the United States. Consequently, to address the global nature
of the problem, the SCC must incorporate the full (global) damages caused by GHG emissions. Second,
climate change presents a problem that the United States alone cannot solve. Even if the United States
were to reduce its greenhouse gas emissions to zero, that step would be far from enough to avoid
substantial climate change. Other countries would also need to take action to reduce emissions if

® It is true that federal statutes are presumed not to have extraterritorial effect, in part to ensure that the laws of
the United States respect the interests of foreign sovereigns. But use of a global measure for the SCC does not give
extraterritorial effect to federal law and hence does not intrude on such interests.
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significant changes in the global climate are to be avoided. Emphasizing the need for a global solution to
a global problem, the United States has been actively involved in seeking international agreements to
reduce emissions and in encouraging other nations, including emerging major economies, to take
significant steps to reduce emissions. When these considerations are taken as a whole, the interagency
group concluded that a global measure of the benefits from reducing U.S. emissions is preferable.

When quantifying the damages associated with a change in emissions, a number of analysts (e.g.,
Anthoff, et al. 2009a) employ “equity weighting” to aggregate changes in consumption across regions.
This weighting takes into account the relative reductions in wealth in different regions of the world. A
per-capita loss of $500 in GDP, for instance, is weighted more heavily in a country with a per-capita GDP
of $2,000 than in one with a per-capita GDP of $40,000. The main argument for this approach is that a
loss of $500 in a poor country causes a greater reduction in utility or welfare than does the same loss in
a wealthy nation. Notwithstanding the theoretical claims on behalf of equity weighting, the interagency
group concluded that this approach would not be appropriate for estimating a SCC value used in
domestic regulatory analysis.” For this reason, the group concluded that using the global (rather than
domestic) value, without equity weighting, is the appropriate approach.

Domestic SCC

As an empirical matter, the development of a domestic SCC is greatly complicated by the relatively few
region- or country-specific estimates of the SCC in the literature. One potential source of estimates
comes from the FUND model. The resulting estimates suggest that the ratio of domestic to global
benefits of emission reductions varies with key parameter assumptions. For example, with a 2.5 or 3
percent discount rate, the U.S. benefit is about 7-10 percent of the global benefit, on average, across the
scenarios analyzed. Alternatively, if the fraction of GDP lost due to climate change is assumed to be
similar across countries, the domestic benefit would be proportional to the U.S. share of global GDP,
which is currently about 23 percent.?

On the basis of this evidence, the interagency workgroup determined that a range of values from 7 to 23
percent should be used to adjust the global SCC to calculate domestic effects. Reported domestic values
should use this range. It is recognized that these values are approximate, provisional, and highly
speculative. There is no a priori reason why domestic benefits should be a constant fraction of net global
damages over time. Further, FUND does not account for how damages in other regions could affect the
United States (e.g., global migration, economic and political destabilization). If more accurate methods
for calculating the domestic SCC become available, the Federal government will examine these to
determine whether to update its approach.

Tt is plausible that a loss of $X inflicts more serious harm on a poor nation than on a wealthy one, but
development of the appropriate "equity weight" is challenging. Emissions reductions also impose costs, and hence
a full account would have to consider that a given cost of emissions reductions imposes a greater utility or welfare
loss on a poor nation than on a wealthy one. Even if equity weighting—for both the costs and benefits of emissions
reductions—is appropriate when considering the utility or welfare effects of international action, the interagency
group concluded that it should not be used in developing an SCC for use in regulatory policy at this time.
¥ Based on 2008 GDP (in current US dollars) from the World Bank Development Indicators Report.
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C. Valuing Non-CO, Emissions

While CO, is the most prevalent greenhouse gas emitted into the atmosphere, the U.S. included five
other greenhouse gases in its recent endangerment finding: methane, nitrous oxide,
hydrofluorocarbons, perfluorocarbons, and sulfur hexafluoride. The climate impact of these gases is
commonly discussed in terms of their 100-year global warming potential (GWP). GWP measures the
ability of different gases to trap heat in the atmosphere (i.e., radiative forcing per unit of mass) over a
particular timeframe relative to CO,. However, because these gases differ in both radiative forcing and
atmospheric lifetimes, their relative damages are not constant over time. For example, because
methane has a short lifetime, its impacts occur primarily in the near term and thus are not discounted as
heavily as those caused by longer-lived gases. Impacts other than temperature change also vary across
gases in ways that are not captured by GWP. For instance, CO, emissions, unlike methane and other
greenhouse gases, contribute to ocean acidification. Likewise, damages from methane emissions are
not offset by the positive effect of CO, fertilization. Thus, transforming gases into CO,-equivalents using
GWP, and then multiplying the carbon-equivalents by the SCC, would not result in accurate estimates of
the social costs of non-CO, gases.

In light of these limitations, and the significant contributions of non-CO, emissions to climate change,
further research is required to link non-CO, emissions to economic impacts. Such work would feed into
efforts to develop a monetized value of reductions in non-CO, greenhouse gas emissions. As part of
ongoing work to further improve the SCC estimates, the interagency group hopes to develop methods to
value these other greenhouse gases. The goal is to develop these estimates by the time we issue
revised SCC estimates for carbon dioxide emissions.

D. Equilibrium Climate Sensitivity

Equilibrium climate sensitivity (ECS) is a key input parameter for the DICE, PAGE, and FUND models.’ It
is defined as the long-term increase in the annual global-average surface temperature from a doubling
of atmospheric CO, concentration relative to pre-industrial levels (or stabilization at a concentration of
approximately 550 parts per million (ppm)). Uncertainties in this important parameter have received
substantial attention in the peer-reviewed literature.

The most authoritative statement about equilibrium climate sensitivity appears in the Fourth
Assessment Report of the Intergovernmental Panel on Climate Change (IPCC):

Basing our assessment on a combination of several independent lines of evidence...including
observed climate change and the strength of known feedbacks simulated in [global climate models],
we conclude that the global mean equilibrium warming for doubling CO,, or ‘equilibrium climate

° The equilibrium climate sensitivity includes the response of the climate system to increased greenhouse gas
concentrations over the short to medium term (up to 100-200 years), but it does not include long-term feedback
effects due to possible large-scale changes in ice sheets or the biosphere, which occur on a time scale of many
hundreds to thousands of years (e.g. Hansen et al. 2007).
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sensitivity’, is likely to lie in the range 2 °C to 4.5 °C, with a most likely value of about 3 °C.
Equilibrium climate sensitivity is very likely larger than 1.5 °C. "

For fundamental physical reasons as well as data limitations, values substantially higher than 4.5 °C
still cannot be excluded, but agreement with observations and proxy data is generally worse for
those high values than for values in the 2 °C to 4.5 °C range. (Meehl et al., 2007, p 799)

After consulting with several lead authors of this chapter of the IPCC report, the interagency workgroup
selected four candidate probability distributions and calibrated them to be consistent with the above
statement: Roe and Baker (2007), log-normal, gamma, and Weibull. Table 1 included below gives
summary statistics for the four calibrated distributions.

Table 1: Summary Statistics for Four Calibrated Climate Sensitivity Distributions

Roe & Baker Log-normal Gamma Weibull
Pr(ECS < 1.5°C) 0.013 0.050 0.070 0.102
Pr(2°C < ECS < 4.5°C) 0.667 0.667 0.667 0.667
5" percentile 1.72 1.49 1.37 1.13
10" percentile 1.91 1.74 1.65 1.48
Mode 2.34 2.52 2.65 2.90
Median (50" percentile) | 3.00 3.00 3.00 3.00
Mean 3.50 3.28 3.19 3.07
90" percentile 5.86 5.14 4.93 4.69
95" percentile 7.14 5.97 5.59 5.17

Each distribution was calibrated by applying three constraints from the IPCC:

(1) a median equal to 3°C, to reflect the judgment of “a most likely value of about 3 °C”;**
(2) two-thirds probability that the equilibrium climate sensitivity lies between 2 and 4.5 °C; and
(3) zero probability that it is less than 0°C or greater than 10°C (see Hegerl et al. 2006, p. 721).

We selected the calibrated Roe and Baker distribution from the four candidates for two reasons. First,
the Roe and Baker distribution is the only one of the four that is based on a theoretical understanding of
the response of the climate system to increased greenhouse gas concentrations (Roe and Baker 2007,

' This is in accord with the judgment that it “is likely to lie in the range 2 °C to 4.5 °C” and the IPCC definition of
“likely” as greater than 66 percent probability (Le Treut et al.2007). “Very likely” indicates a greater than 90
percent probability.
n Strictly speaking, “most likely” refers to the mode of a distribution rather than the median, but common usage
would allow the mode, median, or mean to serve as candidates for the central or “most likely” value and the IPCC
report is not specific on this point. For the distributions we considered, the median was between the mode and
the mean. For the Roe and Baker distribution, setting the median equal to 3°C, rather than the mode or mean,
gave a 95" percentile that is more consistent with IPCC judgments and the literature. For example, setting the
mean and mode equal to 3°C produced 95" percentiles of 5.6 and 8.6 °C, respectively, which are in the lower and
upper end of the range in the literature. Finally, the median is closer to 3°C than is the mode for the truncated
distributions selected by the IPCC (Hegerl, et al., 2006); the average median is 3.1 °C and the average mode is 2.3
°C, which is most consistent with a Roe and Baker distribution with the median set equal to 3 °C.
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Roe 2008). In contrast, the other three distributions are mathematical functions that are arbitrarily
chosen based on simplicity, convenience, and general shape. The Roe and Baker distribution results
from three assumptions about climate response: (1) absent feedback effects, the equilibrium climate
sensitivity is equal to 1.2 °C; (2) feedback factors are proportional to the change in surface temperature;
and (3) uncertainties in feedback factors are normally distributed. There is widespread agreement on
the first point and the second and third points are common assumptions.

Second, the calibrated Roe and Baker distribution better reflects the IPCC judgment that “values
substantially higher than 4.5°C still cannot be excluded.” Although the IPCC made no quantitative
judgment, the 95t percentile of the calibrated Roe & Baker distribution (7.1 °C) is much closer to the
mean and the median (7.2 °C) of the 95" percentiles of 21 previous studies summarized by Newbold and
Daigneault (2009). It is also closer to the mean (7.5 °C) and median (7.9 °C) of the nine truncated
distributions examined by the IPCC (Hegerl, et al., 2006) than are the 95" percentiles of the three other
calibrated distributions (5.2-6.0 °C).

Finally, we note the IPCC judgment that the equilibrium climate sensitivity “is very likely larger than
1.5°C.” Although the calibrated Roe & Baker distribution, for which the probability of equilibrium climate
sensitivity being greater than 1.5°C is almost 99 percent, is not inconsistent with the IPCC definition of
“very likely” as “greater than 90 percent probability,” it reflects a greater degree of certainty about very
low values of ECS than was expressed by the IPCC.

Figure 2: Estimates of the Probability Density Function for Equilibrium Climate Sensitivity (°C)
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To show how the calibrated Roe and Baker distribution compares to different estimates of the

probability distribution function of equilibrium climate sensitivity in the empirical literature, Figure 2
(below) overlays it on Figure 9.20 from the IPCC Fourth Assessment Report. These functions are scaled
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to integrate to unity between 0 °C and 10 °C. The horizontal bars show the respective 5 percent to 95
percent ranges; dots indicate the median estimate.™

E. Socio-Economic and Emissions Trajectories

Another key issue considered by the interagency group is how to select the set of socio-economic and
emissions parameters for use in PAGE, DICE, and FUND. Socio-economic pathways are closely tied to
climate damages because, all else equal, more and wealthier people tend to emit more greenhouse
gases and also have a higher (absolute) willingness to pay to avoid climate disruptions. For this reason,
we consider how to model several input parameters in tandem: GDP, population, CO, emissions, and
non-CO, radiative forcing. A wide variety of scenarios have been developed and used for climate change
policy simulations (e.g., SRES 2000, CCSP 2007, EMF 2009). In determining which scenarios are
appropriate for inclusion, we aimed to select scenarios that span most of the plausible ranges of
outcomes for these variables.

To accomplish this task in a transparent way, we decided to rely on the recent Stanford Energy Modeling
Forum exercise, EMF-22. EMF-22 uses ten well-recognized models to evaluate substantial, coordinated
global action to meet specific stabilization targets. A key advantage of relying on these data is that GDP,
population, and emission trajectories are internally consistent for each model and scenario evaluated.
The EMF-22 modeling effort also is preferable to the IPCC SRES due to their age (SRES were developed in
1997) and the fact that 3 of 4 of the SRES scenarios are now extreme outliers in one or more variables.
Although the EMF-22 scenarios have not undergone the same level of scrutiny as the SRES scenarios,
they are recent, peer-reviewed, published, and publicly available.

To estimate the SCC for use in evaluating domestic policies that will have a small effect on global
cumulative emissions, we use socio-economic and emission trajectories that span a range of plausible
scenarios. Five trajectories were selected from EMF-22 (see Table 2 below). Four of these represent
potential business-as-usual (BAU) growth in population, wealth, and emissions and are associated with
CO, (only) concentrations ranging from 612 to 889 ppm in 2100. One represents an emissions pathway
that achieves stabilization at 550 ppm CO.e (i.e., CO,-only concentrations of 425 — 484 ppm or a
radiative forcing of 3.7 W/m?) in 2100, a lower-than-BAU trajectory.”® Out of the 10 models included in
the EMF-22 exercise, we selected the trajectories used by MiniCAM, MESSAGE, IMAGE, and the
optimistic scenario from MERGE. For the BAU pathways, we used the GDP, population, and emission
trajectories from each of these four models. For the 550 ppm CO,e scenario, we averaged the GDP,
population, and emission trajectories implied by these same four models.

2 The estimates based on instrumental data are from Andronova and Schlesinger (2001), Forest et al. (2002;

dashed line, anthropogenic forcings only), Forest et al. (2006; solid line, anthropogenic and natural forcings),
Gregory et al. (2002a), Knutti et al. (2002), Frame et al. (2005), and Forster and Gregory (2006). Hegerl et al. (2006)
are based on multiple palaeoclimatic reconstructions of north hemisphere mean temperatures over the last 700
years. Also shown are the 5-95 percent approximate ranges for two estimates from the last glacial maximum
(dashed, Annan et al. 2005; solid, Schneider von Deimling et al. 2006), which are based on models with different
structural properties.
2 Such an emissions path would be consistent with widespread action by countries to mitigate GHG emissions,
though it could also result from technological advances. It was chosen because it represents the most stringent
case analyzed by the EMF-22 where all the models converge: a 550 ppm, not to exceed, full participation scenario.
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Table 2: Socioeconomic and Emissions Projections from Select EMF-22 Reference Scenarios -

Reference Fossil and Industrial CO, Emissions (GtCO,/yr) -

EMF — 22 Based Scenarios 2000 2010 2020 2030 2050 2100
IMAGE 26.6 31.9 36.9 40.0 45.3 60.1

MERGE Optimistic 24.6 31.5 37.6 45.1 66.5 117.9
MESSAGE 26.8 29.2 37.6 42.1 43.5 42.7
MiniCAM 26.5 31.8 38.0 45.1 57.8 80.5

550 ppm average 26.2 31.1 33.2 324 20.0 12.8

Reference GDP (using market exchange rates in trillion 2005$)"

EMF — 22 Based Scenarios 2000 2010 2020 2030 2050 2100
IMAGE 38.6 53.0 73.5 97.2 156.3 396.6

MERGE Optimistic 36.3 45.9 59.7 76.8 122.7 268.0
MESSAGE 38.1 52.3 69.4 91.4 153.7 334.9
MiniCAM 36.1 47.4 60.8 78.9 125.7 369.5

550 ppm average 37.1 49.6 65.6 85.5 137.4 337.9

Global Population (billions)

EMF — 22 Based Scenarios 2000 2010 2020 2030 2050 2100
IMAGE 6.1 6.9 7.6 8.2 9.0 9.1
MERGE Optimistic 6.0 6.8 7.5 8.2 9.0 9.7
MESSAGE 6.1 6.9 7.7 8.4 9.4 10.4
MiniCAM 6.0 6.8 7.5 8.1 8.8 8.7
550 ppm average 6.1 6.8 7.6 8.2 8.7 9.1

We explore how sensitive the SCC is to various assumptions about how the future will evolve without
prejudging what is likely to occur. The interagency group considered formally assigning probability
weights to different states of the world, but this proved challenging to do in an analytically rigorous way
given the dearth of information on the likelihood of a full range of future socio-economic pathways.

There are a number of caveats. First, EMF BAU scenarios represent the modelers’ judgment of the most
likely pathway absent mitigation policies to reduce greenhouse gas emissions, rather than the wider
range of possible outcomes. Nevertheless, these views of the most likely outcome span a wide range,

% While the EMF-22 models used market exchange rates (MER) to calculate global GDP, it is also possible to use
purchasing power parity (PPP). PPP takes into account the different price levels across countries, so it more
accurately describes relative standards of living across countries. MERs tend to make low-income countries appear
poorer than they actually are. Because many models assume convergence in per capita income over time, use of
MER-adjusted GDP gives rise to projections of higher economic growth in low income countries. There is an
ongoing debate about how much this will affect estimated climate impacts. Critics of the use of MER argue that it
leads to overstated economic growth and hence a significant upward bias in projections of greenhouse gas
emissions, and unrealistically high future temperatures (e.g., Castles and Henderson 2003). Others argue that
convergence of the emissions-intensity gap across countries at least partially offset the overstated income gap so
that differences in exchange rates have less of an effect on emissions (Holtsmark and Alfsen, 2005; Tol, 2006).
Nordhaus (2007b) argues that the ideal approach is to use superlative PPP accounts (i.e., using cross-sectional PPP
measures for relative incomes and outputs and national accounts price and quantity indexes for time-series
extrapolations). However, he notes that it important to keep this debate in perspective; it is by no means clear that
exchange-rate-conversion issues are as important as uncertainties about population, technological change, or the
many geophysical uncertainties.
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from the more optimistic (e.g. abundant low-cost, low-carbon energy) to more pessimistic (e.g.
constraints on the availability of nuclear and renewables).”® Second, the socio-economic trajectories
associated with a 550 ppm CO,e concentration scenario are not derived from an assessment of what
policy is optimal from a benefit-cost standpoint. Rather, it is indicative of one possible future outcome.
The emission trajectories underlying some BAU scenarios (e.g. MESSAGE’s 612 ppm) also are consistent
with some modest policy action to address climate change.’® We chose not to include socio-economic
trajectories that achieve even lower GHG concentrations at this time, given the difficulty many models
had in converging to meet these targets.

For comparison purposes, the Energy Information Agency in its 2009 Annual Energy Outlook projected
that global carbon dioxide emissions will grow to 30.8, 35.6, and 40.4 gigatons in 2010, 2020, and 2030,
respectively, while world GDP is projected to be $51.8, $71.0 and $93.9 trillion (in 2005 dollars using
market exchange rates) in 2010, 2020, and 2030, respectively. These projections are consistent with
one or more EMF-22 scenarios. Likewise, the United Nations’ 2008 Population Prospect projects
population will grow from 6.1 billion people in 2000 to 9.1 billion people in 2050, which is close to the
population trajectories for the IMAGE, MiniCAM, and MERGE models.

In addition to fossil and industrial CO, emissions, each EMF scenario provides projections of methane,
nitrous oxide, fluorinated greenhouse gases, and net land use CO, emissions out to 2100. These
assumptions also are used in the three models while retaining the default radiative forcings due to other
factors (e.g. aerosols and other gases). See the Appendix for greater detail.

F. Discount Rate

The choice of a discount rate, especially over long periods of time, raises highly contested and
exceedingly difficult questions of science, economics, philosophy, and law. Although it is well
understood that the discount rate has a large influence on the current value of future damages, there is
no consensus about what rates to use in this context. Because carbon dioxide emissions are long-lived,
subsequent damages occur over many years. In calculating the SCC, we first estimate the future
damages to agriculture, human health, and other market and non-market sectors from an additional
unit of carbon dioxide emitted in a particular year in terms of reduced consumption (or consumption
equivalents) due to the impacts of elevated temperatures, as represented in each of the three IAMs.
Then we discount the stream of future damages to its present value in the year when the additional unit
of emissions was released using the selected discount rate, which is intended to reflect society's
marginal rate of substitution between consumption in different time periods.

For rules with both intra- and intergenerational effects, agencies traditionally employ constant discount
rates of both 3 percent and 7 percent in accordance with OMB Circular A-4. As Circular A-4
acknowledges, however, the choice of discount rate for intergenerational problems raises distinctive

> For instance, in the MESSAGE model’s reference case total primary energy production from nuclear, biomass,
and non-biomass renewables is projected to increase from about 15 percent of total primary energy in 2000 to 54
percent in 2100. In comparison, the MiniCAM reference case shows 10 percent in 2000 and 21 percent in 2100.
' For example, MiniCAM projects if all non-US OECD countries reduce CO, emissions to 83 percent below 2005
levels by 2050 (per the G-8 agreement) but all other countries continue along a BAU path CO, concentrations in
2100 would drop from 794 ppmv in its reference case to 762 ppmv.
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problems and presents considerable challenges. After reviewing those challenges, Circular A-4 states, “If
your rule will have important intergenerational benefits or costs you might consider a further sensitivity
analysis using a lower but positive discount rate in addition to calculating net benefits using discount
rates of 3 and 7 percent.” For the specific purpose of developing the SCC, we adapt and revise that
approach here.

Arrow et al. (1996) outlined two main approaches to determine the discount rate for climate change
analysis, which they labeled “descriptive” and “prescriptive.” The descriptive approach reflects a
positive (non-normative) perspective based on observations of people’s actual choices—e.g., savings
versus consumption decisions over time, and allocations of savings among more and less risky
investments. Advocates of this approach generally call for inferring the discount rate from market rates
of return “because of a lack of justification for choosing a social welfare function that is any different
than what decision makers [individuals] actually use” (Arrow et al. 1996).

One theoretical foundation for the cost-benefit analyses in which the social cost of carbon will be used—
the Kaldor-Hicks potential-compensation test—also suggests that market rates should be used to
discount future benefits and costs, because it is the market interest rate that would govern the returns
potentially set aside today to compensate future individuals for climate damages that they bear (e.g.,
Just et al. 2004). As some have noted, the word “potentially” is an important qualification; there is no
assurance that such returns will actually be set aside to provide compensation, and the very idea of
compensation is difficult to define in the intergenerational context. On the other hand, societies
provide compensation to future generations through investments in human capital and the resulting
increase in knowledge, as well as infrastructure and other physical capital.

The prescriptive approach specifies a social welfare function that formalizes the normative judgments
that the decision-maker wants explicitly to incorporate into the policy evaluation—e.g., how inter-
personal comparisons of utility should be made, and how the welfare of future generations should be
weighed against that of the present generation. Ramsey (1928), for example, has argued that it is
“ethically indefensible” to apply a positive pure rate of time preference to discount values across
generations, and many agree with this view.

Other concerns also motivate making adjustments to descriptive discount rates. In particular, it has
been noted that the preferences of future generations with regard to consumption versus
environmental amenities may not be the same as those today, making the current market rate on
consumption an inappropriate metric by which to discount future climate-related damages. Others
argue that the discount rate should be below market rates to correct for market distortions and
uncertainties or inefficiencies in intergenerational transfers of wealth, which in the Kaldor-Hicks logic
are presumed to compensate future generations for damage (a potentially controversial assumption, as
noted above) (Arrow et al. 1996, Weitzman 1999).

Further, a legitimate concern about both descriptive and prescriptive approaches is that they tend to
obscure important heterogeneity in the population. The utility function that underlies the prescriptive
approach assumes a representative agent with perfect foresight and no credit constraints. This is an
artificial rendering of the real world that misses many of the frictions that characterize individuals’ lives
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and indeed the available descriptive evidence supports this. For instance, many individuals smooth
consumption by borrowing with credit cards that have relatively high rates. Some are unable to access
traditional credit markets and rely on payday lending operations or other high cost forms of smoothing
consumption. Whether one puts greater weight on the prescriptive or descriptive approach, the high
interest rates that credit-constrained individuals accept suggest that some account should be given to
the discount rates revealed by their behavior.

We draw on both approaches but rely primarily on the descriptive approach to inform the choice of
discount rate. With recognition of its limitations, we find this approach to be the most defensible and
transparent given its consistency with the standard contemporary theoretical foundations of benefit-
cost analysis and with the approach required by OMB’s existing guidance. The logic of this framework
also suggests that market rates should be used for discounting future consumption-equivalent damages.
Regardless of the theoretical approach used to derive the appropriate discount rate(s), we note the
inherent conceptual and practical difficulties of adequately capturing consumption trade-offs over many
decades or even centuries. While relying primarily on the descriptive approach in selecting specific
discount rates, the interagency group has been keenly aware of the deeply normative dimensions of
both the debate over discounting in the intergenerational context and the consequences of selecting
one discount rate over another.

Historically Observed Interest Rates

In a market with no distortions, the return to savings would equal the private return on investment, and
the market rate of interest would be the appropriate choice for the social discount rate. In the real
world risk, taxes, and other market imperfections drive a wedge between the risk-free rate of return on
capital and the consumption rate of interest. Thus, the literature recognizes two conceptual discount
concepts—the consumption rate of interest and the opportunity cost of capital.

According to OMB'’s Circular A-4, it is appropriate to use the rate of return on capital when a regulation
is expected to displace or alter the use of capital in the private sector. In this case, OMB recommends
Agencies use a discount rate of 7 percent. When regulation is expected to primarily affect private
consumption—for instance, via higher prices for goods and services—a lower discount rate of 3 percent
is appropriate to reflect how private individuals trade-off current and future consumption.

The interagency group examined the economics literature and concluded that the consumption rate of
interest is the correct concept to use in evaluating the benefits and costs of a marginal change in carbon
emissions (see Lind 1990, Arrow et al 1996, and Arrow 2000). The consumption rate of interest also is
appropriate when the impacts of a regulation are measured in consumption (-equivalent) units, as is
done in the three integrated assessment models used for estimating the SCC.

Individuals use a variety of savings instruments that vary with risk level, time horizon, and tax
characteristics. The standard analytic framework used to develop intuition about the discount rate
typically assumes a representative agent with perfect foresight and no credit constraints. The risk-free
rate is appropriate for discounting certain future benefits or costs, but the benefits calculated by IAMs
are uncertain. To use the risk-free rate to discount uncertain benefits, these benefits first must be
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transformed into "certainty equivalents," that is the maximum certain amount that we would exchange
for the uncertain amount. However, the calculation of the certainty-equivalent requires first estimating
the correlation between the benefits of the policy and baseline consumption.

If the IAM projections of future impacts represent expected values (not certainty-equivalent values),
then the appropriate discount rate generally does not equal the risk-free rate. If the benefits of the
policy tend to be high in those states of the world in which consumption is low, then the certainty-
equivalent benefits will be higher than the expected benefits (and vice versa). Since many (though not
necessarily all) of the important impacts of climate change will flow through market sectors such as
agriculture and energy, and since willingness to pay for environmental protections typically increases
with income, we might expect a positive (though not necessarily perfect) correlation between the net
benefits from climate policies and market returns. This line of reasoning suggests that the proper
discount rate would exceed the riskless rate. Alternatively, a negative correlation between the returns
to climate policies and market returns would imply that a discount rate below the riskless rate is
appropriate.

This discussion suggests that both the post-tax riskless and risky rates can be used to capture individuals’
consumption-equivalent interest rate. As a measure of the post-tax riskless rate, we calculate the
average real return from Treasury notes over the longest time period available (those from Newell and
Pizer 2003) and adjust for Federal taxes (the average marginal rate from tax years 2003 through 2006 is
around 27 percent).'” This calculation produces a real interest rate of about 2.7 percent, which is
roughly consistent with Circular A-4’s recommendation to use 3 percent to represent the consumption
rate of interest.”® A measure of the post-tax risky rate for investments whose returns are positively
correlated with overall equity market returns can be obtained by adjusting pre-tax rates of household
returns to risky investments (approximately 7 percent) for taxes yields a real rate of roughly 5 percent.”

The Ramsey Equation

Ramsey discounting also provides a useful framework to inform the choice of a discount rate. Under
this approach, the analyst applies either positive or normative judgments in selecting values for the key
parameters of the Ramsey equation: 1 (coefficient of relative risk aversion or elasticity of the marginal
utility of consumption) and p (pure rate of time preference).”® These are then combined with g (growth

Y The literature argues for a risk-free rate on government bonds as an appropriate measure of the consumption
rate of interest. Arrow (2000) suggests that it is roughly 3-4 percent. OMB cites evidence of a 3.1 percent pre-tax
rate for 10-year Treasury notes in the A-4 guidance. Newell and Pizer (2003) find real interest rates between 3.5
and 4 percent for 30-year Treasury securities.
'8 The positive approach reflects how individuals make allocation choices across time, but it is important to keep in
mind that we wish to reflect preferences for society as a whole, which generally has a longer planning horizon.
% cambell et al (2001) estimates that the annual real return from stocks for 1900-1995 was about 7 percent. The
annual real rate of return for the S&P 500 from 1950 — 2008 was about 6.8 percent. In the absence of a better way
to population-weight the tax rates, we use the middle of the 20 — 40 percent range to derive a post-tax interest
rate (Kotlikoff and Rapson 2006).
% The parameter p measures the pure rate of time preference: people’s behavior reveals a preference for an
increase in utility today versus the future. Consequently, it is standard to place a lower weight on utility in the
future. The parameter n captures diminishing marginal utility: consumption in the future is likely to be higher than
consumption today, so diminishing marginal utility of consumption implies that the same monetary damage will
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rate of per-capita consumption) to equal the interest rate at which future monetized damages are
discounted: p + n-g.' In the simplest version of the Ramsey model, with an optimizing representative
agent with perfect foresight, what we are calling the “Ramsey discount rate,” p + n-g, will be equal to
the rate of return to capital, i.e., the market interest rate.

A review of the literature provides some guidance on reasonable parameter values for the Ramsey
discounting equation, based on both prescriptive and descriptive approaches.

e 1. Most papers in the climate change literature adopt values for n in the range of 0.5 to 3
(Weitzman cites plausible values as those ranging from 1 to 4), although not all authors
articulate whether their choice is based on prescriptive or descriptive reasoning.”> Dasgupta
(2008) argues that n should be greater than 1 and may be as high as 3, since n equal to 1
suggests savings rates that do not conform to observed behavior.

e p. With respect to the pure rate of time preference, most papers in the climate change
literature adopt values for p in the range of 0 to 3 percent per year. The very low rates tend to
follow from moral judgments involving intergenerational neutrality. Some have argued that to
use any value other than p = 0 would unjustly discriminate against future generations (e.g.,
Arrow et al. 1996, Stern et al. 2006). However, even in an inter-generational setting, it may
make sense to use a small positive pure rate of time preference because of the small
probability of unforeseen cataclysmic events (Stern et al. 2006).

e g. A commonly accepted approximation is around 2 percent per year. For the socio-economic
scenarios used for this exercise, the EMF models assume that g is about 1.5-2 percent to 2100.

