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ABSTRACT

Analyzing who is using the water, where, but most importantly, how efficiently, is important
to identify enhancements already achieved and potential areas where further improvements can be
made. Application Efficiency (AE) is a performance criterion that expresses how well an irrigation
system performs when is operated to deliver a specific amount of water, for instance, the water
requirements of a crop. AE is defined as the ratio of the average water depth applied and the target
water depth during an irrigation event. The average water depth is the average height of water
applied in a field during an irrigation event. The target water depth is the desired water to be
supplied in a field during an irrigation event. The target water depth considered in this research is
the low quarter depth, which is the average of the depths in the sections of the field that receive less
water than the rest of the field (percentile < 0.25). Five irrigation surveys have been conducted in
California: 1972, 1980, 1991, 2001 and 2010. These surveys have improved our understanding of
the irrigations methods used on the various crops grown in California. The two primary goals of
this project are: (1) estimate the spatial AE for different crops and hydrologic regions by using the
irrigation surveys from 2001 and 2010 combined with theoretical AE values, and (2) create a
geographic information system called California Irrigation Information System (CALIIS) to store
and display this analysis. The primary target audience for the AE estimated in this report is
regional/state water planners as well as large-scale water resource modelers. An extensive
literature analysis was done to understand the relationship between AE and Distribution
Uniformity (DU). A set of theoretical AE values were adopted considering the following
assumptions: (a) irrigation surveys are representative samples of the population, (b) every farmer
knew their irrigation system’s DU and water requirements for their crops, (c) all farmers supplied
exclusively the low quartile depth as the target water depth, and (d) water losses from the
irrigation system were not considered. These assumptions allowed the use of AE values for
hydrologic regions. Results show that averaged over all crops AE improved 3.0% statewide from
2001 to 2010. AE improved in all hydrologic regions of California, except in North Lahontan with a
slight decrease of 0.1 % region wide. Sacramento River, South Coast and San Francisco Bay, are the
hydrologic regions with highest increase in AE, 4.8%, 4.3% and 3.9% respectively. Similarly, the AE
improved for all crops from 2001 to 2010, with highest AE values occurring in vineyards,
subtropical trees, pistachio and almond and tomato. At least 14 crops improved their AE by 2% or
more from 2001 to 2010: cotton, other field crops, cucurbit, onion and garlic, tomato (fresh and

process, other truck crops, almond and pistachio, other deciduous, subtropical trees, turf grass and
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landscape, and vineyards. Further refinement in AE values is needed to reduce and address the

uncertainty in the results presented.
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1. BACKGRO

1.1.

UND

INTRODUCTION

Spatial Analysis of Application Efficiencies in Irrigation for the State of California

Analyzing who is using the water, where, but most importantly, how efficiently, it is of

substantial importance in order to identify potential places where improvements can be made.

Application Efficiency (AE) as the ratio of the average water depth applied and the target water

depth during an irrigation event. The average water depth is the average height of water applied in

a field during an irrigation event. The average water depth depends on the crop and the irrigation

method used, i.e. sub-surface, surface, sprinkler and drip. The target water depth is the desired

water to be supplied in a field during an irrigation event. It is a common practice to use the low

quartile depth, as the target depth. The low quartile depth is the average of the depths in the

sections of the field that receives less water than the rest of the field (percentile < 0.25).
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Figure 1: Statewide Irrigation Methods Survey Data.
(Source: Department of Water Resources. http://www.water.ca.gov/landwateruse/surveys.cfm)
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Understanding the trends of how application efficiency has changed in time and varied in
space is relevant because it helps to quantify how efficient water is applied, for which crops and
where. Five irrigation surveys have been conducted in California: 1972 (Stewart 1975), 1980
(Hagan and Wagner 1983), 1991 (Snyder et al. 1996), 2001 (Orang et al 2008) and 2010 (Tindula et
al. 2013). These surveys have improved the understanding and trends of the irrigations methods
used and the types of crops grown in California. Before this study, the survey’s results were
displayed in a tabular format (Figure 1), but without a geographic component; thus it is difficult to
relate the data and its geographical location if a person is not familiar with California hydrologic

regions (DWR 2009a).