Some economists and non-economists have argued for constant discount rates below 2 percent based
on the prescriptive approach. When grounded in the Ramsey framework, proponents of this approach
have argued that a p of zero avoids giving preferential treatment to one generation over another. The
choice of n has also been posed as an ethical choice linked to the value of an additional dollar in poorer

cause a smaller reduction of utility for wealthier individuals, either in the future or in current generations. If =0,
then a one dollar increase in income is equally valuable regardless of level of income; if n= 1, then a one percent
increase in income is equally valuable no matter the level of income; and if n> 1, then a one percent increase in
income is less valuable to wealthier individuals.
! In this case, g could be taken from the selected EMF socioeconomic scenarios or alternative assumptions about
the rate of consumption growth.
2 Empirical estimates of 1| span a wide range of values. A benchmark value of 2 is near the middle of the range of
values estimated or used by Szpiro (1986), Hall and Jones (2007), Arrow (2007), Dasgupta (2006, 2008), Weitzman
(2007, 2009), and Nordhaus (2008). However, Chetty (2006) developed a method of estimating n using data on
labor supply behavior. He shows that existing evidence of the effects of wage changes on labor supply imposes a
tight upper bound on the curvature of utility over wealth (CRRA < 2) with the mean implied value of 0.71 and
concludes that the standard expected utility model cannot generate high levels of risk aversion without
contradicting established facts about labor supply. Recent work has jointly estimated the components of the
Ramsey equation. Evans and Sezer (2005) estimate n = 1.49 for 22 OECD countries. They also estimate p = 1.08
percent per year using data on mortality rates. Anthoff, et al. (2009b) estimate n = 1.18, and p = 1.4 percent.
When they multiply the bivariate probability distributions from their work and Evans and Sezer (2005) together,
they find n = 1.47, and p = 1.07.
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countries compared to wealthier ones. Stern et al. (2006) applies this perspective through his choice of
p = 0.1 percent per year, 1 =1 and g = 1.3 percent per year, which yields an annual discount rate of 1.4
percent. In the context of permanent income savings behavior, however, Stern’s assumptions suggest
that individuals would save 93 percent of their income.”

Recently, Stern (2008) revisited the values used in Stern et al. (2006), stating that there is a case to be
made for raising 1 due to the amount of weight lower values place on damages far in the future (over 90
percent of expected damages occur after 2200 with m = 1). Using Stern’s assumption that p= 0.1
percent, combined with a n of 1.5 to 2 and his original growth rate, yields a discount rate greater 2
percent.

We conclude that arguments made under the prescriptive approach can be used to justify discount rates
between roughly 1.4 and 3.1 percent. In light of concerns about the most appropriate value for n, we
find it difficult to justify rates at the lower end of this range under the Ramsey framework.

Accounting for Uncertainty in the Discount Rate

While the consumption rate of interest is an important driver of the benefits estimate, it is uncertain
over time. Ideally, we would formally model this uncertainty, just as we do for climate sensitivity.
Weitzman (1998, 2001) showed theoretically and Newell and Pizer (2003) and Groom et al. (2006)
confirm empirically that discount rate uncertainty can have a large effect on net present values. A main
result from these studies is that if there is a persistent element to the uncertainty in the discount rate
(e.g., the rate follows a random walk), then it will result in an effective (or certainty-equivalent) discount
rate that declines over time. Consequently, lower discount rates tend to dominate over the very long
term (see Weitzman 1998, 1999, 2001; Newell and Pizer 2003; Groom et al. 2006; Gollier 2008;
Summers and Zeckhauser 2008; and Gollier and Weitzman 2009).

The proper way to model discount rate uncertainty remains an active area of research. Newell and Pizer
(2003) employ a model of how long-term interest rates change over time to forecast future discount
rates. Their model incorporates some of the basic features of how interest rates move over time, and its
parameters are estimated based on historical observations of long-term rates. Subsequent work on this
topic, most notably Groom et al. (2006), uses more general models of interest rate dynamics to allow for
better forecasts. Specifically, the volatility of interest rates depends on whether rates are currently low
or high and variation in the level of persistence over time.

While Newell and Pizer (2003) and Groom et al (2006) attempt formally to model uncertainty in the
discount rate, others argue for a declining scale of discount rates applied over time (e.g., Weitzman
2001, and the UK’s “Green Book” for regulatory analysis). This approach uses a higher discount rate

> Stern (2008) argues that building in a positive rate of exogenous technical change over time reduces the implied
savings rate and that n at or above 2 are inconsistent with observed behavior with regard to equity. (At the same
time, adding exogenous technical change—all else equal—would increase g as well.)
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initially, but applies a graduated scale of lower discount rates further out in time.* A key question that
has emerged with regard to both of these approaches is the trade-off between potential time
inconsistency and giving greater weight to far future outcomes (see the EPA Science Advisory Board'’s
recent comments on this topic as part of its review of their Guidelines for Economic Analysis).”

The Discount Rates Selected for Estimating SCC

In light of disagreement in the literature on the appropriate market interest rate to use in this context
and uncertainty about how interest rates may change over time, we use three discount rates to span a
plausible range of certainty-equivalent constant discount rates: 2.5, 3, and 5 percent per year. Based on
the review in the previous sections, the interagency workgroup determined that these three rates
reflect reasonable judgments under both descriptive and prescriptive approaches.

The central value, 3 percent, is consistent with estimates provided in the economics literature and
OMB’s Circular A-4 guidance for the consumption rate of interest. As previously mentioned, the
consumption rate of interest is the correct discounting concept to use when future damages from
elevated temperatures are estimated in consumption-equivalent units. Further, 3 percent roughly
corresponds to the after-tax riskless interest rate. The upper value of 5 percent is included to represent
the possibility that climate damages are positively correlated with market returns. Additionally, this
discount rate may be justified by the high interest rates that many consumers use to smooth
consumption across periods.

The low value, 2.5 percent, is included to incorporate the concern that interest rates are highly
uncertain over time. It represents the average certainty-equivalent rate using the mean-reverting and
random walk approaches from Newell and Pizer (2003) starting at a discount rate of 3 percent. Using
this approach, the certainty equivalent is about 2.2 percent using the random walk model and 2.8
percent using the mean reverting approach.® Without giving preference to a particular model, the
average of the two rates is 2.5 percent. Further, a rate below the riskless rate would be justified if
climate investments are negatively correlated with the overall market rate of return. Use of this lower
value also responds to certain judgments using the prescriptive or normative approach and to ethical
objections that have been raised about rates of 3 percent or higher.

* For instance, the UK applies a discount rate of 3.5 percent to the first 30 years; 3 percent for years 31 - 75; 2.5
percent for years 76 - 125; 2 percent for years 126 - 200; 1.5 percent for years 201 - 300; and 1 percent after 300
years. As a sensitivity, it recommends a discount rate of 3 percent for the first 30 years, also decreasing over time.
» Uncertainty in future damages is distinct from uncertainty in the discount rate. Weitzman (2008) argues that
Stern’s choice of a low discount rate was “right for the wrong reasons.” He demonstrates how the damages from a
low probability, catastrophic event far in the future dominate the effect of the discount rate in a present value
calculation and result in an infinite willingness-to-pay for mitigation today. Newbold and Daigneault, (2009) and
Nordhaus (2009) find that Weitzman’s result is sensitive to the functional forms chosen for climate sensitivity,
utility, and consumption. Summers and Zeckhauser (2008) argue that uncertainty in future damages can also work
in the other direction by increasing the benefits of waiting to learn the appropriate level of mitigation required.
*® Calculations done by Pizer et al. using the original simulation program from Newell and Pizer (2003).
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V.

Revised SCC Estimates

Our general approach to estimating SCC values is to run the three integrated assessment models (FUND,

DICE, and PAGE) using the following inputs agreed upon by the interagency group:

A Roe and Baker distribution for the climate sensitivity parameter bounded between 0 and 10
with a median of 3 °C and a cumulative probability between 2 and 4.5 °C of two-thirds.

Five sets of GDP, population and carbon emissions trajectories based on EMF-22.

Constant annual discount rates of 2.5, 3, and 5 percent.

Because the climate sensitivity parameter is modeled probabilistically, and because PAGE and FUND
incorporate uncertainty in other model parameters, the final output from each model run is a

distribution over the SCC in year t.

For each of the IAMS, the basic computational steps for calculating the SCC in a particular year t are:

Input the path of emissions, GDP, and population from the selected EMF-22 scenarios,
and the extrapolations based on these scenarios for post-2100 years.

Calculate the temperature effects and (consumption-equivalent) damages in each year
resulting from the baseline path of emissions.

In PAGE, the consumption-equivalent damages in each period are calculated as
a fraction of the EMF GDP forecast, depending on the temperature in that
period relative to the pre-industrial average temperature in each region.

In FUND, damages in each period depend on both the level and the rate of
temperature change in that period.

In DICE, temperature affects both consumption and investment, so we first
adjust the EMF GDP paths as follows: Using the Cobb-Douglas production
function with the DICE2007 parameters, we extract the path of exogenous
technical change implied by the EMF GDP and population paths, then we
recalculate the baseline GDP path taking into account climate damages resulting
from the baseline emissions path.

Add an additional unit of carbon emissions in year t. (The exact unit varies by model.)

Recalculate the temperature effects and damages expected in all years beyond t
resulting from this adjusted path of emissions, as in step 2.

Subtract the damages computed in step 2 from those in step 4 in each year. (DICE is
run in 10 year time steps, FUND in annual time steps, while the time steps in PAGE vary.)

Discount the resulting path of marginal damages back to the year of emissions using the
agreed upon fixed discount rates.
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7. Calculate the SCC as the net present value of the discounted path of damages computed
in step 6, divided by the unit of carbon emissions used to shock the models in step 3.

8. Multiply by 12/44 to convert from dollars per ton of carbon to dollars per ton of CO,
(2007 dollars) in DICE and FUND. (All calculations are done in tons of CO,in PAGE).

The steps above were repeated in each model for multiple future years to cover the time horizons
anticipated for upcoming rulemaking analysis. To maintain consistency across the three IAMs, climate
damages are calculated as lost consumption in each future year.

It is important to note that each of the three models has a different default end year. The default time
horizon is 2200 for PAGE, 2595 for DICE, and 3000 for the latest version of FUND. This is an issue for the
multi-model approach because differences in SCC estimates may arise simply due to the model time
horizon. Many consider 2200 too short a time horizon because it could miss a significant fraction of
damages under certain assumptions about the growth of marginal damages and discounting, so each
model is run here through 2300. This step required a small adjustment in the PAGE model only. This
step also required assumptions about GDP, population, and greenhouse gas emission trajectories after
2100, the last year for which these data are available from the EMF-22 models. (A more detailed
discussion of these assumptions is included in the Appendix.)

This exercise produces 45 separate distributions of the SCC for a given year, the product of 3 models, 3
discount rates, and 5 socioeconomic scenarios. This is clearly too many separate distributions for
consideration in a regulatory impact analysis.

To produce a range of plausible estimates that still reflects the uncertainty in the estimation exercise,
the distributions from each of the models and scenarios are equally weighed and combined to produce
three separate probability distributions for SCC in a given year, one for each assumed discount rate.
These distributions are then used to define a range of point estimates for the global SCC. In this way, no
integrated assessment model or socioeconomic scenario is given greater weight than another. Because
the literature shows that the SCC is quite sensitive to assumptions about the discount rate, and because
no consensus exists on the appropriate rate to use in an intergenerational context, we present SCCs
based on the average values across models and socioeconomic scenarios for each discount rate.

The interagency group selected four SCC values for use in regulatory analyses. Three values are based
on the average SCC across models and socio-economic and emissions scenarios at the 2.5, 3, and 5
percent discount rates. The fourth value is included to represent the higher-than-expected economic
impacts from climate change further out in the tails of the SCC distribution. For this purpose, we use the
SCC value for the 95" percentile at a 3 percent discount rate. (The full set of distributions by model and
scenario combination is included in the Appendix.) As noted above, the 3 percent discount rate is the
central value, and so the central value that emerges is the average SCC across models at the 3 percent
discount rate. For purposes of capturing the uncertainties involved in regulatory impact analysis, we
emphasize the importance and value of considering the full range.
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As previously discussed, low probability, high impact events are incorporated into the SCC values
through explicit consideration of their effects in two of the three models as well as the use of a
probability density function for equilibrium climate sensitivity. Treating climate sensitivity
probabilistically results in more high temperature outcomes, which in turn lead to higher projections of
damages. Although FUND does not include catastrophic damages (in contrast to the other two models),
its probabilistic treatment of the equilibrium climate sensitivity parameter will directly affect the non-
catastrophic damages that are a function of the rate of temperature change.

In Table 3, we begin by presenting SCC estimates for 2010 by model, scenario, and discount rate to
illustrate the variability in the SCC across each of these input parameters. As expected, higher discount
rates consistently result in lower SCC values, while lower discount rates result in higher SCC values for
each socioeconomic trajectory. It is also evident that there are differences in the SCC estimated across
the three main models. For these estimates, FUND produces the lowest estimates, while PAGE generally
produces the highest estimates.

Table 3: Disaggregated Social Cost of CO, Values by Model, Socio-Economic Trajectory, and Discount
Rate for 2010 (in 2007 dollars)

Discount rate: 5% 3% 2.5% 3%

Model Scenario Avg Avg Avg 95th
IMAGE 108 | 358 | 542 | 70.8

MERGE 7.5 22.0 316 42.1

O  Message 9.8 29.8 43.5 58.6
% Minicam 86 | 288 | 444 | 579
550 Average 8.2 24.9 374 50.8
IMAGE 8.3 39.5 65.5 142.4

MERGE 52 | 223 | 346 | 824
g:; Message 7.2 303 49.2 115.6
= MiniCAM 6.4 31.8 54.7 115.4
550 Average 5.5 254 42.9 104.7

IMAGE -1.3 8.2 19.3 39.7

MERGE 03 | 80 | 148 | 413

% Message 1.9 3.6 8.8 32.1
n MiniCAM -0.6 10.2 222 42.6
550 Average 27 | 02 | 30 | 194

These results are not surprising when compared to the estimates in the literature for the latest versions
of each model. For example, adjusting the values from the literature that were used to develop interim
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SCC values to 2007 dollars for the year 2010 (assuming, as we did for the interim process, that SCC
grows at 3 percent per year), FUND yields SCC estimates at or near zero for a 5 percent discount rate
and around $9 per ton for a 3 percent discount rate. There are far fewer estimates using the latest
versions of DICE and PAGE in the literature: Using similar adjustments to generate 2010 estimates, we
calculate a SCC from DICE (based on Nordhaus 2008) of around $9 per ton for a 5 percent discount rate,
and a SCC from PAGE (based on Hope 2006, 2008) close to $8 per ton for a 4 percent discount rate. Note
that these comparisons are only approximate since the literature generally relies on Ramsey
discounting, while we have assumed constant discount rates.”’

The SCC estimates from FUND are sensitive to differences in emissions paths but relatively insensitive to
differences in GDP paths across scenarios, while the reverse is true for DICE and PAGE. This likely occurs
because of several structural differences among the models. Specifically in DICE and PAGE, the fraction
of economic output lost due to climate damages increases with the level of temperature alone, whereas
in FUND the fractional loss also increases with the rate of temperature change. Furthermore, in FUND
increases in income over time decrease vulnerability to climate change (a form of adaptation), whereas
this does not occur in DICE and PAGE. These structural differences among the models make FUND more
sensitive to the path of emissions and less sensitive to GDP compared to DICE and PAGE.

Figure 3 shows that IMAGE has the highest GDP in 2100 while MERGE Optimistic has the lowest. The
ordering of global GDP levels in 2100 directly corresponds to the rank ordering of SCC for PAGE and
DICE. For FUND, the correspondence is less clear, a result that is to be expected given its less direct
relationship between its damage function and GDP.

Figure 3: Level of Global GDP across EMF Scenarios
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*’ Nordhaus (2008) runs DICE2007 with p = 1.5 and n = 2. The default approach in PAGE2002 (version 1.4epm)
treats p and n as random parameters, specified using a triangular distribution such that the min, mode, and max =
0.1, 1, and 2 for p, and 0.5, 1, and 2 for n, respectively. The FUND default value for n is 1, and Tol generates SCC
estimates for values of p = 0, 1, and 3 in many recent papers (e.g. Anthoff et al. 2009). The path of per-capita
consumption growth, g, varies over time but is treated deterministically in two of the three models. In DICE, g is
endogenous. Under Ramsey discounting, as economic growth slows in the future, the large damages from climate
change that occur far out in the future are discounted at a lower rate than impacts that occur in the nearer term.
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Table 4 shows the four selected SCC values in five year increments from 2010 to 2050. Values for 2010,
2020, 2040, and 2050 are calculated by first combining all outputs (10,000 estimates per model run)
from all scenarios and models for a given discount rate. Values for the years in between are calculated
using a simple linear interpolation.

Table 4: Social Cost of CO,, 2010 — 2050 (in 2007 dollars)

Discount Rate 5% 3% 2.5% 3%
Year Avg Avg Avg 95th
2010 4.7 . 214 351 i 649
2015 5.7 . 238 | 384 | 728
2020 6.8 . 263 | 417 | 807
2025 82 | 296 | 459 | 904
2030 9.7 . 328 | 500 | 1000
2035 112 | 360 | 542 |  109.7
2040 127 | 392 | 584 | 1193
2045 142 0 421 i 617 | 1278
2050 157 | 449 | 650 | 1362

The SCC increases over time because future emissions are expected to produce larger incremental
damages as physical and economic systems become more stressed in response to greater climatic
change. Note that this approach allows us to estimate the growth rate of the SCC directly using DICE,
PAGE, and FUND rather than assuming a constant annual growth rate as was done for the interim
estimates (using 3 percent). This helps to ensure that the estimates are internally consistent with other
modeling assumptions. Table 5 illustrates how the growth rate for these four SCC estimates varies over
time. The full set of annual SCC estimates between 2010 and 2050 is reported in the Appendix.

Table 5: Changes in the Average Annual Growth Rates of SCC Estimates between 2010 and 2050

Average Annual Growth 5% 3% 2.5% 3.0%
Rate (%) Avg Avg Avg 95th
2010-2020 3.6% 2.1% 1.7% 2.2%
2020-2030 3.7% 2.2% 1.8% 2.2%
2030-2040 2.7% 1.8% 1.6% 1.8%
2040-2050 2.1% 1.4% 1.1% 1.3%

While the SCC estimate grows over time, the future monetized value of emissions reductions in each
year (the SCC in year t multiplied by the change in emissions in year t) must be discounted to the
present to determine its total net present value for use in regulatory analysis. Damages from future
emissions should be discounted at the same rate as that used to calculate the SCC estimates themselves
to ensure internal consistency—i.e., future damages from climate change, whether they result from
emissions today or emissions in a later year, should be discounted using the same rate. For example,
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climate damages in the year 2020 that are calculated using a SCC based on a 5 percent discount rate also
should be discounted back to the analysis year using a 5 percent discount rate.”®

V. Limitations of the Analysis

As noted, any estimate of the SCC must be taken as provisional and subject to further refinement (and
possibly significant change) in accordance with evolving scientific, economic, and ethical
understandings. During the course of our modeling, it became apparent that there are several areas in
particular need of additional exploration and research. These caveats, and additional observations in
the following section, are necessary to consider when interpreting and applying the SCC estimates.

Incomplete treatment of non-catastrophic damages. The impacts of climate change are expected to be
widespread, diverse, and heterogeneous. In addition, the exact magnitude of these impacts is uncertain
because of the inherent complexity of climate processes, the economic behavior of current and future
populations, and our inability to accurately forecast technological change and adaptation. Current IAMs
do not assign value to all of the important physical, ecological, and economic impacts of climate change
recognized in the climate change literature (some of which are discussed above) because of lack of
precise information on the nature of damages and because the science incorporated into these models
understandably lags behind the most recent research. Our ability to quantify and monetize impacts will
undoubtedly improve with time. But it is also likely that even in future applications, a number of
potentially significant damage categories will remain non-monetized. (Ocean acidification is one
example of a potentially large damage from CO, emissions not quantified by any of the three models.
Species and wildlife loss is another example that is exceedingly difficult to monetize.)

Incomplete treatment of potential catastrophic damages. There has been considerable recent discussion
of the risk of catastrophic impacts and how best to account for extreme scenarios, such as the collapse
of the Atlantic Meridional Overturning Circulation or the West Antarctic Ice Sheet, or large releases of
methane from melting permafrost and warming oceans. Weitzman (2009) suggests that catastrophic
damages are extremely large—so large, in fact, that the damages from a low probability, catastrophic
event far in the future dominate the effect of the discount rate in a present value calculation and result
in an infinite willingness-to-pay for mitigation today. However, Nordhaus (2009) concluded that the
conditions under which Weitzman's results hold “are limited and do not apply to a wide range of
potential uncertain scenarios."

Using a simplified IAM, Newbold and Daigneault (2009) confirmed the potential for large catastrophe
risk premiums but also showed that the aggregate benefit estimates can be highly sensitive to the
shapes of both the climate sensitivity distribution and the damage function at high temperature
changes. Pindyck (2009) also used a simplified IAM to examine high-impact low-probability risks, using a
right-skewed gamma distribution for climate sensitivity as well as an uncertain damage coefficient, but
in most cases found only a modest risk premium. Given this difference in opinion, further research in
this area is needed before its practical significance can be fully understood and a reasonable approach
developed to account for such risks in regulatory analysis. (The next section discusses the scientific
evidence on catastrophic impacts in greater detail.)

2 However, it is possible that other benefits or costs of proposed regulations unrelated to CO, emissions will be
discounted at rates that differ from those used to develop the SCC estimates.
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Uncertainty in extrapolation of damages to high temperatures: The damage functions in these IAMs are
typically calibrated by estimating damages at moderate temperature increases (e.g., DICE was calibrated
at 2.5 °C) and extrapolated to far higher temperatures by assuming that damages increase as some
power of the temperature change. Hence, estimated damages are far more uncertain under more
extreme climate change scenarios.

Incomplete treatment of adaptation and technological change: Each of the three integrated assessment
models used here assumes a certain degree of low- or no-cost adaptation. For instance, Tol assumes a
great deal of adaptation in FUND, including widespread reliance on air conditioning ; so much so, that
the largest single benefit category in FUND is the reduced electricity costs from not having to run air
conditioning as intensively (NRC 2009).

Climate change also will increase returns on investment to develop technologies that allow individuals
to cope with adverse climate conditions, and IAMs to do not adequately account for this directed
technological change.” For example, scientists may develop crops that are better able to withstand
higher and more variable temperatures. Although DICE and FUND have both calibrated their agricultural
sectors under the assumption that farmers will change land use practices in response to climate change
(Mastrandrea, 2009), they do not take into account technological changes that lower the cost of this
adaptation over time. On the other hand, the calibrations do not account for increases in climate
variability, pests, or diseases, which could make adaptation more difficult than assumed by the IAMs for
a given temperature change. Hence, models do not adequately account for potential adaptation or
technical change that might alter the emissions pathway and resulting damages. In this respect, it is
difficult to determine whether the incomplete treatment of adaptation and technological change in
these IAMs under or overstate the likely damages.

Risk aversion: A key question unanswered during this interagency process is what to assume about
relative risk aversion with regard to high-impact outcomes. These calculations do not take into account
the possibility that individuals may have a higher willingness to pay to reduce the likelihood of low-
probability, high-impact damages than they do to reduce the likelihood of higher-probability but lower-
impact damages with the same expected cost. (The inclusion of the 95" percentile estimate in the final
set of SCC values was largely motivated by this concern.) If individuals do show such a higher willingness
to pay, a further question is whether that fact should be taken into account for regulatory policy. Even if
individuals are not risk-averse for such scenarios, it is possible that regulatory policy should include a
degree of risk-aversion.

Assuming a risk-neutral representative agent is consistent with OMB’s Circular A-4, which advises that
the estimates of benefits and costs used in regulatory analysis are usually based on the average or
the expected value and that “emphasis on these expected values is appropriate as long as society is
‘risk neutral’ with respect to the regulatory alternatives. While this may not always be the case,
[analysts] should in general assume ‘risk neutrality’ in [their] analysis.”

Nordhaus (2008) points to the need to explore the relationship between risk and income in the context
of climate change across models and to explore the role of uncertainty regarding various parameters in

> However these research dollars will be diverted from whatever their next best use would have been in the
absence of climate change (so productivity/GDP would have been still higher).
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the results. Using FUND, Anthoff et al (2009) explored the sensitivity of the SCC to Ramsey equation
parameter assumptions based on observed behavior. They conclude that “the assumed rate of risk
aversion is at least as important as the assumed rate of time preference in determining the social cost of
carbon.” Since Circular A-4 allows for a different assumption on risk preference in regulatory analysis if it
is adequately justified, we plan to continue investigating this issue.

V. A Further Discussion of Catastrophic Impacts and Damage Functions

As noted above, the damage functions underlying the three IAMs used to estimate the SCC may not
capture the economic effects of all possible adverse consequences of climate change and may therefore
lead to underestimates of the SCC (Mastrandrea 2009). In particular, the models’ functional forms may
not adequately capture: (1) potentially discontinuous “tipping point” behavior in Earth systems, (2)
inter-sectoral and inter-regional interactions, including global security impacts of high-end warming, and
(3) limited near-term substitutability between damage to natural systems and increased consumption.

It is the hope of the interagency group that over time researchers and modelers will work to fill these
gaps and that the SCC estimates used for regulatory analysis by the Federal government will continue to
evolve with improvements in modeling. In the meantime, we discuss some of the available evidence.

Extrapolation of climate damages to high levels of warming

The damage functions in the models are calibrated at moderate levels of warming and should therefore
be viewed cautiously when extrapolated to the high temperatures found in the upper end of the
distribution. Recent science suggests that there are a number of potential climatic “tipping points” at
which the Earth system may exhibit discontinuous behavior with potentially severe social and economic
consequences (e.g., Lenton et al, 2008, Kriegler et al., 2009). These tipping points include the disruption
of the Indian Summer Monsoon, dieback of the Amazon Rainforest and boreal forests, collapse of the
Greenland Ice Sheet and the West Antarctic Ice Sheet, reorganization of the Atlantic Meridional
Overturning Circulation, strengthening of El Nifio-Southern Oscillation, and the release of methane from
melting permafrost. Many of these tipping points are estimated to have thresholds between about 3 °C
and 5 °C (Lenton et al., 2008). Probabilities of several of these tipping points were assessed through
expert elicitation in 2005—-2006 by Kriegler et al. (2009); results from this study are highlighted in Table
6. Ranges of probability are averaged across core experts on each topic.

As previously mentioned, FUND does not include potentially catastrophic effects. DICE assumes a small
probability of catastrophic damages that increases with increased warming, but the damages from these
risks are incorporated as expected values (i.e., ignoring potential risk aversion). PAGE models
catastrophic impacts in a probabilistic framework (see Figure 1), so the high-end output from PAGE
potentially offers the best insight into the SCC if the world were to experience catastrophic climate
change. For instance, at the 95" percentile and a 3 percent discount rate, the SCC estimated by PAGE
across the five socio-economic and emission trajectories of $113 per ton of CO, is almost double the
value estimated by DICE, $58 per ton in 2010. We cannot evaluate how well the three models account
for catastrophic or non-catastrophic impacts, but this estimate highlights the sensitivity of SCC values in
the tails of the distribution to the assumptions made about catastrophic impacts.

31



Table 6: Probabilities of Various Tipping Points from Expert Elicitation -

Duration Additional Warming by 2100
Possible Tipping Points before effect
is fully realized | 0.5-1.5C | 1.5-3.0C 35C

(in years)
Reorganization of Atlantic Meridional Overturning Circulation | about 100 0-18% 6-39% 18-67%
Greenland Ice Sheet collapse at least 300 8-39% 33-73% 67-96%
West Antarctic Ice Sheet collapse at least 300 5-41% 10-63% 33-88%
Dieback of Amazon rainforest about 50 2-46% 14-84% 41-94%
Strengthening of El Nifio-Southern Oscillation about 100 1-13% 6-32% 19-49%
Dieback of boreal forests about 50 13-43% 20-81% 34-91%
Shift in Indian Summer Monsoon about 1 Not formally assessed
Release of methane from melting permafrost Less than 100 Not formally assessed.

PAGE treats the possibility of a catastrophic event probabilistically, while DICE treats it deterministically
(that is, by adding the expected value of the damage from a catastrophe to the aggregate damage
function). In part, this results in different probabilities being assigned to a catastrophic event across the
two models. For instance, PAGE places a probability near zero on a catastrophe at 2.5 °C warming, while
DICE assumes a 4 percent probability of a catastrophe at 2.5 °C. By comparison, Kriegler et al. (2009)
estimate a probability of at least 16-36 percent of crossing at least one of their primary climatic tipping
points in a scenario with temperatures about 2-4 °C warmer than pre-Industrial levels in 2100.

It is important to note that crossing a climatic tipping point will not necessarily lead to an economic
catastrophe in the sense used in the IAMs. A tipping point is a critical threshold across which some
aspect of the Earth system starts to shifts into a qualitatively different state (for instance, one with
dramatically reduced ice sheet volumes and higher sea levels). In the IAMs, a catastrophe is a low-
probability environmental change with high economic impact.

Failure to incorporate inter-sectoral and inter-regional interactions

The damage functions do not fully incorporate either inter-sectoral or inter-regional interactions. For
instance, while damages to the agricultural sector are incorporated, the effects of changes in food
supply on human health are not fully captured and depend on the modeler’s choice of studies used to
calibrate the IAM. Likewise, the effects of climate damages in one region of the world on another region
are not included in some of the models (FUND includes the effects of migration from sea level rise).
These inter-regional interactions, though difficult to quantify, are the basis for climate-induced national
and economic security concerns (e.g., Campbell et al., 2007; U.S. Department of Defense 2010) and are
particularly worrisome at higher levels of warming. High-end warming scenarios, for instance, project
water scarcity affecting 4.3-6.9 billion people by 2050, food scarcity affecting about 120 million
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additional people by 2080, and the creation of millions of climate refugees (Easterling et al., 2007;
Campbell et al., 2007).

Imperfect substitutability of environmental amenities

Data from the geological record of past climate changes suggests that 6 °C of warming may have severe
consequences for natural systems. For instance, during the Paleocene-Eocene Thermal Maximum about
55.5 million years ago, when the Earth experienced a geologically rapid release of carbon associated
with an approximately 5 °C increase in global mean temperatures, the effects included shifts of about
400-900 miles in the range of plants (Wing et al., 2005), and dwarfing of both land mammals (Gingerich,
2006) and soil fauna (Smith et al., 2009).

The three IAMs used here assume that it is possible to compensate for the economic consequences of
damages to natural systems through increased consumption of non-climate goods, a common
assumption in many economic models. In the context of climate change, however, it is possible that the
damages to natural systems could become so great that no increase in consumption of non-climate
goods would provide complete compensation (Levy et al., 2005). For instance, as water supplies
become scarcer or ecosystems become more fragile and less bio-diverse, the services they provide may
become increasingly more costly to replace. Uncalibrated attempts to incorporate the imperfect
substitutability of such amenities into IAMs (Sterner and Persson, 2008) indicate that the optimal degree
of emissions abatement can be considerably greater than is commonly recognized.

VI. Conclusion

The interagency group selected four SCC estimates for use in regulatory analyses. For 2010, these
estimates are $5, $21, $35, and $65 (in 2007 dollars). The first three estimates are based on the average
SCC across models and socio-economic and emissions scenarios at the 5, 3, and 2.5 percent discount
rates, respectively. The fourth value is included to represent the higher-than-expected impacts from
temperature change further out in the tails of the SCC distribution. For this purpose, we use the SCC
value for the 95" percentile at a 3 percent discount rate. The central value is the average SCC across
models at the 3 percent discount rate. For purposes of capturing the uncertainties involved in
regulatory impact analysis, we emphasize the importance and value of considering the full range. These
SCC estimates also grow over time. For instance, the central value increases to $24 per ton of CO, in
2015 and $26 per ton of CO, in 2020.

We noted a number of limitations to this analysis, including the incomplete way in which the integrated
assessment models capture catastrophic and non-catastrophic impacts, their incomplete treatment of
adaptation and technological change, uncertainty in the extrapolation of damages to high temperatures,
and assumptions regarding risk aversion. The limited amount of research linking climate impacts to
economic damages makes this modeling exercise even more difficult. It is the hope of the interagency
group that over time researchers and modelers will work to fill these gaps and that the SCC estimates
used for regulatory analysis by the Federal government will continue to evolve with improvements in
modeling.
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Appendix

Table Al: Annual SCC Values: 2010-2050 (in 2007 dollars)

Discount Rate 5% 3% 2.5% 3%
Year Avg Avg Avg 95th
2010 4.7 ] 21.4 ] 35.1 ] 64.9
2011 4.9 . 219 1 357 i 665
2012 5.1 ! 22.4 ! 36.4 ! 68.1
2013 5.3 . 28 . 370 | 696
2014 5.5 L2330 377 712
2015 5.7 . 238 | 384 | 728
2016 5.9 ! 24.3 ! 39.0 ! 74.4
2017 6.1 L 248 1 397 i 760
2018 6.3 . 253 | 404 | 775
2019 6.5 . 258 1 410 | 791
2020 6.8 ! 26.3 ! 41.7 ! 80.7
2021 7.1 L 270 | 45 i 826
2022 7.4 L 276 | 434 | 846
2023 7.7 . 283 | 442 | 85
2024 7.9 ! 28.9 ! 45.0 ! 88.4
2025 8.2 . 206 | 459 i 904
2026 8.5 L 302 | 467 i 923
2027 8.8 . 309 | 475 | 942
2028 9.1 ! 31.5 ! 48.4 ! 96.2
2029 9.4 L 321 0 492 i 981
2030 9.7 ; 32.8 ; 50.0 . 100.0
2031 100 | 334 | 509 | 1020
2032 10.3 ! 34.1 ! 51.7 ! 103.9
2033 106 | 347 i 525 | 1058
2034 10.9 ; 35.4 ; 53.4 . 1078
2035 112 | 360 | 542 | 1097
2036 11.5 ! 36.7 ! 55.0 ! 111.6
2037 118 | 373 | 559 | 1136
2038 121 | 379 | 567 | 1155
2039 124 | 386 | 575 | 1174
2040 12.7 ! 39.2 ! 58.4 ! 119.3
2041 130 | 398 | 590 | 1210
2042 133 | 404 | 597 | 1227
2043 136 | 409 | 604 | 1244
2044 13.9 ! 41.5 ! 61.0 ! 126.1
2045 142 1 41 . eL7 | 1278
2046 145 | 426 | 624 | 1294
2047 148 | 432 i 630 | 1311
2048 15.1 ! 43.8 ! 63.7 ! 132.8
2049 15.4 44.4 64.4 134.5
2050 15.7 449 65.0 136.2
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This Appendix also provides additional technical information about the non-CO, emission projections
used in the modeling and the method for extrapolating emissions forecasts through 2300, and shows
the full distribution of 2010 SCC estimates by model and scenario combination.

1. Other (non-C0O,) gases

In addition to fossil and industrial CO, emissions, each EMF scenario provides projections of methane
(CH,4), nitrous oxide (N,O), fluorinated gases, and net land use CO, emissions to 2100. These
assumptions are used in all three IAMs while retaining each model’s default radiative forcings (RF) due
to other factors (e.g., aerosols and other gases). Specifically, to obtain the RF associated with the non-
CO, EMF emissions only, we calculated the RF associated with the EMF atmospheric CO, concentrations
and subtracted them from the EMF total RF.>° This approach respects the EMF scenarios as much as
possible and at the same time takes account of those components not included in the EMF projections.
Since each model treats non-CO, gases differently (e.g., DICE lumps all other gases into one composite
exogenous input), this approach was applied slightly differently in each of the models.

FUND: Rather than relying on RF for these gases, the actual emissions from each scenario were used in
FUND. The model default trajectories for CH,, N,0, SFs, and the CO, emissions from land were replaced
with the EMF values.

PAGE: PAGE models CO,, CH,, sulfur hexafluoride (SFg), and aerosols and contains an "excess forcing"
vector that includes the RF for everything else. To include the EMF values, we removed the default CH,
and SF¢ factors®, decomposed the excess forcing vector, and constructed a new excess forcing vector
that includes the EMF RF for CH4, N,0, and fluorinated gases, as well as the model default values for
aerosols and other factors. Net land use CO, emissions were added to the fossil and industrial CO,
emissions pathway.

DICE: DICE presents the greatest challenge because all forcing due to factors other than industrial CO,
emissions is embedded in an exogenous non-CO, RF vector. To decompose this exogenous forcing path
into EMF non-CO, gases and other gases, we relied on the references in DICE2007 to the
Intergovernmental Panel on Climate Change’s (IPCC) Fourth Assessment Report (AR4) and the discussion
of aerosol forecasts in the IPCC’s Third Assessment Report (TAR) and in AR4, as explained below. In
DICE2007, Nordhaus assumes that exogenous forcing from all non-CO, sources is -0.06 W/m? in 2005, as
reported in AR4, and increases linearly to 0.3 W/m? in 2105, based on GISS projections, and then stays
constant after that time.

%0 Note EMF did not provide CO, concentrations for the IMAGE reference scenario. Thus, for this scenario, we fed
the fossil, industrial and land CO, emissions into MAGICC (considered a "neutral arbiter" model, which is tuned to
emulate the major global climate models) and the resulting CO, concentrations were used. Note also that MERGE
assumes a neutral biosphere so net land CO, emissions are set to zero for all years for the MERGE Optimistic
reference scenario, and for the MERGE component of the average 550 scenario (i.e., we add up the land use
emissions from the other three models and divide by 4).
* Both the model default CH, emissions and the initial atmospheric CH, is set to zero to avoid double counting the
effect of past CH, emissions.
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According to AR4, the RF in 2005 from CH,4, N,0, and halocarbons (approximately similar to the F-gases
in the EMF-22 scenarios) was 0.48 + 0.16 + 0.34 = 0.98 W/m? and RF from total aerosols was -1.2 W/m®.
Thus, the -.06 W/m? non-CO, forcing in DICE can be decomposed into: 0.98 W/m? due to the EMF non-
CO, gases, -1.2 W/m? due to aerosols, and the remainder, 0.16 W/m?, due to other residual forcing.

For subsequent years, we calculated the DICE default RF from aerosols and other non-CO, gases based
on the following two assumptions:

(1) RF from aerosols declines linearly from 2005 to 2100 at the rate projected by the TAR and then
stays constant thereafter, and

(2) With respect to RF from non-CO, gases not included in the EMF-22 scenarios, the share of non-
aerosol RF matches the share implicit in the AR4 summary statistics cited above and remains
constant over time.

Assumption (1) means that the RF from aerosols in 2100 equals 66 percent of that in 2000, which is the
fraction of the TAR projection of total RF from aerosols (including sulfates, black carbon, and organic
carbon) in 2100 vs. 2000 under the A1B SRES emissions scenario. Since the SRES marker scenarios were
not updated for the AR4, the TAR provides the most recent IPCC projection of aerosol forcing. We rely
on the A1B projection from the TAR because it provides one of the lower aerosol forecasts among the
SRES marker scenarios and is more consistent with the AR4 discussion of the post-SRES literature on
aerosols:

Aerosols have a net cooling effect and the representation of aerosol and aerosol precursor emissions,
including sulphur dioxide, black carbon and organic carbon, has improved in the post-SRES scenarios.
Generally, these emissions are projected to be lower than reported in SRES. {WGlII 3.2, TS.3, SPM}.*

Assuming a simple linear decline in aerosols from 2000 to 2100 also is more consistent with the recent
literature on these emissions. For example, Figure Al shows that the sulfur dioxide emissions peak over
the short-term of some SRES scenarios above the upper bound estimates of the more recent scenarios.>
Recent scenarios project sulfur emissions to peak earlier and at lower levels compared to the SRES in
part because of new information about present and planned sulfur legislation in some developing
countries, such as India and China.>* The lower bound projections of the recent literature have also

shifted downward slightly compared to the SRES scenario (IPCC 2007).

32 AR4 Synthesis Report, p. 44, http://www.ipcc.ch/pdf/assessment-report/ard/syr/ar4d syr.pdf

3 See Smith, S.J., R. Andres, E. Conception, and J. Lurz, 2004: Historical sulfur dioxide emissions, 1850-2000:
methods and results. Joint Global Research Institute, College Park, 14 pp.

* See Carmichael, G., D. Streets, G. Calori, M. Amann, M. Jacobson, J. Hansen, and H. Ueda, 2002: Changing trends
in sulphur emissions in Asia: implications for acid deposition, air pollution, and climate. Environmental Science and
Technology, 36(22):4707- 4713; Streets, D., K. Jiang, X. Hu, J. Sinton, X.-Q. Zhang, D. Xu, M. Jacobson, and J.
Hansen, 2001: Recent reductions in China’s greenhouse gas emissions. Science, 294(5548): 1835-1837.
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With these assumptions, the DICE aerosol forcing changes from -1.2 in 2005 to -0.792 in 2105 W/m?;
forcing due to other non-CO, gases not included in the EMF scenarios declines from 0.160 to 0.153
W/m?
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Figure Al: Sulphur Dioxide Emission Scenarios -
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area (and the thin dashed lines in blue) illustrates individual scenarios and the range of Smith et al. (2004).
Dotted lines indicate the minimum and maximum of SO, emissions scenarios developed pre-SRES.

Source: IPCC (2007), AR4 WGIII 3.2, http://www.ipcc.ch/publications and data/ar4/wg3/en/ch3-ens3-2-

2-4.html.

Although other approaches to decomposing the DICE exogenous forcing vector are possible, initial
sensitivity analysis suggests that the differences among reasonable alternative approaches are likely to
be minor. For example, adjusting the TAR aerosol projection above to assume that aerosols will be
maintained at 2000 levels through 2100 reduces average SCC values (for 2010) by approximately 3
percent (or less than $2); assuming all aerosols are phased out by 2100 increases average 2010 SCC
values by 6-7 percent (or $0.50-$3)-depending on the discount rate. These differences increase slightly
for SCC values in later years but are still well within 10 percent of each other as far out as 2050.

Finally, as in PAGE, the EMF net land use CO, emissions are added to the fossil and industrial CO,
emissions pathway.

2. - Extrapolating Emissions Projections to 2300

To run each model through 2300 requires assumptions about GDP, population, greenhouse gas
emissions, and radiative forcing trajectories after 2100, the last year for which these projections are
available from the EMF-22 models. These inputs were extrapolated from 2100 to 2300 as follows:

1. Population growth rate declines linearly, reaching zero in the year 2200.
2. GDP/ per capita growth rate declines linearly, reaching zero in the year 2300.
3. The decline in the fossil and industrial carbon intensity (CO,/GDP) growth rate over 2090-2100 is
maintained from 2100 through 2300.
4. Net land use CO, emissions decline linearly, reaching zero in the year 2200.
5. Non-CO, radiative forcing remains constant after 2100.
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Long run stabilization of GDP per capita was viewed as a more realistic simplifying assumption than a
linear or exponential extrapolation of the pre-2100 economic growth rate of each EMF scenario. This is
based on the idea that increasing scarcity of natural resources and the degradation of environmental
sinks available for assimilating pollution from economic production activities may eventually overtake
the rate of technological progress. Thus, the overall rate of economic growth may slow over the very
long run. The interagency group also considered allowing an exponential decline in the growth rate of
GDP per capita. However, since this would require an additional assumption about how close to zero
the growth rate would get by 2300, the group opted for the simpler and more transparent linear
extrapolation to zero by 2300.

The population growth rate is also assumed to decline linearly, reaching zero by 2200. This assumption
is reasonably consistent with the United Nations long run population forecast, which estimates global
population to be fairly stable after 2150 in the medium scenario (UN 2004).*® The resulting range of
EMF population trajectories (Figure A2) also encompass the UN medium scenario forecasts through
2300 — global population of 8.5 billion by 2200, and 9 billion by 2300.

Maintaining the decline in the 2090-2100 carbon intensity growth rate (i.e., CO, per dollar of GDP)
through 2300 assumes that technological improvements and innovations in the areas of energy
efficiency and other carbon reducing technologies (possibly including currently unavailable methods)
will continue to proceed at roughly the same pace that is projected to occur towards the end of the
forecast period for each EMF scenario. This assumption implies that total cumulative emissions in 2300
will be between 5,000 and 12,000 GtC, which is within the range of the total potential global carbon
stock estimated in the literature.

Net land use CO, emissions are expected to stabilize in the long run, so in the absence of any post 2100
projections, the group assumed a linear decline to zero by 2200. Given no a priori reasons for assuming
a long run increase or decline in non-CO, radiative forcing, it is assumed to remain at the 2100 levels for
each EMF scenario through 2300.

Figures A2-A7 show the paths of global population, GDP, fossil and industrial CO, emissions, net land
CO, emissions, non-CO, radiative forcing, and CO, intensity (fossil and industrial CO, emissions/GDP)
resulting from these assumptions.

** United Nations. 2004. World Population to 2300.
http://www.un.org/esa/population/publications/longrange2/worldpop2300final.pdf
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Figure A2. Global Population, 2000-2300 (Post-2100 extrapolations assume the population growth -

rate changes linearly to reach a zero growth rate by 2200.) -
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CO,e, full-participation, not-to-exceed scenarios considered by each of the four models.

Figure A3. World GDP, 2000-2300 (Post-2100 extrapolations assume GDP per capita growth declines

linearly, reaching zero in the year 2300)
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Note: In the fifth scenario, 2000-2100 GDP is equal to the average of the GDP under the 550 ppm CO.e, full-
participation, not-to-exceed scenarios considered by each of the four models.
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Figure A4. Global Fossil and Industrial CO, Emissions, 2000-2300 (Post-2100 extrapolations assume
growth rate of CO, intensity (CO,/GDP) over 2090-2100 is maintained through 2300.)
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Note: In the fifth scenario, 2000-2100 emissions are equal to the average of the emissions under the 550 ppm
CO2e, full-participation, not-to-exceed scenarios considered by each of the four models.

Figure A5. Global Net Land Use CO, Emissions, 2000-2300 (Post-2100 extrapolations assume emissions
decline linearly, reaching zero in the year 2200)*
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Note: In the fifth scenario, 2000-2100 emissions are equal to the average of the emissions under the 550 ppm
CO2e, full-participation, not-to-exceed scenarios considered by each of the four models.

** MERGE assumes a neutral biosphere so net land CO, emissions are set to zero for all years for the MERGE
Optimistic reference scenario, and for the MERGE component of the average 550 scenario (i.e., we add up the land
use emissions from the other three models and divide by 4).
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Figure A6. Global Non-CO, Radiative Forcing, 2000-2300 (Post-2100 extrapolations assume constant

non-CO, radiative forcing after 2100.)
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Note: In the fifth scenario, 2000-2100 emissions are equal to the average of the emissions under the 550 ppm

CO2e, full-participation, not-to-exceed scenarios considered by each of the four models.

Figure A7. Global CO, Intensity (fossil & industrial CO, emissions/GDP), 2000-2300 (Post-2100

extrapolations assume decline in CO,/GDP growth rate over 2090-2100 is maintained through 2300.)
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Note: In the fifth scenario, 2000-2100 emissions are equal to the average of the emissions under the 550 ppm

CO,e, full-participation, not-to-exceed scenarios considered by each of the four models.
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Table A2. 2010 Global SCC Estimates at 2.5 Percent Discount Rate (2007$/ton CO,)

Percentile 1st 5th 10th 25th 50th Avg 75th 90th 95th 99th
Scenario PAGE

IMAGE 3.3 5.9 8.1 13.9 28.8 65.5 68.2 147.9 239.6  563.8
MERGE optimistic 1.9 3.2 4.3 7.2 14.6 34.6 36.2 79.8 124.8  288.3
Message 2.4 4.3 5.8 9.8 20.3 49.2 50.7 114.9 181.7 428.4
MiniCAM base 2.7 4.6 6.4 11.2 22.8 54.7 55.7 120.5 195.3 482.3
5th scenario 2.0 3.5 4.7 8.1 16.3 42.9 41.5 103.9 176.3  371.9
Scenario ! DICE

IMAGE 1164 214 25 33.3 46.8 54.2 69.7 96.3 1111 130.0
MERGE optimistic 1 9.7 12.6 14.9 19.7 27.9 31.6 40.7 54.5 63.5 73.3
Message ' 135 17.2 20.1 27 38.5 435 55.1 75.8 87.9 103.0
MiniCAM base 13.1  16.7 19.8 26.7 38.6 44.4 56.8 79.5 92.8 109.3
5th scenario ! 10.8 14 16.7 22.2 32 37.4 47.7 67.8 80.2 96.8
Scenario | FUND

IMAGE 1-33.1 -189 -13.3 -5.5 4.1 19.3 18.7 435 67.1 150.7
MERGE optimistic -33.1 -14.8 -10 -3 5.9 14.8 20.4 43.9 65.4 132.9
Message 1 -32.5 -19.8 -14.6 -7.2 1.5 8.8 13.8 33.7 52.3 119.2
MiniCAM base 1 -31.0 -159 -10.7 -3.4 6 22.2 21 46.4 70.4 152.9
5th scenario -32.2 -216 -16.7 -9.7 -2.3 3 6.7 20.5 34.2 96.8

Table A3. 2010 Gliobai SCC Estimates at 3 Percent Discount Rate (2007$/ton CO,)

Percentile L 1st 5th 10th 25th 50th Avg 75th 90th 95th 99th
Scenario PAGE

IMAGE 1 2.0 3.5 4.8 8.1 16.5 39.5 41.6 90.3 142.4 3274
MERGE optimistic 1.2 2.1 2.8 4.6 9.3 22.3 22.8 51.3 82.4 190.0
Message P 1.6 2.7 3.6 6.2 12.5 30.3 31 71.4 115.6  263.0
MiniCAM base 1.7 2.8 3.8 6.5 13.2 31.8 324 72.6 1154  287.0
5th scenario 1.3 2.3 3.1 5 9.6 25.4 23.6 62.1 104.7 2225
Scenario ' DICE

IMAGE 11.0 145 17.2 22.8 31.6 35.8 45.4 61.9 70.8 82.1
MERGE optimistic p7.4 9.2 10.8 14.3 19.9 22 27.9 36.9 42.1 48.8
Message 9.7 125 14.7 19 26.6 29.8 37.8 51.1 58.6 67.4
MiniCAM base 8.8 11.5 13.6 18 25.2 28.8 36.9 50.4 57.9 67.8
5th scenario 7.9 10.1 11.8 15.6 21.6 24.9 31.8 43.7 50.8 60.6
Scenario . FUND

IMAGE 1252 -15.3  -11.2 -5.6 0.9 8.2 10.4 25.4 39.7 90.3
MERGE optimistic 1240 -12.4 -8.7 -3.6 2.6 8 12.2 27 41.3 85.3
Message -25.3 -16.2 -12.2 -6.8 -0.5 3.6 7.7 20.1 321 72.5
MiniCAM base 1 -23.1 -12.9 -9.3 -4 2.4 10.2 12.2 27.7 42.6 93.0
5th scenario 1241 -16.6 -13.2 -8.3 -3 -0.2 2.9 11.2 19.4 53.6
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Table A4. 2010 Global SCC Estimates at 5 Percent Discount Rate (2007$/ton CO,)

Percentile . 1st  5th 10th 25th 50th Avg 75th 90th 95th 99th
Scenario : PAGE

IMAGE ! 0.5 0.8 11 1.8 3.5 8.3 8.5 19.5 314 67.2
MERGE optimistic 0.3 0.5 0.7 1.2 23 5.2 54 12.3 19.5 42.4
Message © 0.4 0.7 0.9 1.6 3 7.2 7.2 17 28.2 60.8
MiniCAM base 1 0.3 0.6 0.8 1.4 2.7 6.4 6.6 15.9 24.9 52.6
5th scenario 0.3 0.6 0.8 1.3 2.3 5.5 5 12.9 22 48.7
Scenario ! DICE

IMAGE r4.2 5.4 6.2 7.6 10 10.8 134 16.8 18.7 21.1
MERGE optimistic 1 2.9 3.7 4.2 5.3 7 7.5 9.3 11.7 12.9 14.4
Message | 3.9 4.9 5.5 7 9.2 9.8 12.2 15.4 17.1 18.8
MiniCAM base 34 4.2 4.7 6 7.9 8.6 10.7 135 15.1 16.9
5th scenario 3.2 4 4.6 5.7 7.6 8.2 10.2 12.8 14.3 16.0
Scenario | FUND

IMAGE 1 -11.7 -84 -6.9 -4.6 -2.2 -1.3 0.7 4.1 7.4 17.4
MERGE optimistic -10.6 -7.1 -5.6 -3.6 -1.3 -0.3 1.6 54 9.1 19.0
Message 1 =122 -8.9 -7.3 -4.9 -2.5 -1.9 0.3 35 6.5 15.6
MiniCAM base 1 -10.4 7.2 -5.8 -3.8 -1.5 -0.6 1.3 4.8 8.2 18.0
5th scenario -109 -8.3 -7 -5 -2.9 -2.7 -0.8 1.4 3.2 9.2

Figure A8. Histogram of Global SCC Estimates in 2010 (2007$/ton CO,), by discount rate
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* The distribution of SCC values ranges from -$5,192 to $66,116 but the X-axis has been truncated at

approximately the 1% and 99" percentiles to better show the data.

49




0s

€8SS'€T O0'6YT  9TEL'OST 9ET | S9/68T  0'8ZT  STBEIT 09 | O6LKT T8 0.  €1- |  aNnd

8EvT '8 09vS6 €6V | 0TST 98 LESE'E 86T | YU €9 09eT 9 |  39vd

T 1 6vES T | 60 T 860C €87 | TO 80 T'€T 06 | 3dIa

SISOLINY SSOUMBDXS aJuelepn uesan m SISOLINY SSOUMBD)S o2duellep  UBIIN m SISO1INY  SSOUMBDMS JUBlIBA Uea|AN m 011DU32§
%S°T | %€ | %S | 3104 UN03sIg

- s33eWNs3 IS [BGOID OTOT 4O SINSHEIS AlBWIWING [EUORIPPY *SY d|qeL




This page intentionally left blank.



Contribution of Working Group Il to the
Fourth Assessment Report of the
Intergovernmental Panel on Climate Change

Summary for Policymakers

This summary, approved in detail at the Eighth Session of IPCC Working Group Il (Brussels, Belgium, 2-5 April 2007),
represents the formally agreed statement of the IPCC concerning the sensitivity, adaptive capacity and vulnerability of
natural and human systems to climate change, and the potential consequences of climate change.

Drafting Authors:

Neil Adger, Pramod Aggarwal, Shardul Agrawala, Joseph Alcamo, Abdelkader Allali, Oleg Anisimov, Nigel Arnell, Michel Boko,
Osvaldo Canziani, Timothy Carter, Gino Casassa, Ulisses Confalonieri, Rex Victor Cruz, Edmundo de Alba Alcaraz, William Easterling,
Christopher Field, Andreas Fischlin, Blair Fitzharris, Carlos Gay Garcia, Clair Hanson, Hideo Harasawa, Kevin Hennessy,

Saleemul Hug, Roger Jones, Lucka Kajfez Bogataj, David Karoly, Richard Klein, Zbigniew Kundzewicz, Murari Lal, Rodel Lasco,
Geoff Love, Xianfu Lu, Graciela Magrin, Luis José Mata, Roger McLean, Bettina Menne, Guy Midgley, Nobuo Mimura,

Monirul Qader Mirza, José Moreno, Linda Mortsch, Isabelle Niang-Diop, Robert Nicholls, Béla Novaky, Leonard Nurse,

Anthony Nyong, Michael Oppenheimer, Jean Palutikof, Martin Parry, Anand Patwardhan, Patricia Romero Lankao,

Cynthia Rosenzweig, Stephen Schneider, Serguei Semenov, Joel Smith, John Stone, Jean-Pascal van Ypersele, David Vaughan,
Coleen Vogel, Thomas Wilbanks, Poh Poh Wong, Shaohong Wu, Gary Yohe

This Summary for Policymakers should be cited as:

IPCC, 2007: Summary for Policymakers. In: Climate Change 2007: Impacts, Adaptation and Vulnerability. Contribution of Working
Group Il to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change, M.L. Parry, O.F. Canziani,

J.P. Palutikof, P.J. van der Linden and C.E. Hanson, Eds., Cambridge University Press, Cambridge, UK, 7-22.



Summary for Policymakers

A. Introduction

This Summary sets out the key policy-relevant findings of the
Fourth Assessment of Working Group II of the Intergovernmental
Panel on Climate Change (IPCC).

The Assessment is of current scientific understanding of the
impacts of climate change on natural, managed and human
systems, the capacity of these systems to adapt and their
vulnerability.! It builds upon past IPCC assessments and
incorporates new knowledge gained since the Third Assessment.

Statements in this Summary are based on chapters in the
Assessment and principal sources are given at the end of each
paragraph

B. Current knowledge about observed

impacts of climate change on the
natural and human environment

A full consideration of observed climate change is provided in
the Working Group I Fourth Assessment. This part of the
Working Group II Summary concerns the relationship between
observed climate change and recent observed changes in the
natural and human environment.

The statements presented here are based largely on data sets that
cover the period since 1970. The number of studies of observed
trends in the physical and biological environment and their
relationship to regional climate changes has increased greatly
since the Third Assessment in 2001. The quality of the data sets
has also improved. There is, however, a notable lack of
geographical balance in the data and literature on observed
changes, with marked scarcity in developing countries.

Recent studies have allowed a broader and more confident
assessment of the relationship between observed warming and
impacts than was made in the Third Assessment. That
Assessment concluded that “there is high confidence? that recent
regional changes in temperature have had discernible impacts
on many physical and biological systems”.

From the current Assessment we conclude the following.

Observational evidence from all continents and most oceans
shows that many natural systems are being affected by
regional climate changes, particularly temperature increases.

With regard to changes in snow, ice and frozen ground

(including permafrost),* there is high confidence that natural

systems are affected. Examples are:

e enlargement and increased numbers of glacial lakes [1.3];

e increasing ground instability in permafrost regions, and rock
avalanches in mountain regions [1.3];

* changes in some Arctic and Antarctic ecosystems, including
those in sea-ice biomes, and also predators high in the food
chain [1.3,4 .4, 15 .4].

Based on growing evidence, there is high confidence that the

following effects on hydrological systems are occurring:

e increased runoff and earlier spring peak discharge in many
glacier- and snow-fed rivers [1.3];

e warming of lakes and rivers in many regions, with effects on
thermal structure and water quality [1.3].

There is very high confidence, based on more evidence from a

wider range of species, that recent warming is strongly affecting

terrestrial biological systems, including such changes as:

e earlier timing of spring events, such as leaf-unfolding, bird
migration and egg-laying [1.3];

* poleward and upward shifts in ranges in plant and animal
species [1.3, 8.2, 14.2].

Based on satellite observations since the early 1980s, there is high
confidence that there has been a trend in many regions towards
earlier ‘greening’ of vegetation in the spring linked to longer
thermal growing seasons due to recent warming [1.3, 14.2].

There is high confidence, based on substantial new evidence,

that observed changes in marine and freshwater biological

systems are associated with rising water temperatures, as well as

related changes in ice cover, salinity, oxygen levels and

circulation [1.3]. These include:

e shifts in ranges and changes in algal, plankton and fish
abundance in high-latitude oceans [1.3];

e increases in algal and zooplankton abundance in high-latitude
and high-altitude lakes [1.3];

 range changes and earlier migrations of fish in rivers [1.3].

' For definitions, see Endbox 1.

2 Sources to statements are given in square brackets. For example, [3.3] refers to Chapter 3, Section 3. In the sourcing, F = Figure, T = Table, B = Box and ES =

Executive Summary.
3 See Endbox 2.
4 See Working Group | Fourth Assessment.

5 Measured by the Normalised Difference Vegetation Index, which is a relative measure of the amount of green vegetation in an area based on satellite images.
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The uptake of anthropogenic carbon since 1750 has led to the
ocean becoming more acidic, with an average decrease in pH of
0.1 units [IPCC Working Group I Fourth Assessment]. However,
the effects of observed ocean acidification on the marine
biosphere are as yet undocumented [1.3].

A global assessment of data since 1970 has shown it is likely®
that anthropogenic warming has had a discernible influence
on many physical and biological systems.

Much more evidence has accumulated over the past five years to
indicate that changes in many physical and biological systems
are linked to anthropogenic warming. There are four sets of
evidence which, taken together, support this conclusion:

1. The Working Group I Fourth Assessment concluded that most
of the observed increase in the globally averaged temperature
since the mid-20th century is very likely due to the observed
increase in anthropogenic greenhouse gas concentrations.

2. Of the more than 29,000 observational data series,” from 75
studies, that show significant change in many physical and
biological systems, more than 89% are consistent with the
direction of change expected as a response to warming
(Figure SPM.1) [1.4].

3. A global synthesis of studies in this Assessment strongly
demonstrates that the spatial agreement between regions of
significant warming across the globe and the locations of
significant observed changes in many systems consistent
with warming is very unlikely to be due solely to natural
variability of temperatures or natural variability of the
systems (Figure SPM.1) [1.4].

4. Finally, there have been several modelling studies that have
linked responses in some physical and biological systems to
anthropogenic warming by comparing observed responses in
these systems with modelled responses in which the natural
forcings (solar activity and volcanoes) and anthropogenic
forcings (greenhouse gases and aerosols) are explicitly
separated. Models with combined natural and anthropogenic
forcings simulate observed responses significantly better than
models with natural forcing only [1.4].

Limitations and gaps prevent more complete attribution of the
causes of observed system responses to anthropogenic warming.
First, the available analyses are limited in the number of systems
and locations considered. Second, natural temperature variability
is larger at the regional than at the global scale, thus affecting

identification of changes due to external forcing. Finally, at the
regional scale other factors (such as land-use change, pollution,
and invasive species) are influential [1.4].

Nevertheless, the consistency between observed and modelled
changes in several studies and the spatial agreement between
significant regional warming and consistent impacts at the global
scale is sufficient to conclude with high confidence that
anthropogenic warming over the last three decades has had a
discernible influence on many physical and biological systems
[1.4].

Other effects of regional climate changes on natural and
human environments are emerging, although many are
difficult to discern due to adaptation and non-climatic drivers.