1.2. GOAL

The goal of this research is to provide a set of application efficiency values for the 10
California hydrologic regions (Figure 2) based on: (a) theoretical application efficiencies of different
irrigation methods reported in literature and (b) data collected in the last two irrigation surveys
(2001 and 2010). The application efficiency values have been stored in the California Irrigation

Information System (CALIIS); which improves the visualization of results.

1.3. OBJECTIVES

Two are the main objectives of this research:

1) Introduce the irrigation system survey data into a Geographic Information System (GIS),
called CALIIS, to provide easier access, use, and visualization of trends in irrigation system

usage by region.

A geodatabase was built to store and display the irrigation survey data. The irrigation surveys
contain data for 20 crops and 4 irrigation methods divided in 16 sub-methods. Data is displayed by

hydrologic region. The geodatabase will store the time series for each crop and irrigation method.

2) Analyze spatially and temporally the application efficiency values for each irrigation

method and crop.

-2-
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A literature has been developed to review empirical and theoretical values for
application efficiencies for each irrigation method and sub-method included in the 2010

irrigation survey.

1.4. TARGET AUDIENCE

The target audience for the application efficiency estimates presented in this report is
regional/state water planners as well as large scale water resources modelers. Please read the
section of Discussion (4.2.3) and Limitations (6.2), where limitations of the application efficiency

values are explained.

California Hydrologic Regions
[ central Coast
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I north Coast
I North Lahontan
Sacramento River
San Francisco Bay
| San Joaquin River
[:I South Coast
[ south Lahontan
| Tulare Lake
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United States Geological Survey
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California Department of Water Resources

Map prepared by P.l.: Samuel Sandoval Solis, Ph.D. © 2013.

Figure 2: California Hydrologic Regions
-3-
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2. LITERATURE REVIEW

2.1. INTRODUCTION

Agriculture first opened the door to the evolution of our civilization and society. The
production of farming surpluses supported a sector of non-farmers, allowing for a society of
politicians, priests, merchants, academics, artist, warriors, and room for creative thought.
Improvements to agricultural systems assured more reliable food supplies for more people. This
has changed nowadays with a booming global population who demands food and products
obtained from natural resources. The feasibility of matching food production to population growth
seems overwhelming in the light of today’s trends. The United Nations estimated that by 2050 the
world and United States (US) population are expected to be 8.9 billion and 408 million people,
respectively; 29% and 32% more people than today’s population (UN 2004). Current estimates
indicate less than five percent of the population to be engaged and connected to agriculture
(Ponting 2007). Demand is destined to overtax supplies if natural resources consumption is not
curbed, specifically our appetite for water. This is not a problem caused by a single sector (e.g.
agriculture), stretching water across a larger population is a burden to be shared among
agricultural, economic, political and social sectors. A new attitude toward resource consumption
and population demographics is essential to sustain harmony between human population growth
and environmental stewardship. The efficient use of water is a key strategy, among others, to

achieve a balance between water demand and supply.

2.2. CALIFORNIA

California is an important region to narrow the gap between water input and food output due
the state’s significant agricultural output, enormous crop diversity and the vulnerability of
California’s water supplies. California leads the nation in food production, outranking the second
most productive state, lowa, by nearly three times its export value (Henton et al. 2006). California is
also essential for food diversity with a large range of specialty crops. In the 1940’s, an agriculture
census documented that only 6 percent of the state was dedicated to general crops, with the
remaining 94 percent dedicated to specialized crop production (Hutchinson 1946). In 1945, the

University of California estimated 118 distinct farming areas in California, with the second most

-4 -
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diverse farming region of the time being Pennsylvania, with 25 different crop varieties (Johnston
2003). Kuminoff et al. (2000) reported California to be the exclusive US producer (over 99%) of 12
crops (almonds, artichokes, dates, figs, kiwifruit, olives, clingstone peaches, persimmons, pistachios,
prunes, raisins and walnuts), and is responsible for 70% to 99% of 11 other specialty crops (wine
grapes, table grapes, lettuce, strawberry, broccoli, carrots, avocados, lemons, plums, celery and
cauliflower) (also in Finney and Symonds 2003). Despite the richness and abundance that
California agriculture provides, food production faces future challenges due to finite water

resources.