Effects of temperature increases have been documented in the
following (medium confidence):

e effects on agricultural and forestry management at Northern
Hemisphere higher latitudes, such as earlier spring planting of
crops, and alterations in disturbance regimes of forests due
to fires and pests [1.3];

* some aspects of human health, such as heat-related mortality
in Europe, infectious disease vectors in some areas, and
allergenic pollen in Northern Hemisphere high and mid-
latitudes [1.3, 8.2, 8.ES];

e some human activities in the Arctic (e.g., hunting and travel
over snow and ice) and in lower-elevation alpine areas (such
as mountain sports) [1.3].

Recent climate changes and climate variations are beginning to
have effects on many other natural and human systems.
However, based on the published literature, the impacts have not
yet become established trends. Examples include:

 Settlements in mountain regions are at enhanced risk of
glacier lake outburst floods caused by melting glaciers.
Governmental institutions in some places have begun to
respond by building dams and drainage works [1.3].

¢ In the Sahelian region of Africa, warmer and drier conditions
have led to a reduced length of growing season with
detrimental effects on crops. In southern Africa, longer dry
seasons and more uncertain rainfall are prompting adaptation
measures [1.3].

e Sea-level rise and human development are together
contributing to losses of coastal wetlands and mangroves and
increasing damage from coastal flooding in many areas [1.3].

6 See Endbox 2.

7 A subset of about 29,000 data series was selected from about 80,000 data series from 577 studies. These met the following criteria: (1) ending in 1990 or later; (2) spanning
a period of at least 20 years; and (3) showing a significant change in either direction, as assessed in individual studies.
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Changes in physical and biological systems and surface temperature 1970-2004

28,115 28,586 28,671
NAM LA EUR/ AFR AS ANZ PR* TER/ MFW* GLO/
355 | 455 53| 5 119 / 5 2 106 | 8 6 0 120 | 24 764 / 1 85 765 ’
94%|92% 98%(100%| |94%(89% 100%|100% 96%|100%| |100%| — 91%](100% 94%|90%| [100%]| 99% 94%(90%

Observed data series Physical Biological
O H 1 . .
Physpal systems (snow, |c§ and fr(lazen ground; hydrology; coastal processes) Number of | Number of
© Biological systems (terrestrial, marine, and freshwater) significant | significant
observed observed
Europe *** changes changes
° 1-30 Temperature change °C Percentage | Percentage
o 31-100 1970-2004 of significant | of significant
) - changes changes
0 101-800 | | - consistent consistent
O 801-1,200 10 -02 02 10 20 35 with warming | with warming
O 1201 -7500

* Polar regions include also observed changes in marine and freshwater biological systems.

** Marine and freshwater includes observed changes at sites and large areas in oceans, small islands and continents.
Locations of large-area marine changes are not shown on the map.

*** Circles in Europe represent 1 to 7,500 data series.

Figure SPM.1. Locations of significant changes in data series of physical systems (snow, ice and frozen ground; hydrology; and coastal processes) and
biological systems (terrestrial, marine, and freshwater biological systems), are shown together with surface air temperature changes over the period 1970-2004.
A subset of about 29,000 data series was selected from about 80,000 data series from 577 studies. These met the following criteria: (1) ending in 1990 or later;
(2) spanning a period of at least 20 years; and (3) showing a significant change in either direction, as assessed in individual studies. These data series are from
about 75 studlies (of which about 70 are new since the Third Assessment) and contain about 29,000 data series, of which about 28,000 are from European
studies. White areas do not contain sufficient observational climate data to estimate a temperature trend. The 2 x 2 boxes show the total number of data series
with significant changes (top row) and the percentage of those consistent with warming (bottom row) for (i) continental regions: North America (NAM), Latin
America (LA), Europe (EUR), Africa (AFR), Asia (AS), Australia and New Zealand (ANZ), and Polar Regions (PR) and (i) global-scale: Terrestrial (TER), Marine
and Freshwater (MFW), and Global (GLO). The numbers of studies from the seven regional boxes (NAM, ..., PR) do not add up to the global (GLO) totals
because numbers from regions except Polar do not include the numbers related to Marine and Freshwater (MIFW) systems. Locations of large-area marine
changes are not shown on the map. [Working Group Il Fourth Assessment F1.8, F1.9; Working Group | Fourth Assessment F3.9b].
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C. Current knowledge about future impacts

The following is a selection of the key findings regarding
projected impacts, as well as some findings on vulnerability and
adaptation, in each system, sector and region for the range of
(unmitigated) climate changes projected by the IPCC over this
century® judged to be relevant for people and the environment.’
The impacts frequently reflect projected changes in precipitation
and other climate variables in addition to temperature, sea level
and concentrations of atmospheric carbon dioxide. The magnitude
and timing of impacts will vary with the amount and timing of
climate change and, in some cases, the capacity to adapt. These
issues are discussed further in later sections of the Summary.

More specific information is now available across a wide
range of systems and sectors concerning the nature of future
impacts, including for some fields not covered in previous
assessments.

Freshwater resources and their management

By mid-century, annual average river runoff and water availability
are projected to increase by 10-40% at high latitudes and in some
wet tropical areas, and decrease by 10-30% over some dry regions
at mid-latitudes and in the dry tropics, some of which are presently
water-stressed areas. In some places and in particular seasons,
changes differ from these annual figures. ** D'° [3.4]

Drought-affected areas will likely increase in extent. Heavy
precipitation events, which are very likely to increase in frequency,
will augment flood risk. ** N [Working Group I Fourth Assessment
Table SPM-2, Working Group II Fourth Assessment 3 4]

In the course of the century, water supplies stored in glaciers and snow
cover are projected to decline, reducing water availability in regions
supplied by meltwater from major mountain ranges, where more than
one-sixth of the world population currently lives. ** N [3.4]

Adaptation procedures and risk management practices for the
water sector are being developed in some countries and regions
that have recognised projected hydrological changes with related
uncertainties. *** N [3.6]

Ecosystems

The resilience of many ecosystems is likely to be exceeded this
century by an unprecedented combination of climate change,
associated disturbances (e.g., flooding, drought, wildfire, insects,
ocean acidification), and other global change drivers (e.g., land-
use change, pollution, over-exploitation of resources). ** N [4.1
t0 4.6]

Over the course of this century, net carbon uptake by terrestrial
ecosystems is likely to peak before mid-century and then weaken
or even reverse,'! thus amplifying climate change. ** N [4.ES,
F4.2]

Approximately 20-30% of plant and animal species assessed so
far are likely to be at increased risk of extinction if increases in
global average temperature exceed 1.5-2.5°C. * N [4.4,T4.1]

For increases in global average temperature exceeding 1.5-2.5°C
and in concomitant atmospheric carbon dioxide concentrations,
there are projected to be major changes in ecosystem structure
and function, species’ ecological interactions, and species’
geographical ranges, with predominantly negative consequences
for biodiversity, and ecosystem goods and services e.g., water
and food supply. ** N [4.4]

The progressive acidification of oceans due to increasing
atmospheric carbon dioxide is expected to have negative impacts
on marine shell-forming organisms (e.g., corals) and their
dependent species. * N [B4.4, 6.4]

Food, fibre and forest products

Crop productivity is projected to increase slightly at mid- to high
latitudes for local mean temperature increases of up to 1-3°C
depending on the crop, and then decrease beyond that in some
regions. * D [5.4]

At lower latitudes, especially seasonally dry and tropical
regions, crop productivity is projected to decrease for even small
local temperature increases (1-2°C), which would increase the
risk of hunger. * D [5.4]

Globally, the potential for food production is projected to
increase with increases in local average temperature over a range
of 1-3°C, but above this it is projected to decrease. * D [5.4,5.6]

8 Temperature changes are expressed as the difference from the period 1980-1999. To express the change relative to the period 1850-1899, add 0.5°C.
¢ Criteria of choice: magnitude and timing of impact, confidence in the assessment, representative coverage of the system, sector and region.

9 In Section C, the following conventions are used:
Relationship to the Third Assessment:

D Further development of a conclusion in the Third Assessment
N New conclusion, not in the Third Assessment

Level of confidence in the whole statement:

o Very high confidence

b High confidence

* Medium confidence

" Assuming continued greenhouse gas emissions at or above current rates and other global changes including land-use changes.
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Increases in the frequency of droughts and floods are projected to
affect local crop production negatively, especially in subsistence
sectors at low latitudes. ** D [5.4, 5.ES]

Adaptations such as altered cultivars and planting times allow
low- and mid- to high-latitude cereal yields to be maintained at
or above baseline yields for modest warming. * N [5.5]

Globally, commercial timber productivity rises modestly with
climate change in the short- to medium-term, with large regional
variability around the global trend. * D [5 4]

Regional changes in the distribution and production of particular
fish species are expected due to continued warming, with adverse
effects projected for aquaculture and fisheries. ** D [5.4]

Coastal systems and low-lying areas

Coasts are projected to be exposed to increasing risks, including
coastal erosion, due to climate change and sea-level rise. The
effect will be exacerbated by increasing human-induced pressures
on coastal areas. *** D [6.3, 6.4]

Corals are vulnerable to thermal stress and have low adaptive
capacity. Increases in sea surface temperature of about 1-3°C are
projected to result in more frequent coral bleaching events and
widespread mortality, unless there is thermal adaptation or
acclimatisation by corals. *** D [B6.1, 6.4]

Coastal wetlands including salt marshes and mangroves are
projected to be negatively affected by sea-level rise especially
where they are constrained on their landward side, or starved of
sediment. *** D [6.4]

Many millions more people are projected to be flooded every year
due to sea-level rise by the 2080s. Those densely-populated and
low-lying areas where adaptive capacity is relatively low, and
which already face other challenges such as tropical storms or
local coastal subsidence, are especially at risk. The numbers
affected will be largest in the mega-deltas of Asia and Africa while
small islands are especially vulnerable. *** D [6.4]

Adaptation for coasts will be more challenging in developing
countries than in developed countries, due to constraints on
adaptive capacity. ** D [6.4,6.5,T6.11]

Industry, settlement and society

Costs and benefits of climate change for industry, settlement and
society will vary widely by location and scale. In the aggregate,
however, net effects will tend to be more negative the larger the
change in climate. ** N [7 .4, 7.6]

The most vulnerable industries, settlements and societies are
generally those in coastal and river flood plains, those whose
economies are closely linked with climate-sensitive resources,
and those in areas prone to extreme weather events, especially
where rapid urbanisation is occurring. ** D [7.1,7.3 to 7.5]

Poor communities can be especially vulnerable, in particular
those concentrated in high-risk areas. They tend to have more
limited adaptive capacities, and are more dependent on
climate-sensitive resources such as local water and food
supplies. ** N [7.2,7.4,5.4]

Where extreme weather events become more intense and/or
more frequent, the economic and social costs of those events
will increase, and these increases will be substantial in the areas
most directly affected. Climate change impacts spread from
directly impacted areas and sectors to other areas and sectors
through extensive and complex linkages. ** N [7.4,7.5]

Health

Projected climate change-related exposures are likely to affect
the health status of millions of people, particularly those with
low adaptive capacity, through:

e increases in malnutrition and consequent disorders, with
implications for child growth and development;

eincreased deaths, disease and injury due to heatwaves,
floods, storms, fires and droughts;

e the increased burden of diarrhoeal disease;

e the increased frequency of cardio-respiratory diseases due
to higher concentrations of ground-level ozone related to
climate change; and,

e the altered spatial distribution of some infectious disease
vectors. ** D [8.4, 8.ES, 8.2]

Climate change is expected to have some mixed effects, such
as a decrease or increase in the range and transmission
potential of malaria in Africa. ** D [8.4]

Studies in temperate areas'? have shown that climate change
is projected to bring some benefits, such as fewer deaths from
cold exposure. Overall it is expected that these benefits will be
outweighed by the negative health effects of rising
temperatures worldwide, especially in developing countries.
** D [8.4]

The balance of positive and negative health impacts will vary
from one location to another, and will alter over time as
temperatures continue to rise. Critically important will be
factors that directly shape the health of populations such as
education, health care, public health initiatives and
infrastructure and economic development. *** N [8.3]

12 Studies mainly in industrialised countries.

12



Summary for Policymakers

More specific information is now available across the
regions of the world concerning the nature of future
impacts, including for some places not covered in previous
assessments.

Africa

By 2020, between 75 million and 250 million people are
projected to be exposed to increased water stress due to climate
change. If coupled with increased demand, this will adversely
affect livelihoods and exacerbate water-related problems. ** D
[94,34,8.2,84]

Agricultural production, including access to food, in many
African countries and regions is projected to be severely
compromised by climate variability and change. The area
suitable for agriculture, the length of growing seasons and yield
potential, particularly along the margins of semi-arid and arid
areas, are expected to decrease. This would further adversely
affect food security and exacerbate malnutrition in the continent.
In some countries, yields from rain-fed agriculture could be
reduced by up to 50% by 2020. ** N [9.2,9.4, 9.6]

Local food supplies are projected to be negatively affected by
decreasing fisheries resources in large lakes due to rising water
temperatures, which may be exacerbated by continued over-
fishing. ** N [9.4,5.4,8.4]

Towards the end of the 21st century, projected sea-level rise will
affect low-lying coastal areas with large populations. The cost of
adaptation could amount to at least 5-10% of Gross Domestic
Product (GDP). Mangroves and coral reefs are projected to be
further degraded, with additional consequences for fisheries and
tourism. ** D [9.4]

New studies confirm that Africa is one of the most vulnerable
continents to climate variability and change because of multiple
stresses and low adaptive capacity. Some adaptation to current
climate variability is taking place; however, this may be
insufficient for future changes in climate. ** N [9.5]

Asia

Glacier melt in the Himalayas is projected to increase flooding,
and rock avalanches from destabilised slopes, and to affect water
resources within the next two to three decades. This will be
followed by decreased river flows as the glaciers recede. * N
[10.2,104]

Freshwater availability in Central, South, East and South-East Asia,
particularly in large river basins, is projected to decrease due to
climate change which, along with population growth and increasing
demand arising from higher standards of living, could adversely
affect more than a billion people by the 2050s. ** N [10.4]

Coastal areas, especially heavily-populated megadelta regions
in South, East and South-East Asia, will be at greatest risk due
to increased flooding from the sea and, in some megadeltas,
flooding from the rivers. ** D [10.4]

Climate change is projected to impinge on the sustainable
development of most developing countries of Asia, as it
compounds the pressures on natural resources and the
environment associated with rapid urbanisation, industrialisation,
and economic development. ** D [10.5]

It is projected that crop yields could increase up to 20% in East
and South-East Asia while they could decrease up to 30% in
Central and South Asia by the mid-21st century. Taken together,
and considering the influence of rapid population growth and
urbanisation, the risk of hunger is projected to remain very high
in several developing countries. * N [10.4]

Endemic morbidity and mortality due to diarrhoeal disease
primarily associated with floods and droughts are expected to
rise in East, South and South-East Asia due to projected changes
in the hydrological cycle associated with global warming.
Increases in coastal water temperature would exacerbate the
abundance and/or toxicity of cholera in South Asia. **N [10.4]

Australia and New Zealand

As a result of reduced precipitation and increased evaporation,
water security problems are projected to intensify by 2030 in
southern and eastern Australia and, in New Zealand, in
Northland and some eastern regions. ** D [11.4]

Significant loss of biodiversity is projected to occur by 2020 in
some ecologically rich sites including the Great Barrier Reef and
Queensland Wet Tropics. Other sites at risk include Kakadu
wetlands, south-west Australia, sub-Antarctic islands and the
alpine areas of both countries. *** D [11.4]

Ongoing coastal development and population growth in areas
such as Cairns and South-east Queensland (Australia) and
Northland to Bay of Plenty (New Zealand), are projected to
exacerbate risks from sea-level rise and increases in the severity
and frequency of storms and coastal flooding by 2050. *** D
[11.4,11.6]
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Production from agriculture and forestry by 2030 is projected to
decline over much of southern and eastern Australia, and over
parts of eastern New Zealand, due to increased drought and fire.
However, in New Zealand, initial benefits are projected in western
and southern areas and close to major rivers due to a longer
growing season, less frost and increased rainfall. ** N [11.4]

The region has substantial adaptive capacity due to well-
developed economies and scientific and technical capabilities,
but there are considerable constraints to implementation and
major challenges from changes in extreme events. Natural
systems have limited adaptive capacity. ** N [11.2, 11.5]

Europe

For the first time, wide-ranging impacts of changes in current
climate have been documented: retreating glaciers, longer
growing seasons, shift of species ranges, and health impacts due
to a heatwave of unprecedented magnitude. The observed
changes described above are consistent with those projected for
future climate change. *** N [12.2, 12.4, 12.6]

Nearly all European regions are anticipated to be negatively
affected by some future impacts of climate change, and these
will pose challenges to many economic sectors. Climate change
is expected to magnify regional differences in Europe’s natural
resources and assets. Negative impacts will include increased
risk of inland flash floods, and more frequent coastal flooding
and increased erosion (due to storminess and sea-level rise). The
great majority of organisms and ecosystems will have difficulty
adapting to climate change. Mountainous areas will face glacier
retreat, reduced snow cover and winter tourism, and extensive
species losses (in some areas up to 60% under high emission
scenarios by 2080). *** D [12.4]

In Southern Europe, climate change is projected to worsen
conditions (high temperatures and drought) in a region already
vulnerable to climate variability, and to reduce water availability,
hydropower potential, summer tourism and, in general, crop
productivity. It is also projected to increase health risks due to heat-
waves, and the frequency of wildfires. ** D [12.2, 124, 12.7]

In Central and Eastern Europe, summer precipitation is projected to
decrease, causing higher water stress. Health risks due to heatwaves
are projected to increase. Forest productivity is expected to decline
and the frequency of peatland fires to increase. ** D [12.4]

In Northern Europe, climate change is initially projected to bring
mixed effects, including some benefits such as reduced demand
for heating, increased crop yields and increased forest growth.
However, as climate change continues, its negative impacts
(including more frequent winter floods, endangered ecosystems
and increasing ground instability) are likely to outweigh its
benefits. ** D [12.4]
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Adaptation to climate change is likely to benefit from experience
gained in reaction to extreme climate events, specifically by
implementing proactive climate change risk management
adaptation plans. *** N [12.5]

Latin America

By mid-century, increases in temperature and associated decreases
in soil water are projected to lead to gradual replacement of
tropical forest by savanna in eastern Amazonia. Semi-arid
vegetation will tend to be replaced by arid-land vegetation. There
is arisk of significant biodiversity loss through species extinction
in many areas of tropical Latin America. ** D [13.4]

In drier areas, climate change is expected to lead to salinisation
and desertification of agricultural land. Productivity of some
important crops is projected to decrease and livestock
productivity to decline, with adverse consequences for food
security. In temperate zones soybean yields are projected to
increase. ** N [13.4, 13.7]

Sea-level rise is projected to cause increased risk of flooding in
low-lying areas. Increases in sea surface temperature due to climate
change are projected to have adverse effects on Mesoamerican
coral reefs, and cause shifts in the location of south-east Pacific
fish stocks. ** N [13.4, 13.7]

Changes in precipitation patterns and the disappearance of glaciers
are projected to significantly affect water availability for human
consumption, agriculture and energy generation. ** D [13 4]

Some countries have made efforts to adapt, particularly through
conservation of key ecosystems, early warning systems, risk
management in agriculture, strategies for flood drought and coastal
management, and disease surveillance systems. However, the
effectiveness of these efforts is outweighed by: lack of basic
information, observation and monitoring systems; lack of capacity
building and appropriate political, institutional and technological
frameworks; low income; and settlements in vulnerable areas,
among others. ** D [13.2]

North America

Warming in western mountains is projected to cause decreased
snowpack, more winter flooding, and reduced summer flows,
exacerbating competition for over-allocated water resources. ***
D[144,B14.2]

Disturbances from pests, diseases and fire are projected to have
increasing impacts on forests, with an extended period of high fire
risk and large increases in area burned. *** N [14.4, B14.1]

Moderate climate change in the early decades of the century is
projected to increase aggregate yields of rain-fed agriculture by 5-
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20%, but with important variability among regions. Major
challenges are projected for crops that are near the warm end of
their suitable range or which depend on highly utilised water
resources. ** D [14.4]

Cities that currently experience heatwaves are expected to be
further challenged by an increased number, intensity and duration
of heatwaves during the course of the century, with potential for
adverse health impacts. Elderly populations are most at risk. ***
D [144].

Coastal communities and habitats will be increasingly stressed by
climate change impacts interacting with development and
pollution. Population growth and the rising value of infrastructure
in coastal areas increase vulnerability to climate variability and
future climate change, with losses projected to increase if the
intensity of tropical storms increases. Current adaptation is uneven
and readiness for increased exposure is low. *** N [14.2, 14.4]

Polar Regions

In the Polar Regions, the main projected biophysical effects are
reductions in thickness and extent of glaciers and ice sheets, and
changes in natural ecosystems with detrimental effects on many
organisms including migratory birds, mammals and higher
predators. In the Arctic, additional impacts include reductions in
the extent of sea ice and permafrost, increased coastal erosion,
and an increase in the depth of permafrost seasonal thawing. ** D
[153,154,15.2]

For human communities in the Arctic, impacts, particularly those
resulting from changing snow and ice conditions, are projected to
be mixed. Detrimental impacts would include those on
infrastructure and traditional indigenous ways of life. ** D [15.4]

Beneficial impacts would include reduced heating costs and more
navigable northern sea routes. * D [15.4]

In both polar regions, specific ecosystems and habitats are
projected to be vulnerable, as climatic barriers to species invasions
are lowered. ** D [15.6, 15.4]

Arctic human communities are already adapting to climate
change, but both external and internal stressors challenge their
adaptive capacities. Despite the resilience shown historically by
Arctic indigenous communities, some traditional ways of life are
being threatened and substantial investments are needed to adapt
or re-locate physical structures and communities. ** D [15.ES,
154,15.5,15.7]

Small islands

Small islands, whether located in the tropics or higher latitudes,
have characteristics which make them especially vulnerable to the

effects of climate change, sea-level rise and extreme events. ***
D[16.1,16.5]

Deterioration in coastal conditions, for example through erosion
of beaches and coral bleaching, is expected to affect local
resources, e.g., fisheries, and reduce the value of these destinations
for tourism. ** D [16.4]

Sea-level rise is expected to exacerbate inundation, storm surge,
erosion and other coastal hazards, thus threatening vital
infrastructure, settlements and facilities that support the livelihood
of island communities. *** D [16.4]

Climate change is projected by mid-century to reduce water
resources in many small islands, e.g., in the Caribbean and
Pacific, to the point where they become insufficient to meet
demand during low-rainfall periods. *** D [16.4]

With higher temperatures, increased invasion by non-native
species is expected to occur, particularly on mid- and high-
latitude islands. ** N [16.4]

Magnitudes of impact can now be estimated more
systematically for a range of possible increases in global
average temperature.

Since the IPCC Third Assessment, many additional studies,
particularly in regions that previously had been little researched,
have enabled a more systematic understanding of how the timing
and magnitude of impacts may be affected by changes in climate
and sea level associated with differing amounts and rates of change
in global average temperature.

Examples of this new information are presented in Figure SPM.2.
Entries have been selected which are judged to be relevant for
people and the environment and for which there is high confidence
in the assessment. All examples of impact are drawn from chapters
of the Assessment, where more detailed information is available.

Depending on circumstances, some of these impacts could be
associated with ‘key vulnerabilities’, based on a number of criteria
in the literature (magnitude, timing, persistence/reversibility, the
potential for adaptation, distributional aspects, likelihood and
‘importance’ of the impacts). Assessment of potential key
vulnerabilities is intended to provide information on rates and
levels of climate change to help decision-makers make appropriate
responses to the risks of climate change [19.ES, 19.1].

The ‘reasons for concern’ identified in the Third Assessment
remain a viable framework for considering key vulnerabilities.
Recent research has updated some of the findings from the Third
Assessment [19.3].
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Key impacts as a function of increasing global average temperature change

(Impacts will vary by extent of adaptation, rate of temperature change, and socio-economic pathway)

Global mean annual temperature change relative to 1980-1999 (°C)
0 1 2 3 4 5°C

Increased water availability in moist tropics and high latitudes == == = m= m= o= === = = - = - - | (34.1,343
WATER Decreasing water availability and increasing drought in mid-latitudes and semi-arid low latitudes == == == =g-| | 3.ES, 3.4.1,3.4.3

Hundreds of millions of people exposed to increased water Stress mm mm mm mm = = = - - - - - - | %g.géT&& 20.6.2,

Up to 30% of species at Significant extinctions | |4ES, 44.11
increasing risk of extinction around the globe
Increased coral bleaching === Most corals bleached === \Videspread coral mortality == == == == == = ——— =1 &11* %46458&41
Terrestrial biosphere tends toward a net carbon source as: 4.ES, T4, F4.2
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Complex, localised negative impacts on small holders, subsistence farmers and fishers == == == == == == = = | | 5ES, 547

Tendencies for cereal productivity Productivity of
' I y of all cereals mm wm = | 5.ES,5.4.2,F5.2
FOOD to decrease in low latitudes decreases in low latitudes

Tendencies for some cereal productivity Cereal productivity to
to increase at mid- to high latitudes decrease in some regions

5.ES, 542, F5.2
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About 30% of

global coastal == == m= == = = = = — | | 641
COASTS wetlands lost*

Millions more people could experience o mm o = == == = =] | 766, F6.8, TS B5
coastal flooding each year R

Increasing burden from malnutrition, diarrhoeal, cardio-respiratory, and infectious diseases == == == _?SE.ZSHE_}&T, 87,
Increased morbidity and mortality from heat waves, floods, and droughts == == == == == == = = = = = = | SES{Y %‘i;ﬁj%%’,&
HEALTH T8.3,F8.3
Changed distribution of some disease vectors == == == mm mm m= m= == o= o= = o= = == = = = = BBgEE, 828,87,
Substantial burden on health services == == =J- |8.6.1
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Global mean annual temperature change relative to 1980-1999 (°C)

TSignificant is defined here as more than 40%.
#Based on average rate of sea level rise of 4.2 mm/year from 2000 to 2080.

Figure SPM.2. lllustrative examples of global impacts projected for climate changes (and sea level and atmospheric carbon dioxide where relevant)
associated with different amounts of increase in global average surface temperature in the 21st century [T20.8]. The black lines link impacts, dotted
arrows indicate impacts continuing with increasing temperature. Entries are placed so that the left-hand side of the text indicates the approximate
onset of a given impact. Quantitative entries for water stress and flooding represent the additional impacts of climate change relative to the conditions
projected across the range of Special Report on Emissions Scenarios (SRES) scenarios A1Fl, A2, B1 and B2 (see Endbox 3). Adaptation to climate
change is not included in these estimations. All entries are from published studies recorded in the chapters of the Assessment. Sources are given in
the right-hand column of the Table. Confidence levels for all statements are high.
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Impacts due to altered frequencies and intensities of extreme
weather, climate and sea-level events are very likely to
change.

Since the IPCC Third Assessment, confidence has increased that
some weather events and extremes will become more frequent,
more widespread and/or more intense during the 21st century;
and more is known about the potential effects of such changes.
A selection of these is presented in Table SPM.1.

The direction of trend and likelihood of phenomena are for IPCC
SRES projections of climate change.

Some large-scale climate events have the potential to cause
very large impacts, especially after the 21st century.

Very large sea-level rises that would result from widespread
deglaciation of Greenland and West Antarctic ice sheets imply
major changes in coastlines and ecosystems, and inundation of
low-lying areas, with greatest effects in river deltas. Relocating
populations, economic activity, and infrastructure would be
costly and challenging. There is medium confidence that at least
partial deglaciation of the Greenland ice sheet, and possibly the
West Antarctic ice sheet, would occur over a period of time
ranging from centuries to millennia for a global average
temperature increase of 1-4°C (relative to 1990-2000), causing
a contribution to sea-level rise of 4-6 m or more. The complete
melting of the Greenland ice sheet and the West Antarctic ice
sheet would lead to a contribution to sea-level rise of up to 7 m
and about 5 m, respectively [Working Group I Fourth
Assessment 6.4, 10.7; Working Group II Fourth Assessment
19.3].

Based on climate model results, it is very unlikely that the
Meridional Overturning Circulation (MOC) in the North
Atlantic will undergo a large abrupt transition during the 21st
century. Slowing of the MOC during this century is very likely,
but temperatures over the Atlantic and Europe are projected to
increase nevertheless, due to global warming. Impacts of large-
scale and persistent changes in the MOC are likely to include
changes to marine ecosystem productivity, fisheries, ocean
carbon dioxide uptake, oceanic oxygen concentrations and
terrestrial vegetation [Working Group I Fourth Assessment 10.3,
10.7; Working Group II Fourth Assessment 12.6, 19.3].

Impacts of climate change will vary regionally but, aggregated
and discounted to the present, they are very likely to impose
net annual costs which will increase over time as global
temperatures increase.

This Assessment makes it clear that the impacts of future climate
change will be mixed across regions. For increases in global mean
temperature of less than 1-3°C above 1990 levels, some impacts
are projected to produce benefits in some places and some sectors,
and produce costs in other places and other sectors. It is, however,
projected that some low-latitude and polar regions will experience
net costs even for small increases in temperature. It is very likely
that all regions will experience either declines in net benefits or
increases in net costs for increases in temperature greater than
about 2-3°C [9.ES, 9.5, 10.6, T10.9, 15.3, 15.ES]. These
observations confirm evidence reported in the Third Assessment
that, while developing countries are expected to experience larger
percentage losses, global mean losses could be 1-5% GDP for 4°C
of warming [F20.3].

Many estimates of aggregate net economic costs of damages from
climate change across the globe (i.e., the social cost of carbon
(SCO), expressed in terms of future net benefits and costs that are
discounted to the present) are now available. Peer-reviewed
estimates of the SCC for 2005 have an average value of US$43
per tonne of carbon (i.e., US$12 per tonne of carbon dioxide), but
the range around this mean is large. For example, in a survey of
100 estimates, the values ran from US$-10 per tonne of carbon
(US$-3 per tonne of carbon dioxide) up to US$350 per tonne of
carbon (US$95 per tonne of carbon dioxide) [20.6].

The large ranges of SCC are due in the large part to differences
in assumptions regarding climate sensitivity, response lags, the
treatment of risk and equity, economic and non-economic
impacts, the inclusion of potentially catastrophic losses, and
discount rates. It is very likely that globally aggregated figures
underestimate the damage costs because they cannot include
many non-quantifiable impacts. Taken as a whole, the range of
published evidence indicates that the net damage costs of climate
change are likely to be significant and to increase over time
[T20.3,20.6, F20.4].