There are political and economic motivations to maintain and improve agro-production with
less water. In 2009, California passed a wide-ranging legislative bills, referred as SBX?7,
encompassing a variety of water problems in California, such as: Delta governance and
management (SBX7-1) (Simitian and Steinberg 2009), water bond measures (SBX7-2) (Codgill et al.
2009), groundwater monitoring (SBX7-6) (Steinberg and Pavley2009), water conservation (SBX7-
7) (Steinberg 2009a) and water rights enforcement (SBX7-8) (Steinberg 2009b). In particular,
SBX7-7 requires agricultural water suppliers to implement efficient water management practices
by July 2012. Furthermore, the bill mandates preparation of agricultural water management plans

by December 2012 (Steinberg 2009a).

Economic motivations to maintain and improve agro-production with less water are: (1) the
reduction in the fixed cost to pay for water, such as energy cost, capital cost of new water supply
projects, operation and maintenance; (2) the increase in crop yield by optimizing the minimum
amount of water that can produce the maximum crop production; and (3) and the conservation of
water resources for future production. Yet, capital cost is the dominant barrier to installing a new
irrigation system. Caswell and Zilberman (2001) discuss the economic drivers of irrigation methods
and the influences of a farm’s region, crop and water source. They found groundwater dependent
farmers, especially those in Kern County or growing almond and pistachio nuts, are more likely to
install water efficient systems (e.g. drip and sprinkler). The high value cash crops and limited water
available creates an adequate environment to become more economically efficient by using less
water. At the irrigation district scale, Griffin (2006) analyzed pricing models for inter-seasonal and
regional water efficiency, he identified pricing mechanisms to reduce water demand allowing for
water surpluses among irrigation districts, and potential models to actively trade water and
earmark water rights. Economic motivations are intertwined with political legislation of state water

management, trickling down to enforce individual farm-scale decisions.

-5-
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Efficient irrigation systems and management ameliorate urban water use competition,
mitigate food prices and promote high quality of life standards in California. Although global
irrigated land has expanded from 124 to roughly 660 million acres over the past century (Gleick
2000), California irrigated cropland has been at a constant decline. Loss of state farmland to
urbanization, environmental restoration and projected snowpack reductions constrains farmable
land and irrigation supplies. Approximately 40,000 agricultural acres are consumed by
urbanization each year (Thompson 2009). Thus, a serious need for advanced water use efficiency is
expressed through state political and economic actions. As public attitude, management decisions
and hydraulic technologies influence the future of our water supplies and food production, we focus

on the agricultural sector of irrigation water use.

2.2.1. WATER IN CALIFORNIA

Although the global market is influenced by California food productivity, state irrigation
depends on vulnerable and limited water supplies. Water users rely on groundwater from aquifers,
surface water mostly from the Sierra Nevada snowpack or both. Groundwater and surface water
sources are threatened by groundwater overdraft and declining snowpack levels accompanying
rising annual temperatures. Sierra Nevada snowpack has been decreasing since the 1950s in
response to climate change, threatening a major surface water source and storage for the state
(Hanak et al. 2011). Upon limited snowpack, state and federal water projects are at risk to reduce
the water allocation for irrigation, leaving those fortunate enough to overly groundwater to rely on
such secondary supplies. However, recurring droughts and consistent groundwater pumping has
led to groundwater overdraft, subsidence of ground elevation levels and seawater intrusion along
the state coastline, leaving little water stored for future years of low snowpack and surface water

(DWR 2003).

In addition to threatened water supplies, agriculture competes for water with other sectors,
such as industrial, municipal and environmental water users. This competition requires the
cooperation across all water-dependent sectors to maximize the benefits obtained from the use of
water, sometimes tradeoffs must be made among stakeholders giving the finite nature of water
resources. One of the strategies to minimize the tradeoffs is the efficient irrigation management.
Irrigation Efficiency (IE) is not the single solution to all water problems; it is just one management
strategy (among several strategies) to couple with increasing water scarcity, competing water uses,

climate change, increasing water demand due to growing population, among other challenges

-6-
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(DWR 2009b). Combining IE with improved crop selections, appropriate irrigation timing and other
farm management actions will help sustain irrigated food crops demanded by a growing world

population with finite land and water resources.