It is virtually certain that aggregate estimates of costs mask
significant differences in impacts across sectors, regions,
countries and populations. In some locations and among some
groups of people with high exposure, high sensitivity and/or low
adaptive capacity, net costs will be significantly larger than the
global aggregate [20.6, 20.ES, 7 4].
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Phenomenon? and
direction of trend

Over most land
areas, warmer and
fewer cold days
and nights,
warmer and more
frequent hot days

Likelihood of future
trends based on
projections for 21st

century using
SRES scenarios

Virtually certain®

Agriculture, forestry

and ecosystems
[4.4,5.4]

Increased yields in
colder
environments;
decreased yields in
warmer environ-
ments; increased

Examples of major projected impacts by sector

Water resources
[3.4]

Effects on water
resources relying
on snow melt;
effects on some
water supplies

Human health [8.2,
8.4]

Reduced human
mortality from
decreased cold
exposure

Industry, settlement and
society [7.4]

Reduced energy demand for
heating; increased demand for
cooling; declining air quality in
cities; reduced disruption to
transport due to snow, ice;
effects on winter tourism

extreme high sea
level (excludes
tsunamis)°©

estuaries and
freshwater
systems

availability due to
saltwater intrusion

and nights insect outbreaks
Warm spells/heat | Very likely Reduced yields in | Increased water Increased risk of Reduction in quality of life for
waves. Frequency warmer regions demand; water heat-related people in warm areas without
increases over due to heat stress; | quality problems, mortality, espec- appropriate housing; impacts
most land areas increased danger | e.g., algal blooms |ially for the elderly, | on the elderly, very young and
of wildfire chronically sick, poor
very young and
socially-isolated
Heavy Very likely Damage to crops; | Adverse effects on |Increased risk of Disruption of settlements,
precipitation soil erosion, quality of surface deaths, injuries commerce, transport and
events. Frequency inability to and groundwater; | and infectious, societies due to flooding;
increases over cultivate land due | contamination of respiratory and pressures on urban and rural
most areas to waterlogging of | water supply; skin diseases infrastructures; loss of
soils water scarcity may property
be relieved
Area affected by Likely Land degradation; | More widespread Increased risk of Water shortages for
drought increases lower yields/crop | water stress food and water settlements, industry and
damage and shortage; increased | societies; reduced
failure; increased risk of malnutrition; | hydropower generation
livestock deaths; increased risk of potentials; potential for
increased risk of water- and food- population migration
wildfire borne diseases
Intense tropical Likely Damage to crops; | Power outages Increased risk of Disruption by flood and high
cyclone activity windthrow causing disruption | deaths, injuries, winds; withdrawal of risk
increases (uprooting) of of public water water- and food- coverage in vulnerable areas
trees; damage to supply borne diseases; by private insurers, potential
coral reefs post-traumatic for population migrations, loss
stress disorders of property
Increased Likely Salinisation of Decreased Increased risk of Costs of coastal protection
incidence of irrigation water, freshwater deaths and injuries | versus costs of land-use

by drowning in
floods; migration-
related health
effects

relocation; potential for
movement of populations and
infrastructure; also see
tropical cyclones above

a See Working Group | Fourth Assessment Table 3.7 for further details regarding definitions.
> Warming of the most extreme days and nights each year.
¢ Extreme high sea level depends on average sea level and on regional weather systems. It is defined as the highest 1% of hourly values of observed sea level at a station

for a given reference period.
9 In all scenarios, the projected global average sea level at 2100 is higher than in the reference period [Working Group | Fourth Assessment 10.6]. The effect of changes

in regional weather systems on sea level extremes has not been assessed.

Table SPM.1. Examples of possible impacts of climate change due to changes in extreme weather and climate events, based on projections to the
mid- to late 21st century. These do not take into account any changes or developments in adaptive capacity. Examples of all entries are to be found
in chapters in the full Assessment (see source at top of columns). The first two columns of the table (shaded yellow) are taken directly from the
Working Group | Fourth Assessment (Table SPM-2). The likelihood estimates in Column 2 relate to the phenomena listed in Column 1.
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D. Current knowledge about responding

to climate change

Some adaptation is occurring now, to observed and projected
future climate change, but on a limited basis.

There is growing evidence since the IPCC Third Assessment of
human activity to adapt to observed and anticipated climate
change. For example, climate change is considered in the design
of infrastructure projects such as coastal defence in the Maldives
and The Netherlands, and the Confederation Bridge in Canada.
Other examples include prevention of glacial lake outburst
flooding in Nepal, and policies and strategies such as water
management in Australia and government responses to heat-
waves in, for example, some European countries [7.6, 8.2, 8.6,
17.ES,17.2,16.5,11.5].

Adaptation will be necessary to address impacts resulting
from the warming which is already unavoidable due to past
emissions.

Past emissions are estimated to involve some unavoidable
warming (about a further 0.6°C by the end of the century relative
to 1980-1999) even if atmospheric greenhouse gas concen-
trations remain at 2000 levels (see Working Group I Fourth
Assessment). There are some impacts for which adaptation is
the only available and appropriate response. An indication of
these impacts can be seen in Figure SPM.2.

A wide array of adaptation options is available, but more
extensive adaptation than is currently occurring is required
to reduce vulnerability to future climate change. There are
barriers, limits and costs, but these are not fully understood.

Impacts are expected to increase with increases in global average
temperature, as indicated in Figure SPM.2. Although many early
impacts of climate change can be effectively addressed through
adaptation, the options for successful adaptation diminish and
the associated costs increase with increasing climate change. At
present we do not have a clear picture of the limits to adaptation,
or the cost, partly because effective adaptation measures are
highly dependent on specific, geographical and climate risk
factors as well as institutional, political and financial constraints
[7.6,17.2,174].

The array of potential adaptive responses available to human
societies is very large, ranging from purely technological (e.g.,
sea defences), through behavioural (e.g., altered food and
recreational choices), to managerial (e.g., altered farm practices)
and to policy (e.g., planning regulations). While most
technologies and strategies are known and developed in some
countries, the assessed literature does not indicate how effective
various options'? are at fully reducing risks, particularly at higher
levels of warming and related impacts, and for vulnerable
groups. In addition, there are formidable environmental,
economic, informational, social, attitudinal and behavioural
barriers to the implementation of adaptation. For developing
countries, availability of resources and building adaptive
capacity are particularly important [see Sections 5 and 6 in
Chapters 3-16; also 17.2, 17 4].

Adaptation alone is not expected to cope with all the projected
effects of climate change, and especially not over the long term
as most impacts increase in magnitude [Figure SPM.2].

Vulnerability to climate change can be exacerbated by the
presence of other stresses.

Non-climate stresses can increase vulnerability to climate
change by reducing resilience and can also reduce adaptive
capacity because of resource deployment to competing needs.
For example, current stresses on some coral reefs include marine
pollution and chemical runoff from agriculture as well as
increases in water temperature and ocean acidification.
Vulnerable regions face multiple stresses that affect their
exposure and sensitivity as well as their capacity to adapt. These
stresses arise from, for example, current climate hazards, poverty
and unequal access to resources, food insecurity, trends in
economic globalisation, conflict, and incidence of diseases such
as HIV/AIDS [7.4, 8.3, 17.3, 20.3]. Adaptation measures are
seldom undertaken in response to climate change alone but can
be integrated within, for example, water resource management,
coastal defence and risk-reduction strategies [17.2, 17.5].

Future vulnerability depends not only on climate change but
also on development pathway.

An important advance since the IPCC Third Assessment has
been the completion of impacts studies for a range of different
development pathways taking into account not only projected
climate change but also projected social and economic changes.
Most have been based on characterisations of population and
income level drawn from the IPCC Special Report on Emission
Scenarios (SRES) (see Endbox 3) [2.4].

13 A table of options is given in the Technical Summary
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These studies show that the projected impacts of climate change
can vary greatly due to the development pathway assumed. For
example, there may be large differences in regional population,
income and technological development under alternative
scenarios, which are often a strong determinant of the level of
vulnerability to climate change [2.4].

To illustrate, in a number of recent studies of global impacts of
climate change on food supply, risk of coastal flooding and water
scarcity, the projected number of people affected is considerably
greater under the A2-type scenario of development
(characterised by relatively low per capita income and large
population growth) than under other SRES futures [T20.6]. This
difference is largely explained, not by differences in changes of
climate, but by differences in vulnerability [T6.6].

Sustainable development' can reduce vulnerability to climate
change, and climate change could impede nations’ abilities
to achieve sustainable development pathways.

Sustainable development can reduce vulnerability to climate
change by enhancing adaptive capacity and increasing
resilience. At present, however, few plans for promoting
sustainability have explicitly included either adapting to climate
change impacts, or promoting adaptive capacity [20.3].

On the other hand, it is very likely that climate change can slow
the pace of progress towards sustainable development, either
directly through increased exposure to adverse impact or
indirectly through erosion of the capacity to adapt. This point is
clearly demonstrated in the sections of the sectoral and regional
chapters of this report that discuss the implications for sustainable
development [See Section 7 in Chapters 3-8, 20.3, 20.7].

The Millennium Development Goals (MDGs) are one measure
of progress towards sustainable development. Over the next
half-century, climate change could impede achievement of the
MDGs [20.7].

Many impacts can be avoided, reduced or delayed by
mitigation.

A small number of impact assessments have now been
completed for scenarios in which future atmospheric

concentrations of greenhouse gases are stabilised. Although
these studies do not take full account of uncertainties in
projected climate under stabilisation, they nevertheless provide
indications of damages avoided or vulnerabilities and risks
reduced for different amounts of emissions reduction [2.4,
T20.6].

A portfolio of adaptation and mitigation measures can
diminish the risks associated with climate change.

Even the most stringent mitigation efforts cannot avoid further
impacts of climate change in the next few decades, which makes
adaptation essential, particularly in addressing near-term
impacts. Unmitigated climate change would, in the long term,
be likely to exceed the capacity of natural, managed and human
systems to adapt [20.7].

This suggests the value of a portfolio or mix of strategies that
includes mitigation, adaptation, technological development (to
enhance both adaptation and mitigation) and research (on
climate science, impacts, adaptation and mitigation). Such
portfolios could combine policies with incentive-based
approaches, and actions at all levels from the individual citizen
through to national governments and international organisations
[18.1,18.5].

One way of increasing adaptive capacity is by introducing the

consideration of climate change impacts in development

planning [18.7], for example, by:

e including adaptation measures in land-use planning and
infrastructure design [17.2];

¢ including measures to reduce vulnerability in existing disaster
risk reduction strategies [17.2, 20.8].

E. Systematic observing and research

Although the science to provide policymakers with information
about climate change impacts and adaptation potential has
improved since the Third Assessment, it still leaves many
important questions to be answered. The chapters of the Working
Group II Fourth Assessment include a number of judgements about
priorities for further observation and research, and this advice
should be considered seriously (a list of these recommendations is
given in the Technical Summary Section TS-6).

4 The Brundtland Commission definition of sustainable development is used in this Assessment: “development that meets the needs of the present without compromising
the ability of future generations to meet their own needs”. The same definition was used by the IPCC Working Group Il Third Assessment and Third Assessment

Synthesis Report.
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Endbox 1. Definitions of key terms

Climate change in IPCC usage refers to any change in climate over time, whether due to natural variability or as a result of
human activity. This usage differs from that in the Framework Convention on Climate Change, where climate change refers
to a change of climate that is attributed directly or indirectly to human activity that alters the composition of the global
atmosphere and that is in addition to natural climate variability observed over comparable time periods.

Adaptive capacity is the ability of a system to adjust to climate change (including climate variability and extremes) to
moderate potential damages, to take advantage of opportunities, or to cope with the consequences.

Vulnerability is the degree to which a system is susceptible to, and unable to cope with, adverse effects of climate change,

including climate variability and extremes. Vulnerability is a function of the character, magnitude, and rate of climate change
and variation to which a system is exposed, its sensitivity, and its adaptive capacity.

Endbox 2. Communication of Uncertainty in the Working Group Il Fourth Assessment
A set of terms to describe uncertainties in current knowledge is common to all parts of the IPCC Fourth Assessment.
Description of confidence

Authors have assigned a confidence level to the major statements in the Summary for Policymakers on the basis of their
assessment of current knowledge, as follows:

Terminology Degree of confidence in being correct

Very high confidence At least 9 out of 10 chance of being correct
High confidence About 8 out of 10 chance

Medium confidence About 5 out of 10 chance

Low confidence About 2 out of 10 chance

Very low confidence Less than a 1 out of 10 chance

Description of likelihood

Likelihood refers to a probabilistic assessment of some well-defined outcome having occurred or occurring in the future, and
may be based on quantitative analysis or an elicitation of expert views. In the Summary for Policymakers, when authors
evaluate the likelihood of certain outcomes, the associated meanings are:

Terminology Likelihood of the occurrence/ outcome
Virtually certain >99% probability of occurrence

Very likely 90 to 99% probability

Likely 66 to 90% probability

About as likely as not 33 to 66% probability

Unlikely 10 to 33% probability

Very unlikely 1 to 10% probability

Exceptionally unlikely

<1% probability
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Endbox 3. The Emissions Scenarios of the IPCC Special Report
on Emissions Scenarios (SRES)

A1. The A1 storyline and scenario family describes a future world of very rapid economic growth, global population that peaks
in mid-century and declines thereafter, and the rapid introduction of new and more efficient technologies. Major underlying
themes are convergence among regions, capacity building and increased cultural and social interactions, with a substantial
reduction in regional differences in per capita income. The A1 scenario family develops into three groups that describe
alternative directions of technological change in the energy system. The three A1 groups are distinguished by their
technological emphasis: fossil intensive (A1FI), non fossil energy sources (A1T), or a balance across all sources (A1B) (where
balanced is defined as not relying too heavily on one particular energy source, on the assumption that similar improvement
rates apply to all energy supply and end use technologies).

A2. The A2 storyline and scenario family describes a very heterogeneous world. The underlying theme is self reliance and
preservation of local identities. Fertility patterns across regions converge very slowly, which results in continuously increasing
population. Economic development is primarily regionally oriented and per capita economic growth and technological change
more fragmented and slower than other storylines.

B1. The B1 storyline and scenario family describes a convergent world with the same global population, that peaks in mid-
century and declines thereafter, as in the A1 storyline, but with rapid change in economic structures toward a service and
information economy, with reductions in material intensity and the introduction of clean and resource efficient technologies.
The emphasis is on global solutions to economic, social and environmental sustainability, including improved equity, but
without additional climate initiatives.

B2. The B2 storyline and scenario family describes a world in which the emphasis is on local solutions to economic, social
and environmental sustainability. It is a world with continuously increasing global population, at a rate lower than A2,
intermediate levels of economic development, and less rapid and more diverse technological change than in the B1 and A1
storylines. While the scenario is also oriented towards environmental protection and social equity, it focuses on local and
regional levels.

An illustrative scenario was chosen for each of the six scenario groups A1B, A1FI, A1T, A2, B1 and B2. All should be
considered equally sound.

The SRES scenarios do not include additional climate initiatives, which means that no scenarios are included that explicitly
assume implementation of the United Nations Framework Convention on Climate Change or the emissions targets of the
Kyoto Protocol.
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Notice of Adoption

A meeting to solicit public comments on the 2010 Urban Water Management Plan for the
Golden State Water Company South San Gabriel System was held on July 19, 2011 at 6 p.m. at
the San Dimas Community Center in San Dimas, California. Notice of this meeting was
published in accordance with Section 6066 of the Government Code in the San Gabriel Valley
Tribune on May 17, 22, and June 15, 2011.

Copies of the Urban Water Management Plan were made available to the public at the Golden
State Water Company Customer Service Office in Arcadia, California, at least one week prior to
the public hearing.

Golden State Water Company, hereby, adopts the 2010 Urban Water Management Plan for the
South San Gabriel System.

William C. Gedney
Vice President, Asset Management
Golden State Water Company

August 31, 2011
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Abbreviations

gL

ac-ft

ac-ftiyr or AFY
Act

AMR

AWWA

BMPs

Cal EMA

CAL Green Code
ccf

CDPH

Cll

CIMIS

COG

Council or CUWCC
CPUC

CRA

DDBP

DMM

DOF

DSC

DWF

DWR

DWR Guidebook

micrograms per liter

acre-feet

acre-feet per year

Urban Water Management Planning Act
automatic meter reading

American Water Works Association

best management practices

California Emergency Management Agency
California Green Building Standards Code
hundred cubic feet

California Department of Public Health
commercial, industrial, institutional
California Irrigation Management Information System
Council of Governments

California Urban Water Conservation Council
California Public Utilities Commission
Colorado River Aqueduct
disinfectant(disinfection by-product

Demand Management Measure
Department of Finance

Discovery Science Center

dry weather flow

Department of Water Resources (California)

Guidebook to Assist Water Suppliers in the Preparation of a
2010 Urban Water Management Plan
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ERP
ETo
GAC
GIS

gpcd
gpd
gpm
GSWC
HCD
HECW
HET
IRP
LACSD
MAF
MCL

Metropolitan

Emergency Response Plan
evapotranspiration

Granular Activated Carbon
Geographic Information System
gallons per capita day

gallons per day

U.S. gallons per minute

Golden State Water Company
Housing and Community Development
high-efficiency clothes washers
high-efficiency toilets

Integrated Resources Plan

Sanitation Districts of Los Angeles County
million acre-feet per year

maximum contaminant levels

Metropolitan Water District of Southern California

MF multi-family

mgd million gallons per day

MOU memorandum of understanding (regarding urban water
conservation in California)

msl| mean sea level

NA not available, not applicable

NAICS North American Industry Classification System

oM operation and maintenance

oSy operating safe yield

pCill picoCuries per liter

RAP Resource Action Programs

RHNA Regional Housing Needs Allocation
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RTP
RUWMP
SBX7-7
SCAG

SD

SDWA

SF

SWP

TAF

ULFT
Upper District
USEPA
USGVMWD
UWMP
VOCs

WAP

WBIC
WLCD
WRCC
WRP
WSAP
WSDM Plan
WSS

Regional Transportation Plan

Regional Urban Water Management Plan

Senate Bill X7-7, The Water Conservation Act of 2009

Southern California Association of Governments
Science Discover

Safe Drinking Water Act

single-family

State Water Project

thousand acre-feet per year

ultra-low-flush-toilet

Upper San Gabriel Valley Municipal Water District
U.S. Environmental Protection Agency

Upper San Gabriel Valley Municipal Water District
Urban Water Management Plan

volatile organic compounds

Water Action Plan

weather based irrigation controllers

Water Loss Control Department

Western Regional Climate Center

water reclamation plant

Water Supply Allocation Plan

Water Surplus and Drought Management Plan

WaterSense Specification
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Definitions

Chapter 2, Part 2.6, Division 6 of the California Water Code provides definitions for the
construction of the Urban Water Management Plans. Appendix A contains the full text of the
Urban Water Management Planning Act.

CHAPTER 2. DEFINITIONS

Section 10611. Unless the context otherwise requires, the definitions of this chapter govern the construction of
this part.

Section 10611.5. “Demand management” means those water conservation measures, programs, and
incentives that prevent the waste of water and promote the reasonable and efficient use and reuse of available
supplies.

Section 10612. “Customer” means a purchaser of water from a water supplier who uses the water for municipal
purposes, including residential, commercial, governmental, and industrial uses.

Section 10613. “Efficient use” means those management measures that result in the most effective use of
water so as to prevent its waste or unreasonable use or unreasonable method of use.

Section 10614. “Person” means any individual, firm, association, organization, partnership, business, trust,
corporation, company, public agency, or any agency of such an entity.

Section 10615. “Plan” means an urban water management plan prepared pursuant to this part. A plan shall
describe and evaluate sources of supply, reasonable and practical efficient uses, and reclamation and demand
management activities. The components of the plan may vary according to an individual community or area’s
characteristics and its capabilities to efficiently use and conserve water. The plan shall address measures for
residential, commercial, governmental, and industrial water demand management as set forth in Article 2
(commencing with Section 10630) of Chapter 3. In addition, a strategy and time schedule for implementation
shall be included in the plan.

Section 10616. “Public agency” means any board, commission, county, city and county, city, regional agency,
district, or other public entity.

Section 10616.5. “Recycled water” means the reclamation and reuse of wastewater for beneficial use.

Section 10617. “Urban water supplier” means a supplier, either publicly or privately owned, providing water for
municipal purposes either directly or indirectly to more than 3,000 customers or supplying more than

3,000 acre-feet of water annually. An urban water supplier includes a supplier or contractor for water,
regardless of the basis of right, which distributes or sells for ultimate resale to customers. This part applies only
to water supplied from public water systems subject to Chapter 4 (commencing with Section 116275) of Part 12
of Division 104 of the Health and Safety Code.
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Chapter 1: Plan Preparation

1.1 Background

This Urban Water Management Plan (UWMP) has been prepared for the Golden State Water
Company (GSWC) South San Gabriel System in compliance with Division 6, Part 2.6, of the
California Water Code, Sections 10608 through 10657 as last amended by Senate Bill No. 7
(SBX7-7), the Water Conservation Act of 2009. The original bill requiring an UWMP was
enacted in 1983. SBX7-7, which became law in November 2009, requires increased emphasis
on water demand management and requires the state to achieve a 20 percent reduction in
urban per capita water use by December 31, 2020.

Urban water suppliers having more than 3,000 service connections or water use of more than
3,000 acre-feet per year (ac-ftlyr) for retail or wholesale uses are required to submit a UWMP every
5 years to the California Department of Water Resources (DWR). The UWMP typically must be
submitted by December 31 of years ending in 0 and 5, however SBX7-7 extended the UWMP
deadline to July 1, 2011 to provide for development by DWR of required evaluation methodologies
for determining water demand reduction targets. GSWC prepared an UWMP for the South San
Gabriel System in 1985, 1990, 1995, 2000, and 2005. This 2010 UWMP is an update to the 2005
plan.

GSWC water use targets for the South San Gabriel System were developed based on Compliance
Method 3 and the Minimum Reduction requirement, as described by SBX7-7 and supplemental
guidance from DWR.

The portion of the Urban Water Management Planning Act (Act) that describes the purpose and
intent of the UWMP states and declares the following:

Section 10610.2.
(@) The Legislature finds and declares all of the following:

(1) The waters of the state are a limited and renewable resource subject to ever-increasing demands.

(2) The conservation and efficient use of urban water supplies are of statewide concern; however, the
planning for that use and the implementation of those plans can best be accomplished at the local
level.

(3) Along-term, reliable supply of water is essential to protect the productivity of California’s businesses
and economic climate.

(4) As part of its long-range planning activities, every urban water supplier should make every effort to
ensure the appropriate level of reliability in its water service sufficient to meet the needs of its
various categories of customers during normal, dry, and multiple dry water years.

(5) Public health issues have been raised over a number of contaminants that have been identified in
certain local and imported water supplies.

(6) Implementing effective water management strategies, including groundwater storage projects and
recycled water projects, may require specific water quality and salinity targets for meeting
groundwater basins water quality objectives and promoting beneficial use of recycled water.

(7) Water quality regulations are becoming an increasingly important factor in water agencies’ selection
of raw water sources, treatment alternatives, and modifications to existing treatment facilities.

(8) Changes in drinking water quality standards may also impact the usefulness of water supplies and
may ultimately impact supply reliability.

(9) The quality of source supplies can have a significant impact on water management strategies and
supply reliability.
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(b) This part is intended to provide assistance to water agencies in carrying out their long-term resource
planning responsibilities to ensure adequate water supplies to meet existing and future demands for
water.

Section 10610.4. The Legislature finds and declares that it is the policy of the state as follows:

(@) The management of urban water demands and efficient use of water shall be actively pursued to protect
both the people of the state and their water resources.

(b) The management of urban water demands and efficient use of urban water supplies shall be a guiding
criterion in public decisions.

(c) Urban water suppliers shall be required to develop water management plans to actively pursue the
efficient use of available supplies.

1.2 System Overview

GSWOC is an investor-owned public utility company which owns 38 water systems throughout
California regulated by the California Public Utilities Commission (CPUC). This UWMP has been
prepared for the South San Gabriel System.

Located in Los Angeles County, the South San Gabriel System serves half of the City of
Rosemead, parts of the City of San Gabriel, the City of Monterey Park, and adjacent
unincorporated areas of Los Angeles County. The service area is primarily characterized by
residential and commercial areas. Figure 1-1 illustrates the location of the South San Gabriel
System.

1.3 Notice of Document Use

GSWC is committed to implementation of the projects, plans, and discussions provided within
this document. However, it is important to note that execution of the plan is contingent upon the
regulatory limitations and approval of the CPUC and other state agencies. Additionally, this
document merely presents the water supply, reliability, and conservation programs known and
in effect at the time of adoption of this plan.
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1.4 Public Utility Commission 2010 Water Action Plan

The CPUC adopted the 2005 Water Action Plan (WAP) in December 2005 and an updated
2010 WAP in October 2010. The WAP is a general policy document, and specific
implementation of policies and programs, along with modifications to CPUC ratemaking policies,
and other programs including conservation, long-term planning, water quality and drought
management programs are ongoing.

The purpose of the 2010 WAP update was to establish renewed focus on the following
elements:

1. Maintain the highest standards of water quality;

Promote water infrastructure investment;

Strengthen water conservation programs to a level comparable to those of energy ultilities;
Streamline CPUC regulatory decision-making;

Set rates that balance investment, conservation, and affordability; and

o o bk~ 0w Db

Assist low-income ratepayers.

GSWC has been actively involved with the CPUC in suggesting optimal approaches to the
WAP. In particular, the GSWC has suggested specific implementation measures and
modifications to certain CPUC rate setting practices so that regulated utilities are able as a
practical matter to achieve the policy objectives of the WAP. These efforts are intended to
include further investment in local resource optimization, reduced reliance on imported supplies,
enhanced conservation, and intensification of company-wide efforts to optimize water resource
mix, including planned water supply projects and programs to meet the long-term water supply
needs of GSWCIs customers.

1.5 Agency Coordination

The 2010 UWMP requirements for agency coordination include specific timetables and
requirements as presented in this chapter. The required elements of the Act are as follows:

Section 10620.

(d) (2) Each urban water supplier shall coordinate the preparation of its plan with other appropriate
agencies in the area, including other water suppliers that share a common source, water
management agencies, and relevant public agencies, to the extent practicable.

Section 10621.

(b) Every urban water supplier required to prepare a plan pursuant to this part shall, at least 60 days prior to
the public hearing on the plan required by Section 10642, notify any city or county within which the
supplier provides water supplies that the urban water supplier will be reviewing the plan and considering
amendments or changes to the plan. The urban water supplier may consult with, and obtain comments
from, any city or county that receives notice pursuant to this subdivision.

Section 10635.

(b) The urban water supplier shall provide that portion of its urban water management plan prepared
pursuant to this article to any city or county within which it provides water supplies no later than 60 days
after the submission of its urban water management plan.
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Section 10642. Each urban water supplier shall encourage the active involvement of diverse social, cultural,
and economic elements of the population within the service area prior to and during the preparation of the plan.
Prior to adopting a plan, the urban water supplier shall make the plan available for public inspection and shall
hold a public hearing thereon. Prior to the hearing, notice of the time and place of hearing shall be published
within the jurisdiction of the publicly owned water supplier pursuant to Section 6066 of the Government Code.
The urban water supplier shall provide notice of the time and place of hearing to any city or county within which
the supplier provides water supplies. A privately owned water supplier shall provide an equivalent notice within

its service area.

Table 1-1 lists the agencies with which coordination occurred while preparing this 2010 UWMP.
The initial coordination included the distribution of letter notification and request for information
as indicated in Table 1-1 followed by telephone correspondence as necessary to obtain
supporting data for the preparation of the UWMP. Table 1-1 also provides a checklist of
agencies that have been provided the notifications and access to the documents.

Table 1-1:  Coordination with Agencies

ER- o %5 :
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< © s £ - (3] Z29
o oS 5 < ] = 4
O 14 (]
Agency =) n
Southern California Association of v
Governments
City of Anaheim v v v
City of Monterey Park v v
City of Rosemead v v
City of San Gabriel v v v
Covina Irrigating Company v v v
County of Los Angeles v v
Upper San Gabriel Valley Municipal
Water District v v v
Los Angeles County Sanitation v v v
District

Note:

This table is based on DWR's Guidebook to Assist Water Suppliers in the Preparation of a 2010 Urban Water Management

Plan (DWR Guidebook) Table 1.
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1.6 Plan Adoption and Submittal

Public participation and plan adoption requirements are detailed in the following sections of the
Act:

Section 10621.

(c) The amendments to, or changes in, the plan shall be adopted and filed in the manner set forth in Article 3
(commencing with Section 10640)

Section 10642. After the hearing, the plan shall be adopted as prepared or as modified after the hearing.

Section 10644.

(@) An urban water supplier shall submit to the department, the California State Library, and any city or
county within which the supplier provides water supplies a copy of its plan no later than 30 days after
adoption. Copies of amendments or changes to the plans shall be submitted to the department, the
California State Library, and any city or county within which the supplier provides water supplies within
30 days after adoption.

Section 10645. Not later than 30 days after filing a copy of its plan with the department, the urban water
supplier and the department shall make the plan available for public review during normal business hours.

A public hearing to review the 2010 South San Gabriel System UWMP was held on July 19,
2011 at the San Dimas Community Center in San Dimas, California. This public session was
held for review and comment on the draft UWMP before approval by GSWC. Legal public
notices for the public hearing and availability of the plan for review and comment were published
in advance in the local newspapers in accordance with Government Code Section 6066.
Notifications were also posted to GSWCIs website (www.gswater.com).

In addition, notifications of preparation of the plan were provided to cities and counties within
which GSWC provides water at least 60 days in advance of the public hearing as required by
the Act. Copies of the draft plan were available to the public for review at GSWCIs South San
Gabriel office and posted on GSWCIs website. Appendix B contains the following:

e Copy of the public hearing notice from the local newspaper,

e Screen capture of website posting of public hearing notice,

¢ Notifications and follow-up correspondence provided to cities and counties, and
¢ Meeting minutes from the public hearing pertaining to the UWMP.

The final UWMP, as adopted by GSWC, will be submitted to DWR, the California State Library,
and cities and counties within which GSWC provides water within 30 days of adoption. Likewise,
copies of any amendments or changes to the plan will be provided to the aforementioned
entities within 30 days. This plan includes all information necessary to meet the requirements of
California Water Code Division 6, Part 2.6 (Urban Water Management Planning). Adopted
copies of this plan will be made available to the public at GSWCIs South San Gabriel Customer
Service Office no later than 30 days after submitting the final UWMP to DWR.
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1.7 UWMP Preparation

GSWC prepared this UWMP with the assistance of its consultant, KennedylJenks Consultants,
as permitted by the following section of the Act:

Section 10620.

(e) The urban water supplier may prepare the plan with its own staff, by contract, or in cooperation with other
governmental agencies.

During the preparation of the UWMP, documents that have been prepared over the years by
GSWC and other entities were reviewed and information from those documents incorporated,
as applicable, into this UWMP. The list of references is provided in Chapter 9.

The adopted plan is available for public review at GSWCI(s South San Gabriel Office as required
by Section 10645. Copies of the plan were submitted to DWR, cities and counties within the
service area, the State Library, and other applicable institutions within 30 days of adoption as
required by Section 10644. Appendix H includes copies of the transmittals included with the
adopted plan as supporting documentation.

1.8 UWMP Implementation

Section 10643. An urban water supplier shall implement its plan adopted pursuant to this chapter in
accordance with the schedule set forth in its plan.

GSWC is committed to the implementation of this UWMP concurrent with the scheduled
activities identified herein as required by Section 10643 of the Act. Each system is managed
through GSWC District offices and is afforded staff with appropriate regulatory approval to
properly plan and implement responses identified in this document and other key planning
efforts to proactively address water supply reliability challenges. Furthermore, each region of
GSWC has a conservation coordinator that oversees the implementation of Demand
Management Measures (DMMs) through GSWC participation in the California Urban Water
Conservation Councilis (Council) Memorandum of Understanding (MOU).