2.3. THE CONCEPT OF EFFICIENCY IN WATER RESOURCES

The conceptual interpretation of efficiency is misunderstood occasionally throughout the
literature, but often in societal and political usage of the term. The Merriam-Webster (2013)
dictionary defines “Efficiency” as the ability to produce a desired result without wasting materials,
time, or energy. In this paper the authors refers to efficiency as the capacity to produce a product
(e.g. a commodity) at a predetermined or optimum rate of production (e.g. predetermined crop
yield) using the least inputs possible (e.g. water, financial investment, fertilizer, etc.). The authors
avoid on purpose the use of wasting material, in this case wasting water, because it has a pejorative

meaning, it is assumed that water users do not waste resources on purpose.

Similarly to the conceptual definition of efficiency, there is frequent confusion within the
literature when discussing and determining water use efficiency (WUE), irrigation efficiency (IE)
and application efficiency (AE). Although there are clear definitions of these terms provided by the
American Society of Agricultural and Biological Engineers (ASABE) and the American Society of
Civil Engineers (ASCE 1978), both of them consistent with definitions provided by the US
Department of Agriculture (USDA) and FAO (Hillel 1997), there is still confusion; these terms are
used interchangeably or incorrectly. In this paper the authors adhere to the definitions of ASABE,
ASCE and USDA.

-7-
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3. EFFICIENCY CRITERIA IN IRRIGATION SYSTEMS

3.1. INTRODUCTION

Efficiency for irrigation can be catalogued from three points of view. :

1) Irrigation system performance,

2) Uniformity of water application, and

3) Crop response to irrigation

These measures are interrelated and vary on a spatial and temporal scale. The spatial may
vary from a single field up to whole irrigation district, watershed or hydrologic region. The

temporal scale can vary from a single irrigation event, up to a growing season or a period of years.

3.2. KEY DEFINITIONS

Evaporation (E) is the conversion of water in liquid state to vapor. For the purposes of this
report, it is only considered evaporation from free surfaces of water in transit, from plant surfaces
intercepting irrigation water and from the soil surface interface between the wetted soil and the
atmosphere above. (Burt et al. 1997). Evaporation can be modified by changing irrigation
frequency, irrigation method, mulching, shading, and other techniques. Transpiration (T) is the

volume of water that has passed through plant stomata and into the atmosphere as vapor.

Evapotranspiration (ET) is a generic term for the combined process of transpiration from
plants and evaporation from soil and wet plant tissue. Crop Evapotranspiration (ET¢) is the amount
of water for evaporation and transpiration that can be associated to determined crop within a field

or cropped area.

Applied Irrigation Water (AW,), or simply Applied Water, is the volume of water dedicated for
irrigation purposes, it is the total volume of water that passes at the farm diversion point. A farm
diversion point is a place where the water coming from the water source is or can be accounted,

these points can be: the outlet of a groundwater well, river or canal intake and spillways.

Consumptive uses is the portion of the applied irrigation water that ends up in the
atmosphere, plus water that is harvested in the crop and plant tissue, plus water considered

irrecoverable, thus it is consumed. Non consumptive uses is any other portion of the applied
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irrigation water that abandons the field or root zone system, and that can be recovered or re-
applied elsewhere. Examples of non consumptive uses are runoff, deep percolation, canal spills,

among other

Beneficial uses of water is the amount of water required for an adequate grow of a crop in
addition to crop evapotranspiration (ET¢). These water uses include: removal of salts (leaching for
salinity control), microclimate control (evaporative cooling during extreme heat or frost
protection), seedbed preparation, germination of seeds, softening of a soil crust for seedling
emergence, and ET from plants beneficial to the crop (windbreaks or cover crops) (Burt et al. 1997,
Imak et al. 2011). Non-beneficial uses are those uses intrinsic of the operation of irrigation systems,
that cannot be avoided, such as reservoir evaporation, sprinkler evaporation, water needed for

maintaining water quality standards in drains or wetlands, among others.

Reasonable uses are all beneficial plus certain non-beneficial uses of water. Unreasonable uses
are volumes of water applied in excess or unnecessary for the adequate grow of a crop. Examples of
non-beneficial uses are: uncollected tailwater (unrecirculated in the field), deep percolation in

excess for salt removal, unnecessary ET outside the cropped area, among other.

Table 1 -Reasonable, unreasonable, beneficial and non-beneficial uses of water. Adopted from
Burt et al. 1997

Beneficial Uses

Crop evapotranspiration (ET¢)
Water harvested in the crop
 Salt removal
' Microclimate Control
Seed or weed germination
Reasonable . ET of beneficial crop plants

Uses Non-Beneficial Uses
Reservoir evaporation
Soil Evaporation
Sprinkler Evaporation Non-Beneficial
Water needed to maintain Uses
water quality standards
Some deep percolation due to
non-uniformity

Unreasonable Uses

Excessive deep percolation
Excessive tailwater

-9.-
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3.3. IRRIGATION SYSTEM’S PERFORMANCE

This section describes criteria to evaluate the effectiveness of the physical system and
operating decisions to deliver water from the water source(s) to crops. Often, the time span for
criteria described in this subsection is growing season (S) but these criteria can also be calculated

during an irrigation event (t).
3.3.1. CONVEYANCE EFFICIENCY (CE)

Water for irrigation is normally transported from the water source(s) to a diversion point
where water is diverted into the farm field(s). Conveyance facilities include rivers, canals (earthen
or lined), pipelines, and/or a combination of all of these. These facilities have conveyance losses,
meaning that water reaching the farm diversion point is usually less that the water extracted from
the water source(s). Conveyance losses include: canal seepage and spills, evaporation losses and
leaks in pipelines. The conveyance efficiency (CE) is defined as the ratio between the water that
reaches a farm or a control point (AW:) and the diverted water from the water source (Vo) fore

the season (S)(Howell 2003), expressed as:

AWg
CES = VSTotal *100 [1]
Where CE is the conveyance efficiency, AWs is the volume of water that reaches the farm
diversion point at a season S, and VTl js the volume of water diverted from the water source.
Conveyance losses include any canal seepage, and spills, reservoir seepage and evaporation.
Typically conveyance losses are lower for closed conduits or pipelines than for unlined canals or

natural riverbeds.

3.3.2. IRRIGATION EFFICIENCY (IE)

Sometimes, water for irrigation may be applied for other uses than to meet the crop
evapotranspiration needs. Irrigation Efficiency (/E) focuses on the actual hydraulic efficiency more
than crop-water efficiency. IE is the ratio of water used beneficially to irrigation water applied,

expressed by the ASCE (1978) as:

VSBeneficial

IEs =
S AWgs— A(Storage)s

x 100 [2]

-10 -
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where VsBeneficial js the water beneficially used (acre-feet, m3) for a period of time S, and AWs
represents total water delivered to the farm diversion point (acre-feet, m3), and A(Storage); is the
change of water stored as soils moisture expressed as Storage.-Storage.; (acre-feet, m3). Beneficial
uses of applied water (Equation 3) include crop evaporation, leaching for salinity control, frost

protection, and irrigation for field preparation (Equation 4). The water beneficially used

I/‘.S‘Beneficial — VSCrop + VSOther [3]

Where other beneficial uses ( V0ther) is:

i i Beneficial Plants i
VSOther — VSSalt Removal + VSMlcrocleate + VSSeedbed + VS f + VSSOLI Crust [4]

Equation 2 has been simplified in Equation 5 by considering that there is no change in water
stored A(Storage)s from one season to the other. This assumption is discussed in more detail by
Howell (2003).

Beneficial

IEs ==———x 100 [5]

S

In equation 5, it is possible to replace the units of volume in numerator (VsBeneficial) and
denominator (AWs) by depth (feet, meters, etc.), with the understanding that this is a

representative depth of water applied over a unit area (acre, hectare, square-foot, square meter).