1.9 Content of the UWMP

This UWMP addresses all subjects required by Section 10631 of the Act as defined by

Section 10630, which permits (levels of water management planning commensurate with the
numbers of customers served and the volume of water supplied.All applicable sections of the
Act are discussed in this UWMP, with chapters of the UWMP and DWR Guidebook Checklist
cross-referenced against the corresponding provision of the Act in Table 1-2. Also, a completed
copy of the 2010 Urban Water Management Plan Checklist organized by subject is included as
Appendix J.
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Table 1-2:

Summary of UWMP Chapters and Corresponding Provisions of the California Water Code

DWR
Guidebook
Checklist
Chapter Corresponding Provisions of the Water Code No.
Chapter 1: Plan Preparation 10642 Public participation 55 and 56
10643 Plan implementation 58
10644 Plan filing 59
10645 Public review availability 60
Coordination with other agencies;
10620 (a) (e) document preparation 4
10621 (a) (c) City and county notification; due date; 6 and 54
h review
10621 (c) UWMP adoption 7 and 57
10620 (f) Resource optimization 5
Chapter 2: System Description Area, demographics, population, and )
10631 (a) climate 8-12
Chapter 3: Water Use 10608 Urban water use targets 1
10631 (e), (k) Water use, data sharing 25 and 34
10631 (k) Data to wholesaler 33
Chapter 4: Water Supply 10631 (b). (d), () Water sources, reliability of supply, 139;3123%4’
(k) Y1 transfers and exchanges, supply projects, ’
data sharing
10631 (i) Desalination 31
10633 Recycled water 44-51
Chapter 5: Water Quality 10634 Water quality impacts on reliability 52
Chapter 6: Water Supply Water supply reliability and vulnerability to
Reliability 10631 (c) (1) seasonal or climatic shortage 22
10631 (c) (2) Factors resulting in inconsistency of 23
supply
10635 (a) Relle}blllty during normal, dry, and 53
multiple-dry years
Chapter 7: Conservation Program 10631 (f)[(9),
and Demand Management (i),10631.5, Conservation Program, DMMs, and 2, 26-29,
Measures 10608.26 (a), SBX7-7 water use reduction plan 32
10608.36
Chapter 8: Water Shortage 10632 Water shortage contingency plan 35-43
Contingency Plan
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1.10 Resource Optimization

Section 10620(f) of the Act asks urban water suppliers to evaluate water management tools and
options to maximize water resources and minimize the need for purchased water from other
regions. GSWC understands the limited nature of water supply in California and is committed to
optimizing its available water resources. This commitment is demonstrated through GSWCIs
use of water management tools throughout the company to promote the efficient use of water
supplies from local sources, wherever feasible. Additionally, GSWC takes efforts to procure
local reliable water supplies wherever feasible and cost effective. GSWC is a regular participant
in regional water resources planning efforts, has developed internal company water resource
plans and robust water conservation programs.

GSWC has implemented a robust water conservation program, deployed through each region of
the company. In an effort to expand the breadth of offered programs, GSWC partners with
wholesale suppliers, energy utilities, and other agencies that support water conservation
programs.
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Chapter 2: System Description

Chapter 2 summarizes the South San Gabriel Systemis service area and presents an analysis
of available demographics, population growth projections, and climate data to provide the basis
for estimating future water requirements.

The water system description requirements are detailed in the following section of the Act:

Section 10631

(a) Describe the service area of the supplier, including current and projected population, climate, and other
demographic factors affecting the supplier’'s water management planning. The projected population
estimates shall be based upon data from the state, regional, or local service agency population
projections within the service area of the urban water supplier and shall be in five-year increments to
20 years or as far as data is available.

2.1 Area

The South San Gabriel System, located in Los Angeles County, serves half of the City of
Rosemead, parts of City of San Gabriel, City of Monterey Park, and unincorporated area of Los
Angeles County. The system is located in the westerly portion of the San Gabriel Valley and is
divided by the San Bernardino Freeway. The service area is generally flat with some hills in the
south part of the system. Figure 2-1 illustrates the service area of the South San Gabriel
System. The service area is primarily characterized by residential and commercial areas.

2.2 Demographics

The City of Rosemead was chosen as demographically representative of the South San Gabriel
System. According to 2000 U.S. Census Data, the median age of Rosemead|s residents is
32.3 years. Rosemead has an average household size of 3.80 and a median household income
of approximately $36,181 in 1999 dollars or $47,252 in 2010 dollars.

A General Plan or land use information is not available for the South San Gabriel System.
Based on the San Gabriel System map and review of recent satellite imagery, it appears to be
near build-out. There are only a few undeveloped individual parcels in the system and any
growth occurring will likely be a combination of urban expansion, redevelopment, and in-fill. In a
built-out or nearly built-out area, changes are typically minor and difficult to predict.
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2.3 Population, Housing and Employment

Population, housing, and employment projections were developed for the South San Gabriel
System using the Southern California Association of Governments (SCAG) population, housing
and employment data. SCAG last updated its projections for population, household, and
employment growth through the year 2035 using the 2008 (Integrated Growth Forecasting!(’
process used in the 2008 Regional Transportation Plan (2008 RTP). SCAG's methodology is
described below, followed by the derivation of population projections for the South San Gabriel
System. Previous and current projections utilize 2000 U.S. Census Data.

SCAG is currently in the process of developing its 2012 Regional Transportation Plan (2012
RTP) which will utilize a new population projection model based 2010 Census data. In certain
cases, growth rates using these preliminary data are significantly reduced from the 2008 model.
The population, household, and employment projections in this document use the adopted 2008
RTP data. Future UWMP updates will be able to utilize 2012 RTP projections as well as 2010
Census data.

2.3.1 SCAG Population Projection Development Methodology

Population, housing, and employment data are derived from the 2000 U.S. Census, which forms
a baseline for local data projections. SCAG applies a statistical cohort-component model and
the headship rate to the 2000 U.S. Census data for regional, county, and household
demographic projections. To evaluate the South San Gabriel System, SCAG data was used in
census tract form, the smallest geographic division of data that SCAG provides. SCAG projects
subcounty and census tract demographic trends using the housing unit method.

The Integrated Growth Forecasting process uses a variety of estimates and projections from the
federal and state governments. Sources include the U.S. Department of Labor, Internal
Revenue Service (IRS), U.S. Citizenship and Immigration Services, U.S. Department of Health
and Human Services, California Department of Finance (DOF), California Employment
Development Department, and information received through the Intergovernmental Review
process. A detailed explanation of the population projection process can be found in the
adopted SCAG 2008 Regional Transportation Plan, Growth Forecast Report for SCAG.

2.3.2 Historical and Projected Population

SCAG-derived census-tract projections were used to determine historical and projected
population from 1997 to 2035. The South San Gabriel System service area boundaries often
contain multiple census tracts, many of which have boundaries that do not coincide exactly with
service area boundaries. The population projection analysis consisted of superimposing service
area boundaries over census tract boundaries, identifying the applicable overlapping census
tracts, and developing a percentage estimate for each overlapping area. For a census tract

100 percent within the service area boundaries, it was assumed that 100 percent of the
associated census tract population data was applicable to the South San Gabriel System. For
areas where the overlap was not exact, the area of overlap as a percentage was applied to the
data to develop an estimate of applicable population. Appendix G, Table G-1 lists the census
tracts with a corresponding estimate of what percent of each tract lies within the South San
Gabriel System. It was typically assumed that the various types of housing and employment
within a census tract are distributed uniformly within all parts of that census tract, unless maps
indicated non-uniform concentrations. In these cases, population estimates were either
increased or decreased as applicable to match the existing land use. Appendix G, Table G-2
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contains all of the SCAGIs historic and projected demographic data for each census tract
number from 2015 through 2035. Figure 2-2 details the census tracts within the South San
Gabriel System.

Annual estimates of historical population between 1997 and 2010 required for SBX7-7 are
provided in Table 2-1. The population estimates were developed following DWR Technical
Methodology 2: Service Area Population. GSWC is considered a Category 2 water supplier
because they maintain a Geographic Information System (GIS) of their service area. The per-
connection methodology described in Appendix A of Technical Methodology 2 was used since
annual estimates of direct service area population from SCAG or other local government
agencies were not available. This method estimates annual population by anchoring the ratio of
year 2000 residential connections to the year 2000 U.S. Census population. This ratio was then
linearly scaled to active residential connections data to estimate population for the non-census
years in which water supply data were available: 1997 through 2010. The residential billing
category includes traditional single-family residential connections; however since GSWC does
not have a specific multi-family billing category that only encompasses apartment complexes
and other types of multi-family housing units, the ratio of year 2000 U.S. Census total population
per residential connections was used for projecting population growth.

Table 2-1:  South San Gabriel System Historical Population

Year Service Area Population
1997 27,589
1998 27,513
1999 27,646
2000 27,5451
2001 27,785
2002 27,855
2003 27,899
2004 28,038
2005 28,140
2006 28,317
2007 28,443
2008 28,608
2009 28,633
2010 28,715

Note:
1. Population for year 2000 from 2005 UWMP.
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As concluded from analysis of SCAG demographic data, the South San Gabriel System had an
estimated population of 28,715 people in 2010 and is expected to reach 31,932 by 2035. A
summary of historic and projected population, households, and employment within the South
San Gabriel System (based on SCAG growth rate data) is presented in Table 2-2 and illustrated
in Figure 2-3. To ensure consistency between the historical and projected population data
required for this plan, projections for 2015 through 2035 were adjusted relative to the 2010
population benchmark using the appropriate SCAG percentage growth rates in each category.
For this reason, SCAG projections after 2000 for the Census Tracts do not correlate precisely
with the estimates included in this plan.

Table 2-2:  South San Gabriel System Historical and Projected Population

Service Area Service Area Service Area
Year Population Household Employment Data Source
2005 28,140 6,758 4,428 Gswc®
2010 28,715 6,945 4,610 gswc®
"""" 2015 | 20414 | 7187 | 4752 | scaG

2020 30,065 7,420 4,841 SCAG
2025 30,710 7,604 4,947 SCAG
2030 31,332 7,780 5,059 SCAG
2035 31,932 7,925 5,166 SCAG

Notes:

1. This table is based on the DWR Guidebook Table 2.

2. Dashed line represents division between historic and projected data.

3. Growth rates for population, household and employment are based on SCAG projections.

In summary, from 2005 to 2010 the South San Gabriel population increased 2 percent, which is
a growth rate of approximately 0.5 percent per year. By 2035, population is expected to
increase by a total of 11 percent, from 28,715 in 2010 to 31,932 in 2035, which is a 0.5 percent
growth rate per year. The number of households is expected to grow 14 percent during the
same period, which equates to an annual household growth rate of 0.6 percent. Employment is
expected to grow 12 percent during the same period, which equates to an annual employment
growth rate of 0.5 percent. Areas with the highest projected growth increases are also the areas
that will see the largest increase in water use. SCAGIs demographic analysis does not project
any planned residential developments for future years. As discussed in demographic section,
new development and redevelopment projects in the South San Gabriel System may contribute
to future growth.
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Figure 2-3:  Historical and Projected Population, Household and Employment Growth
within the South San Gabriel System

2.4 Climate

South San Gabriel System has cool, humid winters and warm, dry summers. Western Regional
Climate Center (WRCC) has maintained 30-year historic climate data for selected cities
throughout the West. The WRCCIs website (www.wrcc.dri.edu) maintains climate records for
the past 70 years for the San Gabriel Station. Table 2-3 presents the average climate summary
based on the 70-year historical climate data for South San Gabriel System.

In the winter, the lowest average monthly temperature is approximately 42 degrees Fahrenheit.
The highest average monthly temperature reaches approximately 90 degrees Fahrenheit in the
summer. Figure 2-4 presents the monthly average precipitation based on 30-year historical
data. The rainy season is typically from November to March. Monthly precipitation during the
winter months ranges from 2 to 4 inches. Low humidity occurs in the summer months from May
to October. The moderately hot and dry weather during the summer months typically results in
moderately high water demand.

Similar to the WRCC in the South San Gabriel area, the California Irrigation Management
Information System (CIMIS) website (http:[lwww.cimis.water.ca.gov) tracks and maintains
records of ETo for selected cities. ETo statistics used for this system come from the Monrovia
station, which is the closest station (6 miles) to the South San Gabriel System. ETo is a
standard measurement of environmental parameters that affect the water use of plants. ETo is
given in inches per day, month, or year and is an estimate of the evapotranspiration from a large
field of well-watered, cool-season grass that is 4- to 7-inches tall. The monthly average ETo is
presented in inches in Table 2-3. As the table indicates, a greater quantity of water is
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evaporated during July and August in correlation to high temperatures and low humidity, which
may result in high water demand.

Table 2-3:

Monthly Average Climate Data Summary for South San Gabriel System

Standard Monthly
Average ETo"

Average Total Rainfall

Average Temperature
(degrees Fahrenheit)

Month (inches) (inches) Max Min
January 2.2 3.70 69.1 41.8
February 23 3.98 70.2 43.6
March 3.8 3.00 7.7 45.9
April 4.2 1.21 75.2 49.1
May 5.3 0.28 77.7 53.5
June 5.8 0.09 82.5 57.2
July 6.9 0.02 88.8 61.1
August 6.4 0.07 89.7 61.5
September 5.1 0.35 88.1 59.4
October 3.4 0.56 82.2 53.8
November 25 1.64 75.3 46.4
December 20 2.35 69.8 41.9
Note:
1. Evapotranspiration (ETo) from http:iwww.cimis.water.ca.gov/cimis/welcom.jsp.
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Figure 2-4:  Monthly Average Precipitation in South San Gabriel System Based on 70-Year Historical Data
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Chapter 3: Water Use

Section 10631(e) of the Act requires that an evaluation of water use be performed for the
South San Gabriel System. The Act states the following:

Section 10631.

(e) (1) Quantify, to the extent records are available, past and current water use, over the same five-year
increments described in subdivision (a), and projected water use, identifying the uses among water-
use sectors including, but not necessarily limited to, all of the following uses:

(A) Single-family residential

(B) Multifamily

(C) Commercial

(D) Industrial

(E) Institutional and governmental
(F) Landscape

(G) Sales to other agencies

(H) Saline water intrusion barriers, groundwater recharge, or conjunctive use, or any combination
thereof

(I)  Agricultural.
(2) The water-use projections shall be in the same five-year increments described in subdivision (a).

In addition, Section 10631(k) directs urban water suppliers to provide existing and projected
water-use information to wholesale agencies from which water deliveries are obtained. The Act
states the following:

Section 10631.

(k) Urban water suppliers that rely upon a wholesale agency for a source of water, shall provide the
wholesale agency with water-use projections from that agency for that source of water in five-year
increments to 20 years or as far as data is available. The wholesale agency shall provide information to
the urban water supplier for inclusion in the urban water supplier’s plan that identifies and quantifies, to
the extent practicable, the existing and planned sources of water as required by subdivision (b), available
from the wholesale agency to the urban water supplier over the same five-year increments, and during
various water-year types in accordance with subdivision (c). An urban water supplier may rely upon water
supply information provided by the wholesale agency in fulfilling the plan informational requirements of
subdivisions (b) and (c).

In conjunction with projecting total water demand, each urban water retail supplier must develop
urban water use targets and an interim urban water use target in accordance with SBX7-7.
SBX7-7 amends the Act and requires statewide urban demand reduction of 20 percent by the
year 2020. The bill sets specific methods for calculating both the baseline water usage and
water use targets in gallons per capita day (gpcd).
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Section 10608.20(e) states the following:

Section 10608.20.

(e) An urban retail water supplier shall include in its urban water management plan required pursuant to
Part 2.6 (commencing with Section 10610) due in 2010 the baseline daily per capita water use, urban
water use target, interim urban water use target, and compliance daily per capita water use, along with
the bases for determining those estimates, including references to supporting data.

This chapter presents an analysis of water use data with the resulting projections for future
water needs and water use targets in accordance with SBX7-7 for the South San Gabriel
System.

3.1 Historical Water Use

Historical water use data from 1994 to 2010 were analyzed in order to provide an overview of
historical water usage for the South San Gabriel System. Figure 3-1 shows the historical
number of metered service connections and water use for the South San Gabriel System from
1994 through 2010.
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Figure 3-1:  Historical Number of Metered Service Connections and Water Use

Figure 3-1 shows a decline in water use beginning in 2007 with an approximate 11 percent
decline from 2008 to 2010. Review of similar data from other systems suggests the recent
decline in water use has been widespread and is not isolated to the South San Gabriel System.
The decline in water use is not yet fully understood, but may be a result of several factors
including: several years of cool summers, a statewide drought that forced mandatory water
reductions and conservation in many areas, and an economic downturn that has caused many
businesses to close and increased housing vacancies.
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The customer billing data for the system consists of annual water sales data. The water sales
data was sorted by customer type using the assigned North American Industry Classification
System (NAICS) codes. Then, the sorted water sales data were further grouped into the
following seven categories: single-family, multi-family, industrial, commercial,
institutionallgovernment, landscape, and other. Table 3-1 shows the historical water use by
customer type.

Table 3-1:  Historical Water Use (ac-ftlyr) by Customer Type

D h ol

s ER o =
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£ =] s 5 2 = o ©'E

o 'g 2 o © =] =] E ©
YEAR © = =0 - = o " W Total
1994 271 7 129 64 887 0 1,747 3,105
1995 305 4 96 72 927 0 1,673 3,077
1996 319 3 111 81 991 0 1,717 3,222
1997 353 5 140 86 1,007 0 1,722 3,313
1998 347 3 111 65 995 0 1,521 3,042
1999 422 2 158 114 1,058 0 1,489 3,243
2000 469 5 162 123 1,136 0 1,457 3,352
2001 451 5 162 94 1,097 4 1,387 3,200
2002 423 6 136 103 1,097 5 1,437 3,207
2003 491 6 125 74 1,062 6 1,382 3,146
2004 465 4 124 85 1,043 6 1,372 3,099
2005 429 3 114 90 978 6 1,315 2,935
2006 408 3 126 94 991 6 1,338 2,966
2007 403 4 124 87 986 5 1,385 2,994
2008 371 3 128 84 935 5 1,337 2,863
2009 368 2 105 90 887 4 1,262 2,718
2010 379 2 101 64 836 3 1,190 2,575

3.2 Water Use Targets

This section includes documentation of the water use targets commensurate with enactment of
SBX7-7. The 2010 UWMP update is the first in which such targets have been required to be
documented. The projected water use for each urban retail water supplier is required to be
reduced by a total of up to 20 percent by the year 2020 from a calculated baseline gpcd as
required by SBX7-7. The steps described throughout this section follow the guideline
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methodologies developed by DWR over the past year, as documented in Section D of the
Guidebook to Assist Urban Water Suppliers to Prepare a 2010 Urban Water Management Plan
(DWR Guidebook) issued March 2011. The three overall steps to determine the 2020 water use
target are as follows:

e Step 1 [1Calculate the baseline per capita water use, using the required methodologies.

e Step 2 JCalculate the per capita reduction using at least one of the four methodologies
(including the minimum reduction target [Jwhich is a provision included to ensure all
agencies achieve a minimum level of water savings).

e Step 3 Select the target reduction methodology and set interim (2015) and compliance
(2020) water use targets. The chosen methodology is the responsibility of the water supplier
and may be changed in 2015.

The Act now stipulates that the state shall review the progress made towards reaching the
statewide water savings targets as reported in the 2015 UWMP updates. Currently, no single
urban water supplier is required to conserve more than 20 percent, however there are
provisions in the law that could require additional conservation after 2015 if it is found that the
program is not on track to reach 20 percent statewide water savings by 2020.

3.2.1 Baseline Per Capita Water Use

The first step in the process of determining the water use target is calculation of the baseline per
capita water use (baseline gpcd). In order to calculate the baseline gpcd, service area
population within the South San Gabriel System was estimated and compared to actual water
use records. The following three baseline gpcd calculations identified in SBX7-7 were evaluated
for the South San Gabriel System:

e Baseline Method 1 [ Average water use over a continuous 10-year period ending no earlier
than December 31, 2004 and no later than December 31, 2010.

e Baseline Method 2 [ For retailers with at least 10 percent of 2008 demand served by
recycled water (either retail-or wholesale-provided), this calculation may be extended to
include an additional 5 years ending no earlier than December 31, 2004 and no later than
December 31, 2010.

e Baseline Method 3 [1Estimate of average gross water use reported in gpcd and calculated
over a continuous 5-year period ending no earlier than December 31, 2007 and no later than
December 31, 2010.

The Baseline Methods 1 and 3 were evaluated using water supply data for the years ending
December 31, 1997 through December 31, 2010. The base water use was calculated for each
year commencing with 1997 as this was the first year with production data records available.
The South San Gabriel system does not currently receive recycled water; therefore Baseline
Method 2 is not applicable. Table 3-2 below presents the base period ranges, total water
deliveries and the volume of recycled water delivered in 2008; these data are used to determine
the number of years that can be included in the base period range. Also shown are the actual
start and end years for the selected base period range.
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Table 3-2:  Base Period Ranges

Base Parameter Value Units
2008 total water deliveries 3,096 Ac-t
2008 total volume of delivered recycled 0 Ac-ft
water
10-year 2008 recycled water as a percent of 0 Percent
base total deliveries
period
Number of years in base period 10 Years
Year beginning base period range 1997
Year ending base period range 2006
Number of years in base period 5 Years
5-year
base Year beginning base period range 2003
eriod
P Year ending base period range 2007
Note:

Table format based on DWR Guidebook Table 13.

The average annual daily per capita water use in gpcd from 1997 through 2010 is provided in
Table 3-3. The gallons per day calculation includes potable water entering the distribution
system.

Table 3-3:  1997-2010 Base Daily Use Calculation

Calendar | Distribution System Daily per Capita
Year Population Gallons (Day | Water Use, gpcd
1997 27,589 3,299,623 120
1998 27,513 3,091,203 112
1999 27,646 3,173,668 115
2000 27,545 3,260,774 118
2001 27,785 3,113,270 112
2002 27,855 3,080,299 111
2003 27,899 3,021,992 108
2004 28,038 3,067,966 109
2005 28,140 2,864,906 102
2006 28,317 3,023,029 107
2007 28,443 2,863,002 101
2008 28,608 2,763,565 97
2009 28,633 2,575,696 90
2010 28,715 2,400,543 84

Note:

Table format based on DWR Guidebook Tables 14 and 15.
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The 10-year averages are presented in Table 3-4; and the 5-year averages are shown in
Table 3-5. The 1997-2006 10-year and 2003-2007 5-year average base daily usages of 111 and
105 gpcd, respectively, were selected.

Table 3-4:  10-Year Average Base Daily

Per Capita Water Use

Average Base Daily Per

10-Year Period Capita Water Use (gpcd)
1997-2006 111
1998-2007 110
1999-2008 108
2000-2009 105
2001-2010 102

Table 3-5:  5-Year Average Base Daily

Per Capita Water Use

Average Base Daily Per

5-Year Period Capita Water Use (gpcd)
2003-2007 105
2004-2008 103
2005-2009 99
2006-2010 96

3.2.2 Urban Water Use Targets

Retail suppliers must identify their urban water use targets by utilizing one of four compliance
methods identified in SBX7-7. The four urban water use target development methods are as
follows:

Compliance Method 1 180 percent of baseline gpcd water use.

Compliance Method 2 [ The sum of the following performance standards: indoor residential
use (provisional standard set at 55 gpcd); plus landscape use, including dedicated and
residential meters or connections equivalent to the State Model Landscape Ordinance

(70 percent of reference ETo; plus 10 percent reduction in baseline commercial, industrial
institutional (Cll) water use by 2020.

Compliance Method 3 195 percent of the applicable state hydrologic region target as
identified in the 2020 Conservation Plan (DWR, 2010).

Compliance Method 4 [1 A provisional method identified and developed by DWR through a
public process released February 16, 2011, which aims to achieve a cumulative statewide
20 percent reduction. This method assumes water savings will be obtained through metering
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of unmetered water connections and achieving water conservation measures in three water
use categories: (1) indoor residential, (2) landscape, water loss and other water uses and
(3) ClI.

GSWC elected to evaluate Compliance Methods 1 and 3 for selecting urban water use targets
for the 2010 plan. The following section provides an explanation of the target calculations and a
summary of the interim and compliance water use targets.

Compliance Method 1 Calculation Summary

The Compliance Method 1 2020 water use target was calculated by multiplying the base daily
gpcd by 80 percent. A 20 percent reduction in baseline water use would require reduction of
22 gpcd by 2020, as shown in Table 3-6. The 2015 interim target would be 100 gpcd with a
2020 water use target of 89 gpcd.

Table 3-6: 2020 Water Use Target Method 1 Calculation Summary

2015 2020 Compliance
Description Baseline Interim Target Target
Per Capita Water Use (gpcd) 111 100 89
Percent Reduction NIA 1000 201

Compliance Method 3 Calculation Summary

The Compliance Method 3 2020 water use target was calculated by multiplying the respective
hydrologic region target by 95 percent. The South San Gabriel System is located in the South
Coast region (Region 4), which has a hydrologic region target of 149 gpcd and a baseline water
use of 180 gpcd. Ninety-five (95) percent of the Region 4 hydrologic region target results in a
2020 water use target of 142. Since the baseline of 111 gpcd is lower than 95 percent of the
hydrologic regional target of 142 gpcd, a review of the minimum reduction target was triggered
per the DWR methodologies to ensure minimum water conservation targets are established for
the South San Gabriel System. Table 3-7 presents the results of the Method 3 calculation:

Table 3-7: 2020 Water Use Target Method 3 Calculation Summary

2015 Interim | 2020 Compliance
Description Baseline Target Target
Per Capita Water Use (gpcd) 111 126 142
Percent Reduction NA NA NIA

Minimum Compliance Reduction Target

Systems with a 5-year baseline per capita water use of greater than 100 gpcd must calculate a
minimum water use reduction, which the 2020 water use target cannot exceed. The minimum
water use reduction compliance target is 95 percent of the 5-year rolling average base daily per
capita water use (ending no earlier than December 31, 2007, and no later than December 31,
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2010). By this method, the minimum 2020 water use target for the South San Gabriel System is
100 gpcd as presented in Table 3-8 below:

Table 3-8: Minimum 2020 Reduction

5-Yr 2015 Interim | 2020 Compliance
Description Average Target Target

Minimum Allowable 2020 Target (gpcd) 105 103 100

3.2.3 Interim and Compliance Water Use Targets

The interim and compliance water use targets are provided per Section 10608.20(e) of the Act.
Compliance Method 3 was selected by GSWC for the South San Gabriel System, which in turn
triggered the minimum reduction target since the Method 3 hydrologic region target (142 gpcd)
is greater than the Minimum 100 gpcd. As a result, Table 3-9 shows the 2020 SBX7-7
compliance target for the South San Gabriel System is 100 gpcd and the 2015 interim water use
target is 103 gpcd. The implementation plan for achieving these targets is described in

Section 4.8, Recycled Water and Chapter 7, Demand Management Measures.

Table 3-9:  SBX7-7 Water Use Reduction Targets (gpcd)

2015 Interim 2020 Compliance
Baseline Target Target
111 103 100

3.3 Projected Water Use

Growth projections for the number of service connections and volume of water use were
calculated for the year 2015 through 2035, in 5-year increments. Future water demands were
estimated using two different methods, a population-based approach and a historical-trend
approach, in order to present a projection range reflecting the inherent uncertainty in growth
trends. Additionally, demand projections are provided showing a scenario where the South San
Gabriel System fully meets water use target reductions by 2020 for comparison to current per
capita water use trends. Detailed descriptions of how the population-based and historical-trend
projections were calculated are provided below.

The range established between these two approaches is intended as supplemental information;
all connection and demand estimates use the population-based growth rate projections which
are higher and provide a more conservative estimate of future water use. The historical-trend
projections are provided as ancillary information only.

Figure 3-2 shows the historical and projected number of metered service connections for the
South San Gabriel System from 1994 through 2035. Figure 3-3 shows the historical and
projected water use for the South San Gabriel System from 1994 until 2035.

Page 3-8 Final Report, 2010 Urban Water Management Plan — South San Gabriel
Golden State Water Company

g:\adminasst\jobs\2010\1070001.00_gswc-uwmp\09-reports\9.09-reports\2011-08\grp2b\gswe_sosngabriel_2010_uwmp-final.doc



6,000
2 5750
]
8 5500 —_—
£ -
o
O 5250 PRs
] -
& -~
<<-> 5,000 e
s 4750 it +++ ~—
1 "
) 3 + + + + T
_g s+t + +
2 4,500 T T T T T T T T
1990 1995 2000 2005 2010 2015 2020 2025 2030 2035
Year
+  Historical Number of Connections === = Population-Based Projections Historical-Trend Projections
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Figure 3-3:  Historical Water Use and Future Water Use Projections

Historical water use records from 2000 through 2010 were analyzed to generate estimates of
future water demands.

Water use factors were then developed for the projection of future water use. A water use factor
was calculated for each category in order to quantify the average water used per metered
connection. For a given customer type, the unit water use factor is calculated as the total water
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sales for the category divided by the number of active service connections for that category. The
unit water use factors for each customer type were averaged over the data range from 2000
through 2010 in order to obtain a representative water use factor for determining water demand
projections by customer type. Table 3-10 presents the water use factors calculated for each
customer category.

Table 3-10:  Water Use Factors for the South San Gabriel System

Account Category
— D =

> s S5 g

£ o I S E g
&> 2 £ B R 2 %
= = = @ T Q
2E 5 g 3 B3 5 £
(7 = o = £0 - (]
vater e 0.40 0.95 1.96 0.61 1.72 2.31 1.34

Notes:

1. Based on customer water use data for calendar years 2000-2010.

2. Other accounts for any service connections not included in any other category, including idle or inactive
connections.

The population-based water use projections are based on the population and housing growth
rates described in Chapter 2. SCAG household projections were used to determine the growth
in single-family and multi-family service connections for the years 2015, 2020, 2025, 2030, and
2035. For example, the percent growth rate in households from the year 2010 to year 2015 was
multiplied by the number of residential service connections in 2000 to obtain a projection of the
number of connections in the year 2015. Similarly, employment growth projections were used to
determine the growth for commercial, industrial, institutionalgovernment, and landscape service
connections. The population-based projected water use was then calculated by multiplying the
number of projected active service connections for each customer category by the
corresponding customer average water use factor calculated above.

The historical-trend water use projections are based on a linear projection of the historical
number of metered service connections. The average growth rate established by this historical
trend was applied to the number of connections in each customer category to project the future
number of service connections. The historical-trend projected water use was then calculated by
multiplying the number of projected active service connections for each customer category with
the corresponding customer average water use factor calculated above.