The VgBeneficial term in Equation 5 is sometimes subjective because beneficial water use is not a
fixed term. As mentioned before, beneficial use may include crop evapotranspiration (ET.) plus pre-
irrigation water consumption (e.g. water used for leaching of root zone salts and/or for field
preparation) plus water to protect the crop (water for frost protection or during extreme heat).
Water losses that occur as result of excessive deep percolation, runoff, wind drift and spray droplet
evaporation are normally not considered as beneficial use, and thus, decrease the IE. Runoff and
deep percolation losses can be significant if tailwater is not reused or deep percolation water not
recovered from groundwater. In the case where water is recovered, the beneficial water volume
(VsBeneficial) (Eq. 3) should be adjusted to account for the net recovered tailwater and/or deep

percolation water (VsRecovered) as shown in Eq. 6.

Beneficial __ y,Crop Other Recovered
Ve = VP vgther — v 6]

IE has also been called Seasonal Irrigation Efficiency (Howell 2003) to highlight the period of

time considered during the calculations is a growing season. Sometimes, confusion amongst users
-11 -
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appears when in instructive reports or peer-reviewed articles new definitions of IE' and Water Use
Efficiency (WUE) are created under the same namesake. For example, a recent report quantifying
WUE for the California Department of Water Resources (Guivechi et al. 2012) re-defines WUE as a
fraction of water outputs (VsBeneficial) to water inputs (AWs). Adhering to the terminology explained

in this report, Guivechi et al. (2012) is referring to /E and not to WUE.

3.3.3. IRRIGATION CONSUMPTIVE USE COEFFICIENT (ICUC)

The Irrigation Consumptive Coefficient Coefficient (ICUC) (Jensen 1993) is the ratio

consumptive water uses (VsConsumptive) to the applied irrigation water (AWs) during a period of time S,

Consumptive
Vs

ICUCs = x 100

[7]

S

where VConsumptive is the consumptive use of water of the crop during a season S, and AWs
represents the volume of water applied. Table 2 shows the relationship and differences between

ICUC and [E.

Table 2 -Relationship and difference between ICUC and IE based on consumptive, non-
consumptive, beneficial and non-beneficial use. Adopted from Burt et al. 1997

| |
Crop ET¢ Deep percolation for Beneficial IE(%)
Microclimate control Evap. | salt removal USTS
100%
Sprinkler Evaporation Excessive deep
Reservoir Evaporation Excessive tailwater Non-beneficial 100-IE
Soil Evaporation Unrecoverable spills USTS

-Non-consump. Use-

3.3.4. IRRIGATION SAGACITY (1S)

Irrigation sagacity evaluates the reasonable uses of water compared to applied water, as

shown in Equation 8.
-12 -
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VSBeasonable

IS = X 100 8]

AWgs— A(Storage)s

Similarly to irrigation efficiency, if there is no change in water stored 4(S); from one season to

the other, this equation can be simplified as follows:

VSBeasonable

IS = X 100 [9]

N

Both, irrigation sagacity (IS) and irrigation efficiency (/E) consider applied water (AW5s) as the
denominator, in equations 8 and 5 respectively. The main difference between IS and IE is in the
numerator; IS considers the reasonable water uses (VsReasonable) (Eq. 8) which can be beneficial and
non-beneficial, while IE only considers the beneficial water uses (VsBeneficial) (Eq. 5). Table 3 relates

and compares both efficiency performance criteria.

Table 3 -Relation between Irrigation Efficiency (IE) and Irrigation sagacity (IS) according to
reasonable, unreasonable, beneficial and non-beneficial uses of water. Adopted from Burt et al.
1997.