Figure 3-4 shows the population based water use projections by customer type. The population-
based projections of the number of service connections, and the resulting water demand, are
provided in Table 3-11.
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Table 3-11:  Projections of the Number of Metered Service Connections and Water Use for the South San Gabriel

System
Accounts by Type
—_ S
= ) ® S o
£ < T 5 g &
1 © (] = = c [¢] ™
L2 o £ ® 2% 2 % -
Projection & = £ = 23 c g .g
Year Type ? L = o £ L0 3 o -
No. of 3,395 1,053 220 6 75 39 4 4,792
2 Accounts
2005"
Water Use |4 345 978 429 3 114 90 6 2935
(ac-ft)
No. of 3,492 1,047 218 7 75 45 5 4,889
Accounts
2010
Water Use | 4 199 836 379 2 101 64 3 2575
(ac-ft)
No. of 3,614 1,084 225 8 78 47 6 5,062
Accounts
2015
WaterUse | 4 438 | 1,030 440 5 134 109 8 3,164
(ac-ft)
No. of 3,731 1,119 229 8 79 48 6 5,220
Accounts
2020
waterUse | 4 455 | 1063 448 5 136 111 8 3,256
(ac-ft)
No. of 3,824 1,147 234 8 81 49 6 5,349
Accounts
2025
WaterUse | 4555 | 1090 458 5 139 113 8 3,335
(ac-ft)
No. of 3,912 1,173 240 8 83 50 6 5,472
Accounts
2030
waterUse | 4556 | 1115 470 5 142 116 8 3.412
(ac-ft)
No. of 3,985 1,195 245 8 85 51 6 5,575
Accounts
2035
waterUse | 4505 | 1136 479 5 146 118 8 3.478
(ac-ft)
Notes:
1. This table is based on the DWR Guidebook Tables 3 through 7.
2. Based on calendar year.
3. Other accounts for any service connections not included in any other category, including idle or inactive connections.
4. All connections are metered.
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3.4 Sales to Other Agencies

There are no sales to other agencies for the South San Gabriel System; therefore, Table 3-12
has intentionally been left blank.

Table 3-12:  Sales to Other Agencies in ac-ft/yr

Water Distributed | 2005? 2010 2015 2020 2025 2030 2035

NIA N[A NA N[A NA N[A NA NA

Notes:
1. This table is based on the DWR Guidebook Table 9.
2. Based on calendar year.

3.5 Other Water Uses and System Losses

In order to estimate total water demand, other water uses, as well as any water lost during
conveyance, must be added to the customer demand. California regulation requires water
suppliers to quantify any additional water uses not included as a part of water use by customer
type. There are no other water uses in addition to those already reported in the South San
Gabriel System.

System losses must be incorporated when projecting total water demand. System losses (also
known as non-revenue water) are defined as the difference between annual water production
and annual sales. Included are system losses due to leaks, reservoir overflows, or inaccurate
meters, and other water used in operations such as system flushing and filter backwashing
GSWOC does not tabulate system losses separately from other water uses; such as operations.
In the South San Gabriel System, from 1997 through 2010, system water losses have averaged
approximately 8 percent of the total production; therefore, this rate was incorporated into water
demand projections. Table 3-13 provides a summary of projected system losses in the South
San Gabriel System.

Table 3-13:  Additional Water Uses and Losses in ac-ft/yr

Water-Use Type 2005? 2010 2015 2020 2025 2030 2035
Other Water Uses NIA NA NA NA NA NA NA
t’”acc%‘”ted'f"r System 274 114 246 253 260 266 271

osses
Total 274 114 246 253 260 266 271
Notes:

1. This table is based on the DWR Guidebook Table 10.
2. Based on calendar year.
3. Includes system losses due to leaks, reservoir overflows, and inaccurate meters, as well as water used in operations.
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3.6 Total Water Demand

As described above, other water uses, as well as any water lost during conveyance, must be
added to the customer demand in order to project total water demand for the South San Gabriel
System. Although there are no other water uses contributing to the total water demand in the
South San Gabriel System, other water uses and system water losses must be incorporated into
the total water demand. Table 3-14 summarizes the projections of water sales, other water uses
and system losses, and total water demand through the year 2035.

The projected water sales and system losses were added to estimate the total baseline water
demand shown in Table 3-14. The baseline demand projections below do not include water use
reductions due to additional implementation of future DMMs or other conservation activities.
Baseline demands are used for supply reliability evaluation purposes throughout this UWMP for
estimates of water supplies that may be required to meet system demands for the next

25 years. Figure 3-5 shows the projected total water demand through 2035.

Projected water demands assuming SBX7-7 compliance are also provided in Table 3-14 for
reference purposes; assuming full compliance with the SBX7-7 interim and 2020 water use
reduction targets. SBX7-7 compliance water demands were calculated by multiplying the
projected population by the applicable water use target. Future water use that is exempt from
SBX7-7, such as industrial process water or direct reuse recycled water is not included in this

projection.

Table 3-14:

Projected Total Water Demand and SBX7-7 Compliance Projections in ac-ft/yr

SBX7-7 Compliance Projections

Other Water Total Water
Projected Uses and Total Baseline Demand with
Year? Water Sales System Losses | Water Demand | Water Savings Savings
2005 2,935 274 3,209 0 na
2010 2,575 114 2,689 0 na
2015 3,164 246 3,410 17 3,394
2020 3,256 253 3,509 141 3,368
2025 3,335 260 3,595 155 3,440
2030 3,412 266 3,678 168 3,510
2035 3,478 271 3,748 172 3,577
Notes:

1. This table is based on the DWR Guidebook Table 11.
2. Based on calendar year.
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Figure 3-5:

Total Water Demand

Data Provided to Wholesale Agency

GSWC provided the following projected water use data to the Upper San Gabriel Valley
Municipal Water District (USGVMWD, Upper District), the wholesale water supplier for the
South San Gabriel System, as summarized in Table 3-15. Since the preliminary projections
were submitted in 2010, GSWC has refined projections by integrating actual 2010 water usage
and supply data. As a result, the projections shown in Table 3-15 below do not agree with the
demands presented in other chapters of this UWMP. As required per Section 10631(k) the
supporting documentation providing the water use projections to the wholesale agency is
included in Appendix I.

Table 3-15:  Summary of South San Gabriel System Data Provided to USGVMWD in ac-ftlyr
Contracted
Wholesaler Volume 2010 2015 2020 2025 2030 2035
USGVMWD NA 2,896 3,200 3,500 3,745 3,969 4,044
Note:
This table is based on the DWR Guidebook Table 12.
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3.8 Disadvantaged Community Water Use Projections

Section 10631.1 (a). Include projected water use for single-family and multi-family residential housing needed
for lower income households, as identified in the housing element of any city, county, or city and county in the
service area of the supplier.

Senate Bill 1087 requires that water use projections of a UWMP include the projected water use
for single-family and multi-family residential housing for lower income households as identified
in the housing element of any city, county, or city and county in the service area of the supplier.

Housing elements rely on the Regional Housing Needs Allocation (RHNA) generated by the
State Department of Housing and Community Development (HCD) to allocate the regional need
for housing to the regional Council of Governments (COG) (or a HCD for cities and counties not
covered by a COG) for incorporation into housing element updates. Before the housing element
is due, the HCD determines the total regional housing need for the next planning period for each
region in the state and allocates that need. The COGs then allocate to each local jurisdiction its
(fair share[lof the RHNA, broken down by income categories; very low, low, moderate, and
above moderate, over the housing elements planning period.

The County of Los Angeles last updated its housing element in 2006. A lower income house is
defined as 80 percent median income, adjusted for family size. The Countyis housing element
identifies the target number of low-income households in the County from 2006 to 2013 as 15.7
percent and very low-income households as 24.7 percent. However, it is unknown what
percentage of the low-income and very low-income households are within GSWCIs South San
Gabiriel service area. For this reason, it is not possible to project water use for lower income
households separately from overall residential demand. However, to remain consistent with the
intent of the SB-1087 legislation and to comply with the UWMP Act, an effort has been made to
identify those water use projections for future single and multi-family households based on the
aggregate percentage of both the low-income and very low-income categories. 40 percent was
used to estimate the lower income demand projections as shown in Table 3-16 below.

Table 3-16:  Low-Income Projected Water Demands in ac-ft/yr

2015 2020 2025 2030 2035
Single-Family Residence 101 119 134 148 160
Multi-Family Residence 78 92 102 112 121
Total 179 211 237 261 281
Note:

This table is based on the DWR Guidebook Table 8.
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GSWC will not deny or conditionally approve water services, or reduce the amount of services
applied for by a proposed development that includes housing units affordable to lower income
households unless one of the following occurs:

e  GSWOC specifically finds that it does not have sufficient water supply.

e GSWOC is subject to a compliance order issued by the State Department of Public Health
that prohibits new water connections.

¢ The applicant has failed to agree to reasonable terms and conditions relating to the
provision of services.
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Chapter 4: Water Supply

A detailed evaluation of water supply is required by the Act. Sections 10631 (b) through (d) and
(h) of the Act state the following:

(b)

(©)

Identify and quantify, to the extent practicable, the existing and planned sources of water available to the
supplier over the same five-year increments described in subdivision (a). If groundwater is identified as an
existing or planned source of water available to the supplier, all of the following information shall be
included in the plan:

(1) A copy of any groundwater management plan adopted by the urban water supplier, including plans
adopted pursuant to Part 2.75 (commencing with Section 10750), or any other specific authorization
for groundwater management.

(2) A description of any groundwater basin or basins from which the urban water supplier pumps
groundwater. For those basins for which a court or the board has adjudicated the rights to pump
groundwater, a copy of the order or decree adopted by the court or the board and a description of
the amount of groundwater the urban water supplier has the legal right to pump under the order or
decree.

For basins that have not been adjudicated, information as to whether the department has identified the
basin or basins as overdrafted or has projected that the basin will become overdrafted if present
management conditions continue, in the most current official departmental bulletin that
characterizes the condition of the groundwater basin, and a detailed description of the efforts being
undertaken by the urban water supplier to eliminate the long-term overdraft condition.

(3) A detailed description and analysis of the location, amount, and sufficiency of groundwater pumped
by the urban water supplier for the past five years. The description and analysis shall be based on
information that is reasonably available, including, but not limited to, historic use records.

(4) A detailed description and analysis of the amount and location of groundwater that is projected to be
pumped by the urban water supplier. The description and analysis shall be based on information
that is reasonably available, including, but not limited to, historic use records.

Describe the reliability of the water supply and vulnerability to seasonal or climatic shortage, to the extent
practicable, and provide data for each of the following:

(1) An average water year.
(2) A single dry water year.
(3) Multiple dry water years.

For any water source that may not be available at a consistent level of use, given specific legal, environmental,

(d)
(h)

water quality, or climatic factors, describe plans to supplement or replace that source with alternative
sources or water demand management measures, to the extent practicable.

Describe the opportunities for exchanges or transfers of water on a short-term or long-term basis.

Include a description of all water supply projects and water supply programs that may be undertaken by
the urban water supplier to meet the total projected water use as established pursuant to subdivision (a)
of Section 10635. The urban water supplier shall include a detailed description of expected future projects
and programs, other than the demand management programs identified pursuant to paragraph (1) of
subdivision (f), that the urban water supplier may implement to increase the amount of the water supply
available to the urban water supplier in average, single dry, and multiple dry water years. The description
shall identify specific projects and include a description of the increase in water supply that is expected to
be available from each project. The description shall include an estimate with regard to the
implementation timeline for each project or program.

This chapter addresses the water supply sources of the South San Gabriel System. The
following chapter provides details in response to those requirements of this portion of the Act.
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4.1 Water Sources

GSWC obtains its water supply for the South San Gabriel System from two primary sources:
imported water and GSWC-operated groundwater wells. Imported water is purchased from the
Upper San Gabriel Valley Municipal Water District (USGVMWD), also called the Upper District.
The Upper District obtains its imported water supply from the Metropolitan Water District of
Southern California (Metropolitan).

As described in Section 4.3.1, below, the groundwater rights for the South Arcadia System and
the South San Gabriel System are shared and are not preferential to either system. GSWC
manages the allocation between the two systems. South Arcadia does not have any water
supply from purchased sources, and therefore is 100 percent reliant upon groundwater supply
from the Main San Gabriel Basin. If demands increase beyond the allocated OSY shared water
right for the South Arcadia or South San Gabriel systems, GSWC can either find additional
water rights or purchase replenishment water. Water rights may be obtained by purchasing or
leasing existing rights from other producers in the basin. Groundwater pumping in excess of the
OSY and any additional purchased or leased rights is permitted when replaced in kind with
available replenishment water that is purchased from the Basinis responsible agency. The
Upper District is the responsible agency for the portion of the Basin from which groundwater is
pumped from the South Arcadia and South San Gabriel Systems.

Table 4-1, below, summarizes the approximate amount of water supplied by each source in
acre-feet per year. The availability of water from each source is estimated through the year
2035, in accordance with GSWCIs long-term water supply planning projections and those of its
wholesale suppliers. GSWCIs water supply is projected to increase by about 39 percent from
2010 to 2035 to meet the projected water demands, with most of this increased demand being
met by imported water from the Upper District. Water demand projections are documented in
Chapter 3.

Table 4-1:  Current and Planned Water Supplies for the South San Gabriel System in ac-ft/yr

Source 2010 2015 2020 2025 2030 2035
Purchased water from USGVMWD 338 2,097 2,375 2,604 2,828 3,015
Groundwater") 2,352 1,313 1,134 991 850 733
Recycled water 0 0 0 0 0 0
Total 2,689 3,410 3,509 3,595 3,678 3,748

Notes:

1. Based on projected use in the Main San Gabriel Groundwater Basin. 2015-2035 groundwater projections assume a long-term
average OSY of 190,000 ac-ft.

2. 2010 water supplies are based on actual production records.
3. Table format based on DWR Guidebook Table 16.

This water supply summary is based on GSWCI's groundwater management strategy for the
South San Gabriel and South Arcadia Systems, and data provided by the Upper District. In the
future, GSWC expects to use its Main Basin groundwater rights to supply the South Arcadia
System, and shift the South San Gabriel System to rely more heavily on the Upper District
imported water supply.
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There is no recycled water supply planned for this system. The potential for future recycled
water use is described in Section 4.8. Details of the water supply are presented in the following
section, while water supply reliability is discussed in Chapter 6.

4.2 Purchased Water

The Upper District is a member agency of the Metropolitan, providing treated water to several
agencies, including GSWC. Additional details regarding Upper Districtis imported water supply
can be found in the Upper Districtls 2010 UWMP. The South San Gabriel System has one
connection through which it receives water from the Upper District, named the USG-1
connection, with a capacity of 3,375 gallons per minute (gpm).

In addition, the South San Gabriel System has an emergency connection with the City of
Monterey Park, with a capacity of 1,500 gpm. Two reservoirs with a total volume of 0.52 million
gallons serve as storage in the South San Gabriel System.

4.3 Groundwater

This section provides a brief description of the Main San Gabriel Groundwater Basin, including
the groundwater supplies available to GSWC. More detailed information can be found in the
references cited in these sections.

Groundwater supplying GSWCIs South San Gabriel System is pumped from a total of three
active groundwater wells in the Main San Gabriel Basin, which has a surface area of
approximately 154,000 acres (241 square miles). These wells have a current total normal year
active capacity of 4,356 ac-ftlyr. Between 1999 and 2010, the actual production averaged
2,836 ac-ftiyr.

The Main San Gabriel Basin is bounded by the Raymond fault and the contact between
Quaternary sediments and consolidated basement rocks of the San Gabriel Mountains on the
north, by the Repetto, Merced, and Puente Hills on the south and west, and by the Chino and
San Jose faults on the east.

Water-bearing units in the Main San Gabriel Basin are recent alluvium and the San Pedro
Formation. The alluvium consists of Pleistocene and Holocene deposits with a total thickness
ranging from 40 feet to over 4,000 feet. The Holocene alluvium consists of alluvial fans and
stream deposits approximately 100 feet in thickness (DWR, 2004). The Pleistocene alluvium is
composed of unsorted, angular to sub-rounded sedimentary deposits ranging from gravels near
the San Gabriel Mountains to sands and silts in the central and western parts of the basin.
These Pleistocene alluvium deposits constitute the most of the productive water-bearing units in
the basin (DWR, 2004). The Pleistocene alluvium varies in thickness from 40 feet in the north to
4,100 feet in the central portion of the basin (DWR, 2004). The San Pedro formation also bears
fresh water and consists of interbedded marine sand, gravel, and silt. The maximum thickness
of the San Pedro formation is approximate 2,000 feet (DWR, 2004)

Estimates of the hydraulic conductivities in the Basin range from 270 feet per day (ftid) for
gravel to 0.001 ftid for clay (CH2M HILL, 1986). Sand and gravel units were estimated to have a
hydraulic conductivity of 135 ftid and sandy clay estimated at 10 ftid (CH2M HILL, 1986). These
values of hydraulic conductivities are an estimate based on aquifer test and boring log
descriptions of the sediments.
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Groundwater levels have historically fluctuated in the basin. Since 1993, the water levels for the
Baldwin Park Key Well have varied about from an elevation high of 272 feet to a historic low in
2009 of 189.2 feet (Upper District, 2010). The Watermaster reported in 2010 that the
groundwater levels in the Baldwin Park Key Well have been just above the lower value of the
operating range of storage for the groundwater basin at 204.2 feet as of June 26, 2010. One
foot of elevation change of the Key Well is roughly equal to a change in water storage of

8,000 ac-ft. The total storage capacity of the San Gabriel Basin is estimated to be about

8.6 million ac-ft (Main San Gabriel Basin Watermaster, 2011). The historic high groundwater
elevation was measured in 1916 at 329.1 feet at which time the Main San Gabriel Basin storage
was estimated at 8.7 million ac-ft. The historic low groundwater elevation was 189.2 feet in 2009
when the Main San Gabriel Basin storage was estimated at 7.6 million ac-ft.

4.3.1 Main San Gabriel Basin Adjudication

In 1973, the rights to use groundwater from the San Gabriel Valley Basin were adjudicated in
the case Upper San Gabriel Valley Municipal Water District vs. City of Alhambra, et al (Superior
Court, County of Los Angeles, Case No. 924128, Appendix F). During the adjudication process,
the safe yield of the basin was studied to help assign prescriptive pumping rights. The total
prescriptive pumping right for the Main San Gabriel Basin was established at 197,634 ac-ft. This
prescriptive right was used during the adjudication to determine the baseline share of pumping
rights for each water producer in the basin.

The Main San Gabriel Basin Watermaster regulates groundwater production within the basin.
Each year the Watermaster determines the operating safe yield (OSY) for the basin, which may
be larger or smaller than the total prescriptive right of 197,634. The Watermaster performs
hydrologic balance calculations to assess the groundwater conditions in the Main San Gabriel
Basin. The hydrologic assessments are based on an evaluation of groundwater levels in the
Basin, determination of the previous yearis recharge and extraction activities, estimates of the
current yearis recharges and extractions, water quality, historic and current rainfall data, and the
availability of imported water. The OSY has historically fluctuated to account for wet or dry
conditions in the basin and to accommodate the availability of imported water that may be
needed to supplement local water supplies and recharge of the basin.

The OSY is the amount of water that can be pumped from the basin before the Watermaster
imposes a [Replacement Water Assessment[to replenish the basin with imported water. Each
water right holder is entitled to a set percentage of the OSY annually. Because the OSY is
recalculated each fiscal year (FY), the actual amount of water GSWC has rights to pump without
paying a replenishment assessment fee can fluctuate annually. Since the basin was adjudicated
in 1973, the OSY has ranged from a low of 140,000 (FY 1991 [11992) to a high of 240,000 ac-ft
(FYIs 2005 [12007).

Water pumped in excess of the OSY is managed by Upper District, the applicable responsible
agency, which is determined by geographic and political boundaries under terms of the
Judgment. Upper District is responsible for ensuring that the basin is not overpumped in any
given year, i.e. that total groundwater production equals OSY water rights plus replenishment
water. Replenishment water must be available to allow pumping in excess of the OSY. For the
past 2 years, replenishment water was not available when the producers over pumped in the
basin. The responsible parties have implemented cyclic storage agreements to provide
replenishment water supplies during periods of reduced imported water availability. Additional
descriptions of groundwater supply reliability and cyclic storage are provided in Chapter 6.
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GSWC has pumping rights to 2.92105 percent of the OSY for the Main San Gabriel Basin,
which is shared between the South San Gabriel and South Arcadia Systems. GSWC s total
pumping rights for these two Systems have varied from 4,089 ac-ftlyr to 6,718 ac-ftlyr as shown
in Table 4-2. In May 2011, the Watermaster established an OSY of 210,000 ac-ftiyr for FY
2011-12, which means that GSWCIs current pumping right is 6,134 ac-ftiyr. However, since the
OSY is set annually by the Watermaster, it was conservatively assumed that the long-term
average OSY will be equal to 190,000 ac-ftiyr, for a pumping right of 5,550 ac-ftiyr. This total
could be augmented by purchasing or leasing water rights from other right-holders in the basin.
Furthermore, the adjudication for the Main San Gabriel Basin permits producers to carry over
water rights from previous years and to pump more than their share of the OSY, provided they
pay a replenishment fee for all excess production. The historic low, high, and current operating
safe yield for the Main San Gabriel Basin are shown in Table 4-2.

Table 4-2:

Main San Gabriel Basin Groundwater Pumping Rights

GSWC Pumping Rights‘"
Condition(Time Period Operating Safe Yield (ac-ftiyr) (ac-ftiyr)
Historic Low OSY (FY 1991 [11992) 140,000 4,089
Historic High OSY (FY 2005 12007) 240,000 7,011
Current OSY (FY 2011 12012) 210,000 6,134

Notes:
1. GSWC pumping right is equal to 2.92105 percent of the OSY for the South Arcadia and South San Gabriel Systems.
2. OSY is reassessed on an annual basis.

GSWCis South San Gabriel System currently operates 3 active wells in the Main San Gabriel
Groundwater Basin; they are listed in Table 4-3. Well production capacity is provided in terms of
instantaneous capacity in gpm and annual yield in ac-ftlyr for the South San Gabriel System.
The total normal year active well capacity for GSWCIs South San Gabriel System is 2,700 gpm

(4,356 ac-ftiyr).
Table 4-3:  Well Name and Capacity

Current Well Current Well
Capaci(%l Capacity
Well Name (gpm) (ac-ftiyr)
Earle 0 0
Garvey No. 1 0 0
Garvey No. 2 0 0
San Gabriel No. 1 1,200 1,936
San Gabriel No. 2 0 0
Saxon No. 3 1,000 1,613
Saxon No. 4 500 807
Total Capacity 2,700 4,356

Note:

1. Estimated annual average current well production capacity is
provided; actual and design instantaneous pumping capacity may be
greater for each well.
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Table 4-4 shows the groundwater pumping history for the South San Gabriel System for
calendar years 2005 through 2010. The amount of water pumped from the Main San Gabriel
Basin for the South San Gabriel System has varied through this 5 year period. From 2005 to
2010, groundwater represented between 68 and 92 percent of the total water supply for the
South San Gabriel System.

Table 4-4:  Groundwater Pumping History by South San Gabriel System (2005 to 2010) in ac-ft

Basin Metered or

Name Unmetered 2005 2006 2007 2008 2009 2010
Main San Metered 2192 2,555 2,912 2,877 2,628 2,352
Gabriel
Percent of
Total Water 680] 740 900 920] 9107 870
Supply
Notes:

1. Table format based on DWR Guidebook Table 18.
2. Years are reported in calendar years (January 1 [1December 31).

The projected groundwater pumping volumes for the South San Gabriel System through 2035
are summarized in Table 4-5. If needed, the South San Gabriel Systems share of the OSY
could be augmented through the purchase or lease of pumping rights from other producers in
the Main San Gabriel Basin. The adjudication for the Main San Gabriel Basin also permits a
producer to pump more than its share of the OSY if replenishment water is available, and if the
producer pays a replenishment fee for all production in excess of the allocated rights.

Table 4-5:  Projected Groundwater Pumping Amounts by South San Gabriel System to 2035 in ac/ft
Basin Name 2010 2015 2020 2025 2030 2035
Main San Gabriel 2,352 1,313 1,134 991 850 733
Percent of Total Water
Supply 870 380 320 28(] 230 200
Notes:

1. Table format based on DWR Guidebook Table 19.
2. Years are reported in calendar years (January 1 [IDecember 31).

4.4 Transfers and Exchanges

GSWC has historically transferred groundwater rights for its holdings in the Main San Gabriel
Basin between the San Dimas District and the San Gabriel District. Additionally, if GSWCIs
actual need for groundwater exceeds its share of the OSY, GSWC can lease available
groundwater rights from other producers in the basin to increase their allowed pumping. GSWC
has the ability to obtain leases for additional groundwater in the Main San Gabriel Basin
annually, on an as-needed basis, following an evaluation of the economic benefits to their rate
payers.
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No specific transfer or exchange opportunities have been identified in the South San Gabriel
System at this time; therefore, Table 4-6 has been left blank.

Table 4-6:  Transfer and Exchange Opportunities

Source Transfer Transfer or Proposed Proposed
Agency Exchange Short Term Quantities Long-Term Quantities
GSwWC NIA NIA NIA NA NA
Note:

Table format based on DWR Guidebook Table 20.

4.5 Planned Water Supply Projects and Programs

GSWC, as a part of its normal maintenance and operations, will construct new wells, pipelines,
and treatment systems as needed as a part of its ongoing Capital Investment Program to
maintain its supply and meet distribution system requirements.

Additionally, GSWC participates with the Upper District in a variety of programs intended to
enhance regional water supply. These projects include surface water treatment plant
improvements, groundwater replenishment and recharge studies, recycled water, and
groundwater cleanup. In addition, the Upper District is currently evaluating the expanded use of
recycled water for groundwater recharge. See the Upper Districtls 2010 UWMP for details.

A potential long-term water supply transfer opportunity that GSWC is evaluating is the Cadiz
Valley Water Conservation, Recovery and Storage Project (Cadiz Project). The project is
designed to capture and conserve thousands of acre-feet of native groundwater currently being
lost to evaporation through an aquifer system beneath Cadiz's property in eastern San
Bernardino County, California. By implementing established groundwater management
practices, the project will create a new, sustainable annual water supply for project participants.
In addition, the project offers storage capacity that can be used by participants to carry-over [ or
(bank(Jannual supplies, without the high rates of evaporative loss suffered by local surface
reservoirs.

The Cadiz Project will produce up to 50,000 ac-ftiyr for fifty years. GSWC is one of five entities
that have expressed an interest in receiving water from the project. In 2009, GSWC signed a
letter of intent to purchase up to 5,000 ac-ftiyr and committed to paying a share of the cost of
the projectis environmental evaluation. GSWC continues to evaluate the economics and
technical feasibility of this project. Table 4-7 shows the potential water supply that could be
provided by the Cadiz Project.

Table 4-7:  Future Water Supply Projects in ac-ft

Multiple-Dry Years

Project Name Normal Year Single-Dry Year Year 1 Year 2 Year 3
Cadiz Project 5,000 5,000 5,000 5,000 5,000
Note:

This table is based on the DWR Guidebook Table 26.
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4.6 Wholesale Agency Supply Data

Table 4-8 provides the Upper Districtis existing and planned water sources available to the
South San Gabriel System during normal years. These supplies are expected to meet the
projected imported water demands.

Table 4-8:  Existing and Planned Wholesale Water Supplies in ac-ft/yr

Wholesaler | Contracted
Sources Volume 2010 2015 2020 2025 2030 2035
USGVMWD 338 2,097 2,375 2,604 2,828 3,015
Note:

This table is based on DWR Guidebook Table 17.

Table 4-9 demonstrates the reliability of wholesale water supply available to meet annual water
demand under an average, single-dry year condition for the South San Gabriel System. The
table includes single-dry year and multiple-dry year supplies for 2035. The Upper District is
assured by Metropolitan of 100 percent reliability to meet the water demand through 2035
(Metropolitan RUWMP, 2010).

Table 4-9:  Reliability of Wholesale Supply for Year 2035 in ac-ft/yr

Multiple-Dry Water Years

Average [J
Normal Water
Wholesaler Year Supply Single-Dry Year 1 Year 2 Year 3
USGVMWD 3,015 3,015 3,015 3,015 3,015
Percent 100 100 100 100
Normal
Note:

Table format based on DWR Guidebook Table 31.

Table 4-10 lists factors affecting wholesale supply for the South San Gabriel System.
Metropolitan intends to provide 100 percent supply reliability to the Upper District, which in turn
provides 100 percent reliability of supply to the South San Gabriel System.

Table 4-10:  Factors Affecting Wholesale Supply

Name of Supply Legal Environmental Water Quality Climatic

USGVMWD N[A N[A NA N[A

Note:
Table format based on DWR Guidebook Table 29.
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4.7 Desalination

This section presents a discussion of opportunities to use desalinated water as a supplemental
future water supply source for the South San Gabriel System. Section 10631(i) of the Act
requires an evaluation of desalination opportunities within the South San Gabriel System. The
Act states the following:

Section 10631

(i) Describe the opportunities for development of desalinated water, including, but not limited to, ocean
water, brackish water, and groundwater, as a long-term supply.

GSWC obtains the majority of its water supply for the South San Gabriel System from local
groundwater which has not been impacted by salinity issues and does not require desalination.
There are currently no opportunities for using desalinated water as a source of water supply for
the South San Gabriel System by GSWC or the groundwater basin responsible agency, Upper
District. Therefore, Table 4-11 has been intentionally left blank.

Upper District has concluded that due to the high quality (low TDS concentration) groundwater,
Upper District and its member agencies do not need to investigate the use of desalination to
develop or reestablish a new long-term supply (Upper District, 2011). Likewise, while it is
currently economically impractical and infeasible for GSWC to participate in a desalination
program that directly benefits the South San Gabriel System, GSWC would be open to
considering partnering opportunities with other water suppliers in the region who may participate
in a desalination project that would provide a direct or indirect benefit through mechanisms such
as groundwater replenishment.

Table 4-11: Summary of Opportunities for Water Desalination

Yield
Source of Water (ac-ftiyr) Start Date Type of Use Other
None NTA NIA NTA NIA

4.8 Recycled Water Plan

This chapter covers Section 10633 which details the requirements of the Recycled Water Plan
that are included in the Act. The Act states the following:

Section 10633. The plan shall provide, to the extent available, information on recycled water and its potential
for use as a water source in the service area of the urban water supplier. The preparation of the plan shall be
coordinated with local water, wastewater, groundwater, and planning agencies that operate within the supplier's
service area and shall include all of the following:

(@) A description of the wastewater collection and treatment systems in the supplier’s service area, including
a quantification of the amount of wastewater collected and treated and the methods of wastewater
disposal.

(b) A description of the recycled water currently being used in the supplier’s service area, including, but not
limited to, the type, place, and quantity of use.

(c) A description and quantification of the potential uses of recycled water, including, but not limited to,
agricultural irrigation, landscape irrigation, wildlife habitat enhancement, wetlands, industrial reuse,

Final Report, 2010 Urban Water Management Plan — South San Gabriel Page 4-9
Golden State Water Company

g:\adminasst\jobs\2010\1070001.00_gswc-uwmp\09-reports\9.09-reports\2011-08\grp2b\gswe_sosngabriel_2010_uwmp-final.doc




groundwater recharge, and other appropriate uses, and a determination with regard to the technical and
economic feasibility of serving those uses.

(d) The projected use of recycled water within the supplier’s service area at the end of 5, 10, 15, and
20 years, and a description of the actual use of recycled water in comparison to uses previously projected
pursuant to this subdivision.

(e) A description of actions, including financial incentives, which may be taken to encourage the use of
recycled water, and the projected results of these actions in terms of acre feet of, recycled water used per
year.

(f) A plan for optimizing the use of recycled water in the supplier’s service area, including actions to facilitate
the installation of dual distribution systems, to promote recirculating uses, to facilitate the increased use of
treated wastewater that meets recycled water standards, and to overcome any obstacles to achieving that
increased use.