Irr. Efficiency (IE) Irr. Sagacity (IS)
"""""" Beneficial Uses |
i Crop evapotranspiration (ET¢) !
Water harvested in the crop |
IE (%) Salt removal

| Microclimate Control

' Seed or weed germination
ET of beneficial crop plants
Non-Beneficial Uses
100% Reasonable Uses IS(%)
Reservoir evaporation 100%
Soil Evaporation

Sprinkler Evaporation

100-1E Water needed to maintain
water quality standards

Some deep percolation due to
non-uniformity

Unreasonable Uses
Excessive deep percolation 100-IS
Excessive tailwater
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3.3.5. OVERALL IRRIGATION EFFICIENCY (CE)

The overall irrigation efficiency (OIE) represents the efficiency of the entire physical system
and operating decisions in delivering water from the source of water to its beneficial use. OIE is
calculated by multiplying the Conveyance Efficiency (CE) and Irrigation Efficiency (IE):

_[Es  cEs
OIEs = [100 x 100] x 100 [10]

3.3.6. EFFECTIVE IRRIGATION EFFICIENCY (CE)

Re-use of runoff water decreases the amount of water pumped from a water source and can
improve the overall irrigation efficiency (OIE). The Effective Irrigation Efficiency (EIEs) is the
overall irrigation efficiency corrected for runoff and deep percolation that is recovered, reused
and/or restored to the water source without reduction in water quality (Irmak et al. 2011). EIE is

expressed as:

OIE;

EIEg = [0155 + (FRS x(1- m))] x 100 [11]

where FR; is the fraction of the runoff, seepage and/or deep percolation that is recovered.

3.4. UNIFORMITY OF WATER APPLICATION PERFORMANCE

An important component improving the efficiency of irrigation systems is the uniform
distribution of water. Often, the time span for criteria described in this subsection is an irrigation

event (t) but some of these criteria can also be valid for the whole growing season (5).

3.4.1. DISTRIBUTION UNIFORMITY (DU)

Distribution Uniformity (DU) measures how well irrigation water is distributed to different
areas in the field, called elements (Burt et al. 1997). An element, is the smallest unit area in the field
that requires water, but big enough to assume that the variation of the distributed water within the

element is not important. The low-quarter distribution uniformity (DU4) is used to characterize the
-14 -
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applied irrigation water distribution over surface irrigation systems, but it also can be applied to
micro and sprinkler irrigation systems. The places (elements) where less water is applied have
traditionally been chosen to express uniformity because in these areas water stress can affect crop
growth. The low-quarter distribution uniformity (DU{¢) is a proven and practical method to

evaluate the DU.

The average distribution uniformity (d4w) in a field is calculated as the volume per unit area

(d) for each element (i), from i=1 to i=I, weighted by the element’s fraction of the total area (a;).

Avg 25211 di*xa;
= [12]

Special attention is given to the volumes per unit area of the low quartile (percentile < 0.25)
of the sample (i € p<0.25). The volumes per unit area can also be expressed depth per unit area.

The average low-quarter depth (d/4) is:

i
diq — Z:;=_1foriep<0.25di"‘ai [13]

il o a;
i=1 fori€p<0.25“1

The low-quarter distribution uniformity (DU4) is defined as:

lq a;?
DU," = 227 [14]

where d{¢ is the average low-quarter depth and dAw is the average depth of the water
accumulated in all the elements. DU/ represents the fraction of the lower quartile depth with
respect to the average depth of all elements during a time t. DU is not an efficient term, thus, it has
been recommended to present DU as a fraction number and not as a percentage, to underscore this
distinction (Burt et al. 1997). DU/ vary from O to 1, a DU/ of 1 means that all element areas receive
equal amounts of water per unit area; while a DU of 0.8 means that the average depth of the low-

quartile sample only received 80% of the average depth of the whole field.

3.4.2. APPLICATION EFFICIENCY (AE)

Application efficiency (AE) is an efficiency criterion that expresses how well an irrigation
system performs when is operated to deliver a specific amount of water. AE provides an estimation

of how well a target irrigation depth is met in an irrigation event. . AE is defined as the ratio of the
-15 -
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average water depth applied (d#v) and the depth of water required (d:*¢) during an irrigation
event. The average water depth is the average height of water applied in a field during an irrigation
event. The required water depth (also known as target water depth) is the desired water to be
supplied in a field during an irrigation event. AE evaluates what happens during a single irrigation
event (t), even though the water has not yet been used, for example, for ET¢. (Burt et al. 1997)

dAvg

AE; = g3 X 100 [15]
t

One of the assumptions of AE is that the target depth is considered uniform over the subject
area. AE do not consider change in soils water storage A(Storage)s because it refers to a single

irrigation event (t).