4.8.1 Coordination

Table 4-12 summarizes the role of the agencies that participate in the development of recycled
water plans that affect the South San Gabriel System of the Golden State Water Company
(GSWCQC).

Table 4-12:  Role of Participating Agencies in the Development of the Recycled Water Plan

Participating Agencies Role in Plan Development

Water agencies GSWC works closely with the Los Angeles County Sanitation
District (LACSD) in planning a potential recycled water
distribution system and identifying potential recycled water
customers. The Upper San Gabriel Valley Municipal Water
District acting as the recycled water wholesaler, would lead the
way in implementing the recycled water plan and distribution
network.

Wastewater agencies The LACSD provides a reliable supply of recycled water that
meets California recycled water quality standards set forth in Title
22 of the California Code of Regulations.

Groundwater agencies Not applicable for this System.

Planning agencies Los Angeles County Sanitation District plays a key role in
conducting data and customer assessments, as well as analyzing
community and economic impacts.

4.8.2 Wastewater Quantity, Quality, and Current Uses

Wastewater in the South San Gabriel System is collected by gravity sewers and lift stations
owned by the cities of Rosemead, San Gabriel, and Monterey Park, as well as by the Sanitation
Districts of Los Angeles County (LACSD). The wastewater is transported through trunk sewers
to LACSDIs San Jose Creek and Whittier Narrows Water Reclamation Plants (WRP).

The San Jose Creek WRP provides primary, secondary, and tertiary treatment for an average
dry weather flow (DWF) of 100 million gallons of wastewater per day (mgd). The plant serves a
largely residential population of approximately one million people. About 35 mgd of treated
effluent from San Jose Creek WRP is reused at 17 different sites. The recycled water is
primarily used for groundwater recharge and agricultural and landscape irrigation. The
remaining effluent (65 mgd) is discharged into the San Gabriel River (LACSD 2011).
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The Whittier Narrows WRP provides primary, secondary, and tertiary treatment for an average
DWF of 15 mgd. The plant serves a population of approximately 150,000 people. According to
the LACSD, nearly all of the treated effluent is reused as groundwater recharge into the Rio
Hondo and San Gabriel Coastal Spreading Grounds or for irrigation at an adjacent nursery. Any
remaining effluent is discharged into the San Gabriel River (LACSD 2011).

Because the Whittier Narrows and San Jose Creek WRPs treat wastewater for a larger
population than exists in the South San Gabriel System, an estimated per capita wastewater
generation factor was used to calculate the volume of wastewater generated by GSWCis
customers in South San Gabriel. Based on the populations served and the average wastewater
treatment rates for the San Jose Creek and Whittier Narrows WRPs as detailed above, the
average per capita wastewater generation factor for both of these WRPs is 100 gallons per
person per day. This factor was used to estimate existing and projected volumes of wastewater
collected and treated in the South San Gabriel System as summarized in Table 4-13.

Because all of the effluent from Whittier Narrows and San Jose Creek WRPs is treated to meet
Title 22 recycled water standards, 100 percent of the treated effluent is included in Table 4-13
as meeting such standards. However, out of the combined wastewater effluent (115 mgd) from
these two treatment plants, 50 mgd (43 percent) of the treated water is actively reused
throughout the region. Therefore, the assumption is that 43 percent of the treated wastewater
that is collected in the South San Gabriel System is recycled while the remaining 57 percent is
discharged into the unlined portions of the San Gabriel River. Although the majority of the water
that is discharged into the San Gabriel River will contribute to groundwater recharge through the
riverbed, LACSD does not consider this an active recycled water use. Table 4-14 lists the
estimates of existing and projected volumes of treated effluent collected from the South San
Gabriel System that will be discharged into the San Gabriel River.

Although much of the wastewater generated in the South San Gabriel System is recycled, all of
the reuse sites are elsewhere in the LACSD system, and there are no existing uses of recycled
water within the boundaries of the South San Gabriel service area. Therefore, Table 4-15 has
intentionally been left blank.

Table 4-13:  Estimates of Existing and Projected Wastewater Collection and Treatment in ac-ft/lyr (mgd)

for the South San Gabriel System

2005® 2010® 2015 2020 2025 2030 2035
Projected
population in 28,140 28,715 29,414 30,065 30,710 31,332 31,932
service area'
Wastewater
collected and 3,152 3,216 3,295 3,368 3,440 3,510 3,577
treated in (281 mgd) | (2.87mgd) | (2.94 mgd) | (3.01 mgd) | (3.07mgd) | (3.13mgd) | (3.19 mgd)
service area®”
water standard (2.81mgd) | (2.87 mgd) | (2.94mgd) | (3.01 mgd) | (3.07mgd) | (3.13mgd) | (3.19 mgd)

Notes:

1. This table is based on the DWR Guidebook Table 21.
2. For population projections see Section 2.3.

3. Based on calendar year.
4

. Volumes of wastewater collected and treated are estimated based on the per capita generation factor.
WW [ population x 100 gal'day.
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Table 4-14:  Estimates of Existing and Projected Disposal of Non-Recycled Wastewater in ac-ftlyr (mgd)

for the South San Gabriel System

Method of
Disposal Treatment Level | 2005? | 2010? 2015 2020 2025 2030 2035
River Discharae Tertia 1,782 1,818 1,862 1,904 1,944 1,984 2,022
9 ry (1.59) | (1.62) (1.66) (1.70) (1.74) (1.77) (1.80)
Notes:

1. This table is based on the DWR Guidebook Table 22.
2. Based on actual year.
3. Volumes of effluent discharged are estimated. For a description of the methodology, refer to the text.

Table 4-15:  Existing Recycled Water Use in the South San Gabriel System

2010 Use
Type of Use Treatment Level (ac-ftiyr)
NA NA NA

4.8.3 Potential and Projected Use

Although the wastewater generated in the South San Gabriel System is treated by the San Jose
Creek and Whittier Narrows WRPs, the recycled water distribution networks from these two
facilities do not extend to the South San Gabriel System. It is the responsibility of LACSD, as
owner and operator of these facilities, to determine the feasibility of extending the recycled
water distribution network to South San Gabriel. At this time, LACSD does not have plans to
extend their distribution network.

In addition to LACSD, the Upper San Gabriel Municipal Water District (Upper District), a
member agency of the Metropolitan Water District of Southern California, and a water provider
for the GSWC, has developed a direct reuse project located in the vicinity of the South San
Gabriel System. The Direct Reuse project will supply approximately 1,800 ac-ftiyr of recycled
water to irrigation customers in the Whittier Narrows area in order to replace groundwater and
imported potable water that historically has been used for irrigation at these customer locations.
However, this project does not include GSWC customers within the South San Gabriel System.

Since no potential or projected recycled water use has been identified for the South San Gabriel
System, Table 4-16 and Table 4-17 were intentionally left blank. In the 2005 UWMP for the
South San Gabriel System there were no projections of recycled water by the year 2010, so
Table 4-18 has also been left blank.
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Table 4-16:  Potential Future Recycled Water Uses in ac-ft/yr

Treatment
Type of Use Level Description | Feasibility 2015 2020 2025 2030 2035
NIA NIA NIA NIA NIA NA NIA NIA NA

Note:
This table is based on the DWR Guidebook Table 23.

Table 4-17:  Projected Future Recycled Water Use in Service Area in ac-ft/yr

Type of Use 2015 2020 2025 2030 2035

NA NIA NA N[A N[A NA

Table 4-18: Comparison of Recycled Water Uses—Year 2000 Projections versus 2005 Actual

Type of Use 2005 Projection for 2010 2010 Actual Use

NA NIA NIA

Note:
This table is based on the DWR Guidebook Table 24.

4.8.4 Optimization and Incentives for Recycled Water Use

If and when the LACSD andior Upper District decide to extend the distribution of recycled water
to South San Gabriel, where feasible, GSWC will support the projects by encouraging recycled
water use among its customers. However, because no plans exist to provide recycled water to
the South San Gabriel System, there are no actions in place at this time by which GSWC is
encouraging the use of recycled water in this system. Therefore, Table 4-19 is not applicable for
this system and has been intentionally left blank.

Table 4-19: Methods to Encourage Recycled Water Use and the Resulting Projected Use in ac-ft/yr

Actions 2015 2020 2025 2030 2035

NA NA N[A NA N[A N[A

Note:
This table is based on the DWR Guidebook Table 25.
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Chapter 5: Water Quality

Section 10634 of the Act requires an analysis of water quality issues and their impact to supply
reliability. The Act states as follows:

Section 10634. The plan shall include information, to the extent practicable, relating to the quality of existing
sources of water available to the supplier over the same five-year increments as described in subdivision (a) of
Section 10631 and the manner in which water quality affects water management strategies and supply
reliability.

5.1 GSWC Measures for Water Quality Regulation Compliance

To facilitate full compliance with water quality laws and regulations, GSWC maintains an
Environmental Quality Department that has independent lines of reporting authority within the
organization. The Environmental Quality Department is headed by a company officer specifically
assigned to oversee and manage the companyis environmental and water quality programs.
The Vice President of Environmental Quality has a staff of three managers, including two Water
Quality Managers. The Water Quality Managers, in turn, manage a staff of Water Quality
Engineers and Technicians that are assigned to district offices. Each district office is assigned
one Water Quality Engineer and at least one Water Quality Technician to provide direct support
to the local drinking water systems within the district.

The District Water Quality Engineer is the main point of contact for the California Department of
Public Health (CDPH) as well as other regulatory agencies. The Water Quality Engineer also is
responsible for coordinating compliance measures through scheduling required sample
collection, preparing water quality related plans, maintaining a water quality database, providing
training to operations, maintaining a cross connection control program, and preparing and
submitting monitoring reports, permit applications and other regulatory related correspondence.

As a whole, the Environmental Quality Department monitors and participates in the
implementation of new water quality related laws and regulations. Through routine department
meetings and training, the District Water Quality Engineers are kept up to date with changing
water quality regulations and related technology. These efforts contribute towards maintaining a
pool of trained water quality professionals that can be utilized throughout the company. This
provides the company the ability to respond to a wide variety of water quality issues or
emergencies.

5.2 Water Quality Issues

The drinking water quality of the South San Gabriel System must comply with the Safe Drinking
Water Act (SDWA), which is composed of primary and secondary drinking water standards
regulated by the U.S. Environmental Protection Agency and CDPH. Water Quality sampling is
performed at each well and within the distribution system to ensure compliance with the
regulatory standards.
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5.2.1 Surface Water Quality

Treated surface water purchased from the Upper San Gabriel Valley Municipal Water District
(Upper District) enters the South San Gabriel System through a single inter-connection.
Metropolitan and Upper District are responsible for meeting all drinking water standards as
water leaves the surface water treatment plant and at all inter-connections with the South San
Gabriel System.

5.2.2 Groundwater Quality Management

Significant groundwater contamination in the Main San Gabriel Basin has resulted from
industrial solvents known as volatile organic compounds (VOCs) and agricultural practices
which contribute nitrates to the groundwater. In an effort to create a coordinated response to the
groundwater contamination issue and to minimize impacts to groundwater supply, Main Basin
water agencies adopted a joint resolution in 1989. This resolution assigned the Main Basin
Watermaster the responsibility of developing and maintaining a 5-Year Water Quality and
Supply Plan, subject to review by the Los Angeles Regional Water Quality Control Board. The
objective of the 5-Year Plan is to coordinate cleanup projects, and ensure that pumping does
not lead to degradation of water quality in the Main Basin. The Upper District also maintains a
basinwide groundwater quality management and remediation plan (Upper District, 2010). As a
result of these coordinated efforts by the Main Basin Watermaster and Upper District,
groundwater quality is carefully monitored and activities are regulated to ensure that the effect
of contamination on producers, including GSWC, is minimized.

5.2.3 Groundwater Quality

Table 5-1 summarizes water quality issues and recommendations for wells within the water
system. The groundwater wells in the South San Gabriel System meet all current California
Title 22 drinking water standards before water is delivered to customers. The following
discussion relates to contaminants with maximum contaminant levels (MCLs) that are either
existing or have been proposed by the USEPA andior CDPH.

Drinking water regulations pertaining to emerging contaminants of concern, such as chromium
(VI), nitrosamines, and VOCs, and potential revisions to existing regulations are closely
monitored by GSWCIs Environmental Quality Department. The appropriate sampling and action
will be taken on any affected water supply sources as monitoring requirements, new or revised
MCLs are promulgated by the USEPA or CDPH. It is anticipated that it will take approximately 2
to 5 years from official adoption of a new or revised MCL to implement wellhead treatment or
alternative approach for a source, including all steps from procuring CPUC funding approval to
planning, permitting, design, and construction. There is typically adequate time allotted from
regulatory approval to promulgation of a new drinking water standard to address localized
treatment requirements; therefore no direct impacts to water supply reliability from future water
quality regulations are anticipated at this time.

Portions of the groundwater basin are impacted by contaminants from improper waste disposal.
The contaminants consist primarily of volatile organic compounds (VOCs) and perchlorate. The
water system has been able to compensate for the loss of the contaminated wells and maintain
its extractions from the basin by upgrading equipment at existing well sites, and making other
system improvements.
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The water system currently includes a total of seven wells, four of which have been taken off-
line due to groundwater contamination. These wells and associated contaminants are:

e Earle Well [1VOCs
e Garvey Wells No. 1 and No. 2 [1VOCs
e San Gabriel Well No. 2 [1VOCs, perchlorate and nitrate

Perchlorate. To date, perchlorate has impacted two wells, San Gabriel Wells Nos. 1 and 2. In
2010, perchlorate treatment was removed due to a sustained decline in perchlorate levels at
San Gabriel Well No. 1. In addition, granular activated carbon treatment is being provided to
remove VOCs. An expansion of the treatment process is underway to bring San Gabriel Well
No. 2 on-line.

VOCs. Volatile organic compounds (VOCs) have impacted the five wells, including the San
Gabriel No. 1 Well for which granular activated carbon treatment is being used. VOC monitoring
and actions at the other wells include drilling replacement wells, well destruction, or installation
of wellhead treatment systems.

Nitrate. Nitrate currently impacts San Gabriel Well No. 2. There is currently no treatment in
place for nitrate, and the well has been taken offline.

1,4-Dioxane. Recently, 1,4-Dioxane has been detected in San Gabriel Well No. 1. The average
concentration is below the Notification Limit of 1 [glL. 1,4-Dioxane monitoring occurs on a more
frequent basis.

Should additional treatment for the constituents listed above including perchlorate, VOCs, or
1,4 dioxane removal be required in the future, it is anticipated it would take approximately 2 to

5 years to implement a best available technology wellhead treatment system such as ion
exchange, GAC, or advanced oxidation. Consideration will also be included for alternative water
quality management strategies such as blending or supply replacement.

Radon. Radon has also been detected in many of the wells in the system. In 1999, the USEPA
has proposed a radon MCL at 300 pCill, with an alternative standard of 4,000 pCilL if the state
has an approved Multimedia Mitigation program to reduce the indoor radon risk from soil and
rocks underneath homes and buildings. While the proposed radon rule has not proceeded to
promulgation, the effect of the proposed radon MCL would be widespread in groundwater wells
throughout California.

Groundwater production from most of the active wells in this system will be impacted if the
radon MCL is set at 300 pCill.. Best available technologies for radon removal include Packed
Tower Aeration (PTA) and Granular Activated Carbon (GAC). Due to some critical operation
concerns with the use of GAC, PTA is the most common and effective method for radon
removal. Installation of treatment facilities at some of the well sites in this system may be
problematic due to lack of available space for treatment equipment. It is expected the state will
develop an approved Multimedia Mitigation program thus allow the alternative MCL standard. If
an MCL is promulgated, Multimedia mitigation would be recommended for these wells.
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Table 5-1:  Summary of Assessment

Current
Well
Capacity Water Quality
Well (gpm)"* Status IssueConcern Existing Treatment Recommendations
Earle 0 Inactive VOCs; Radon Destroy
Garvey No. 1 0 Inactive VOCs; Radon Destroy
Garvey No. 2 0 Inactive VOCs; Radon Destroy
San Gabriel No. 1 1,200 Active VOCs, GAC Continue Treatment
Perchlorate [
1,4-Dioxane
San Gabriel No. 2 0 Inactive VOCs Provide Treatment;
perchlorate; Future multimedia
nitrate, Radon mitigation (radon)
Saxon No. 3 1,000 Active Radon Future Multimedia
mitigation (radon)
Saxon No. 4 500 Active Radon Future Multimedia
mitigation (radon)

Note:

1. Estimated annual average current well production capacity is provided; actual and design instantaneous pumping capacity may
be greater for each well.

5.2.4 Distribution System Water Quality

Distribution system water quality monitoring is performed for several water quality parameters in
the South San Gabriel System, including general physical parameters, presence of coliform
bacteria, disinfectant and disinfection by-product levels. Corrosivity of the water is monitored by
measuring lead and copper levels at customer water taps. The South San Gabriel System
utilizes an approved Sample Siting Plan for the collection, recording, and reporting of all
bacteriological analyses. All monitoring parameters and levels currently meet drinking water
standards. The ability to continue to meet these standards is not expected to change in the
foreseeable future. The South San Gabriel System has also established an aggressive cross-
connection control program to reduce the hazard associated with backflow and back-siphonage.
These programs are required to comply with DHS regulations on Waterworks Standards and
Cross Connection Control. Drinking water standard levels for disinfection by-products will be
lowered in the future in accordance with the Stage 2 DIDBP Rule. It is anticipated that the
system will meet the new standard without treatment or operational changes.
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5.3 Projected Water Quality Impacts

As the water system loses additional wells due to groundwater contamination (Table 5-2),

evaluations will be made to determine replacement water supply, treatment options and(or
drilling new wells in accordance with the requirements of the Upper Districtis groundwater

quality management policies.

Table 5-2:  Summary of Projected Water Supply Changes Due to Water Quality Issues

Projected Change (ac-ftyr)

Water Source 2010 2015 2020 2025 2030 2035
Earle (to be destroyed) (261) 0 0 0 0 0
Garvey No. 1 (to be destroyed) (149) 0 0 0 0 0
Garvey No. 2 (to be destroyed) (217) 0 0 0 0 0
San Gabriel No. 1 0 0 0 0 0 0
San Gabriel No. 2 0 0 0 0 0 0
Saxon No. 3 0 0 0 0 0 0
Saxon No. 4 0 0 0 0 0 0
Note:
Table format based on DWR Guidebook Table 30.
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Chapter 6: Water Supply Reliability

Sections 10631 and 10635 of the Act require that an assessment of water supply reliability for
various climatic conditions be undertaken. The Act states:

Section 10631.

(c) (1) Describe the reliability of the water supply and vulnerability to seasonal or climatic shortage, to the
extent practicable, and provide data for each of the following:

(A) An average water year.
(B) Asingle dry water year.
(C) Multiple dry water years.
(2) For any water source that may not be available at a consistent level of use, given specific legal,

environmental, water quality, or climatic factors, describe plans to supplement or replace that
source with alternative sources or water demand management measures, to the extent practicable.

Section 10635.

(@) Every urban water supplier shall include, as part of its urban water management plan, an assessment of
the reliability of its water service to its customers during normal, dry, and multiple dry water years. This
water supply and demand assessment shall compare the total water supply sources available to the
water supplier with the total projected water use over the next 20 years, in five-year increments, for a
normal water year, a single dry water year, and multiple dry water years. The water service reliability
assessment shall be based upon the information compiled pursuant to Section 10631, including available
data from state, regional, or local agency population projections within the service area of the urban water
supplier.

6.1 Reliability of Supply

The South San Gabriel System obtains its water supply from two sources: Metropolitan
imported water obtained from the Upper District San Gabriel Valley Municipal Water District
(Upper District), and groundwater from the Main San Gabriel Groundwater Basin. The majority
of the imported water delivered from the Upper District to its sub-agencies is used for
groundwater recharge (Upper District, 2011). Upper District is the agency identified in the Main
Basin Judgment that is responsible for importing water into the basin for the South Arcadia and
South San Gabriel Systems. The Upper District imports water from Metropolitan, therefore,
conditions in local and distant areas can impact the reliability of supplies. In general, GSWCis
supply is expected to be 100 percent reliable through 2035. This is a result of the projected
reliability of the Upper District as a member of Metropolitan, both of which intend to provide 100
percent reliable imported water supplies. Groundwater reliability is based on GSWCIs share of
the projected Main San Gabriel Basin annual OSY and the numerous current and planned
projects in the Main San Gabriel Basin designed to increase the reliability of the groundwater
supply. The following is a summary of the basis of this reliability.

6.1.1 Metropolitan Supply Reliability

Metropolitan member agencies in the San Gabriel Valley, including Upper District, are largely
pass-through entities that obtain nearly all their imported water from Metropolitan, directly or
indirectly. Metropolitanis resource management plans are intended to optimize the use of its
available resources during surpluses and shortages to minimize the probability of severe
shortages and eliminate the possibility of extreme shortages and shortage allocations
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This section presents a brief discussion of the source reliability of Metropolitanis primary water
supply sources: imported water supply from the Colorado River and the State Water Project,
and Metropolitanis plans to ensure a reliable water supply into the future. Metropolitan maintains
a diverse portfolio of water sources including surface water supply, aquifer recharge and
recovery, desalination, and recycled water. The two primary components of Metropolitanis water
supplies are also the most variable:

e Colorado River Supply: Metropolitan owns and operates the Colorado River Aqueduct
(CRA), which connects the Colorado River to the Metropolitan regional distribution system.
The CRA has a capacity of 1.25 Million AFY (MAF) to transport Metropolitan(s current
contracted entitlement of 550 Thousand AFY (TAF) of Colorado River water. Metropolitan
also holds a priority for an additional 662 TAF and 180 TAF when surplus flows are
available.

e State Water Project (SWP) Supply: The original State Water Project Contract called for an
ultimate delivery capacity of 4.2 MAF, with Metropolitan holding a contract for 1.9 MAF.
Since that time there have been significant challenges to meeting those delivery goals.
DWR released a Water Allocation Analysis in 2010 that has resulted in a Metropolitan
estimated reduction in SWP supplies of 150 1200 TAF for 2010 (Metropolitan Draft
Regional UWMP, 2010).

As a result of the inherent uncertainty in Colorado River and SWP supplies given various
hydrologic, environmental, and legal considerations, Metropolitan has undertaken several
planning initiatives, summarized below, to broaden its water resources reliability. Metropolitan
has documented that, consistent with Section 4202 of its Administrative Code, the agency is
prepared to provide its member agencies with adequate supplies of water to meet expanding
and increasing needs in the years ahead. When additional water resources are required to meet
increasing needs, Metropolitan has stated that it will be prepared to deliver such supplies. In its
2010 Regional Urban Water Management Plan, Section 1.4, Metropolitan also states that as a
result of investments made in supply and storage, it has identified a resource management plan
that should result in 100 percent reliability for non-discounted non-interruptible demands through
2035.

¢ Integrated Resources Plan Updates (IRP): Metropolitan's IRP updates completed in 1996
and updated in 2004 and 2010, included assessments of potential future regional demand
projections based upon anticipated population and economic growth as well as conservation
potential. The IRP also includes regional supply strategies and implementation plans to
better manage resources, meet anticipated demand, and ensure overall system reliability.
Metropolitan intends to implement the 2010 IRP to further support member agency local
resource development as well as to investigate generating its own local resources for
distribution to member agencies. The development of local resources, as well as the
furthering of existing conservation goals to meet the Water Conservation Act of 2009
targets, is anticipated to provide a supply buffer for member agencies to rely upon in times
of drought and long-term climatic changes.

e 1999 Water Surplus and Drought Management Plan (WSDM): The WSDM provides the
policy guidance to manage the regionis water supplies to achieve the reliability goals of the
IRP. This is achieved by integrating the operating activities of surplus and shortage supplies
through a series of stages and principles.
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e 2008 Water Supply Allocation Plan (WSAP): The WSAP includes the specific formula for
calculating member agency supply allocations and the key implementation elements needed
for administering the allocation. The need for the WSAP arose after the 2008 Bay-Delta
biological opinions and rulings that limited SWP supplies to its contractors including
Metropolitan. The WSAP formula seeks to balance the impacts of a shortage at the retail
level while maintaining equity on the wholesale level for shortages of Metropolitan supplies
up to 50 percent.

Since the 2008 Bay-Delta reductions, Metropolitan has been using the WSAP formulas to
contend with the reduction in available imported supplies implementing a Stage 2 (Regional
10 percent reduction in supply allocation) of the WSAP from July 2009 to April 2011. During
such allocations, Metropolitan institutes severe financial penalties should an entity request
supply over their reduced allocation. This in effect, limits supply at the retail level. Although it
is anticipated that the WSAP will continue to be in effect in the nearterm, Metropolitan
states in its 2010 Draft UWMP that there will be sufficient supply to meet member agency
demands in single and multiple-dry years from 2015 through 2035. However, this is
assuming that Metropolitan storage levels are at or above average levels prior to those
cycles, and key programs come to fruition as assumed by Metropolitan in their projections.
For example, Metropolitan assumes that a Delta conveyance solution will be in place by
2022. Also, Metropolitan has indicated that there is a 50 percent probability that storage
levels will be lower than the assumption used. Based on the recent WSAP allocations and
regulatory restrictions in the Delta. GSWCIs conservative assumption is that Metropolitanis
projections in their 2010 Draft UWMP may not be 100 percent reliable in all cases.

6.1.2 The Upper District’'s Water Supply Reliability

In addition to Metropolitanis reliability initiatives, the Upper District and GSWC participate in a
variety of programs intended to enhance the reliability of regional water supply. These projects
include surface water treatment plant improvements, percolation studies, recycled water, and
groundwater cleanup. In addition, the Upper District is currently evaluating the expanded use of
recycled water for groundwater recharge. See the Upper District's 2010 UWMP for details.

6.1.3 South San Gabriel System’s Water Supply Reliability

Supply reliability for the South San Gabriel System depends upon the reliability of imported
water and local groundwater pumping, as discussed above.

Under the Main San Gabriel Basin Judgment, the Watermaster is responsible for managing
withdrawals from the Basin by monitoring groundwater levels at the Baldwin Park Key Well. The
Judgment states that the Watermaster shall not spread replenishment water when the
groundwater level at the Key Well exceeds 250 feet above mean sea level (msl). The Judgment
also states that the Watermaster shall spread replacement water necessary to maintain the
water level elevation above 200 feet msl. During the period of management under the
Judgment, significant drought events have occurred from 1969 to 1977, 1983 to 1991, and 1998
to 2004. In each drought cycle the Main San Gabriel Basin was managed to maintain
groundwater levels. Based on historic management practices, all pumpers from the Main San
Gabriel Basin will have adequate supply over the next 25 years under single year and multiple
year drought periods (Upper District, 2011). The Upper Districtis UWMP provides basin-wide
details about the reliability of the Main San Gabriel Basin.
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GSWC and other water producers participate with the responsible agency, Upper District, to
ensure that the OSY is available to the pumpers in the Main San Gabriel Basin. The Upper
District has a cyclic storage agreement with Metropolitan and the Main Basin Watermaster.
Cyclic storage accounts have been used to increase storage in the basin since 1975.
Metropolitan pre-delivers replenishment water to the Basin and later sells the stored water to the
water districts at a reduced rate. Metropolitan can store up to 100,000 ac-ft of water for the
Upper District. Currently, Metropolitan has 22,633 ac-ft of water in storage for Upper District
(Main San Gabriel Basin Watermaster 2010).

The Main San Gabriel Groundwater Basinis pumping and reliability is subject to the OSY
established each fiscal year by the Watermaster and the availability of replenishment water.
Long-term cyclic storage provides a mechanism that allows the responsible agency to establish
a buffer during droughts and periods of reduced OSY by allowing for storage recharge waters
during times of available import supplies. Recharge in the basin occurs from percolation of
precipitation, return flow of applied water, some septic system discharges, and stream flow.
Recharge through streams and spreading basins is generated from runoff from surrounding
mountains and imported water from the State Water Project and the Colorado River.

There are also pending amendments to the Judgment that would enhance groundwater
reliability in the basin. The Watermaster has determined that its 1973 Judgment may require
changes to reflect the current conditions and allow the Watermaster more flexibility in securing
necessary supplemental supplies. The Watermaster expects proposed changes to be finalized
and submitted to the Los Angeles Superior Court for approval after FY 2010-11 (Watermaster
2010). Some of the key proposed changes that would enhance basin groundwater reliability and
reduce vulnerability to droughts and uncertain imported supplies include:

e Storage and export [allow for outside water to be stored and exported by agreement with
Watermaster;

* Recycled water [remove the limit on recycled water that can be recharged in 1 year;
e Key Well [Celiminate the 250-foot upper limit at the Key Well for spreading imported water;

e Assessments [ provide a means for the Watermaster to levy assessments to support
endeavors such as pre-purchasing Replacement Water, development of new supplemental
water resources (such as the recycled water recharge project), and to buy supplemental
water that may become available unexpectedly or on short notice.

In part, the Main Basin reliability may also be increased through the groundwater management
and replenishment efforts of the other responsible agencies in the basin. For example, the
Upper San Gabriel Municipal Water District will supply approximately 15,000 ac-ftiyr of recycled
water to irrigation customers through the San Gabriel Valley Water Recycling Direct Reuse
Project. This project will optimize the availability of Metropolitan(s imported water supply,
enhancing the reliability of regional water supplies. This project replaces untreated imported
water used for groundwater replenishment and irrigation. There are four phases to this project,
two of which have been completed in 2007. The remaining two phases include the following:

Phase IIA-Rosemead Extension expands Phase [IA-Whittier Narrows Project to provide
recycled water in the near future to the Whittier Narrows Golf Course, several schools, parks
and industrial complexes. The project began construction in September 2009 and is projected to
be completed by summer of 2011. Pipeline construction is complete and retrofits are being
designed. The facilities for Phase IIA-Rosemead Extension include an approximate 2.5-mile
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long pipeline. An approximate demand of 720 acre-feet per year of high-quality water is
anticipated to be supplied from the Whittier Narrows Water Reclamation Plant. The
720 acre-feet will be available during an average year, single-dry year and multiple-dry years.

Phase IIB Industry Project is separated into packages. Phase IIB includes the construction of
new joint and local conveyance, storage, and distribution facilities, providing improved and
extended recycled water service to potential customers in the Cities of West Covina and Walnut.
Construction began in 2010 and is projected to be constructed by summer 2013. Phase 1IB will
supply approximately 1,600 acre-feet per year of recycled water to several landfills, parks,
schools, open areas and commercial establishments from the San Jose Creek and Whittier
Narrows Water Reclamation Plants. The 1,600 acre-feet will be available during an average
year, single-dry year and multiple-dry years.

Table 6-1 presents 2035 water supply projections for imported and groundwater sources during
a normal year, a single-dry year, and multiple-dry years for the South San Gabriel System. The
normal-year supply represents the expected supply under average hydrologic conditions, the
dry-year supply represents the expected supply under the single driest hydrologic year, and the
multiple-dry year supply represents the expected supply during a period of three consecutive
dry years.

As described above, Metropolitan, which is the source of water to the Upper District, has
indicated that it will maintain 100 percent reliability through 2035. GSWC bases its reliability
projections for purcha