3.4.3. POTENTIAL APPLICATION EFFICIENCY (PAE)

The potential application efficiency (PAE) considers that the average depth of water applied

(d#v9) in a particular irrigation event t, should be the average of the depths in the low-quarter (d¢):

lq _ g’
PAE" = - x 100 [16]
t

Furthermore, this consideration implies that losses due to deep percolation are minimized,
and the AE will be at maximum with a slightly minimum area on the field underirrigated. For

practical purposes, PAE can help to determine the amount of water to be applied:

a0 = afer x (220) 17

lq
PAE,

If the average depth of water applied is equal to the low-quarter depth (dAv = d/9) in equation
16, then PAE/1 will be equal to 100%. Substituting a value of PAE of 100% in Eq. 17 represents that
the depth of water required in the field (d1) is equal to the average of the depths in the low-
quarter (d¢4) which is also equal to the average depth of water in the field (dAw) as shown in

Equation 18.

dfe? = 9 = d7 if PAE" = 100 [18]

-16 -
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By definition PAE and DU are different, DU considers the water infiltration depths plus the
depth of water intercepted (and evaporated) by the canopy and the water evaporated in the
irrigation systems; e.g., water evaporated in sprinklers systems. On the contrary, PAE only
considers infiltration depths. The PAE/ can be calculated as function of DU if the surface losses are

known or already estimated as follows:

PAE! ~ DU[? x (100 — Losses,) [19]

where Losses; (units: %) are surface water losses due to evaporation during spray drift,
evaporation in the canopy and not reused runoff (Burt et al. 1997). Rogers et al. (1997) estimated a

list of losses for different irrigation systems.

3.4.4. Low-QUARTER ADEQUACY (AD)

The Low-Quarter Adequacy (AD) is a complementary criterion of AE that evaluates how much
arequired or target depth is met. The AD is expressed as:
al

l
AD/ = —Teq [20]

t

where d/ is the average low-quarter depth, di¢7 is the depth required a determined irrigation
event t. An AD value of less than 1 (AD<1) will indicate there is under irrigation in the field, an AD
equal to 1 (AD=1) will indicate a proper irrigation, and a value higher than 1 (AD>1) will indicate
overirrigation (See Table 4). Similarly than DU, AD is not an efficiency term; thus, it is recommended

to be expressed as a fraction number and not as a percentage, to underscore this distinction.

Table 4 -Low-Quarter Adecuacy Values. Adopted from Burt et al. 1997

Value Irrigation Comment

The difference between AD and 1 is the
degree of overirrigation

Application Efficiency equal to Potential
Application Efficiency (AE = PAE)

The difference between 1 and AD is the
degree of underirrigation

AD>1  Overirrigation
AD=1  Proper Irrigation

AD<1 Underirrigation
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3.5. RESPONSE OF CROP TO IRRIGATION PERFORMANCE

3.5.1. WATER USE EFFICIENCY (WUE)

Water use efficiency (WUE) expresses the amount of water invested to produce a certain
commodity amount; it is used to evaluate the resource and economic savings associated with a
given crop. The output factor (numerator) ranges from biomass accumulation, total crop biomass
or crop yield. The water input (denominator) is represented by total water put into system,
transpiration or evapotranspiration (ET). Sinclair et al. (1984) discusses this confusion in detail,
along with methods to improve WUE estimations; here WUE was defined as a ratio of biomass
accumulated (e.g. crop yield) to water consumed (eg., evapotranspiration, total water input,
transpiration). Equation 21 shows the determination of WUE commonly expressed as a ratio of
crop output to water input:

Y
WUE, = E—TCC [21]

Where Y is the crop output or yield (units: pounds/acre or tons/hectare) and ET¢ is the
actual evapotranspiration of the crop (units: acre-feet/acre or m3/hectare). If the crop output Y¢
unit is pounds/acre and the water input ET¢ unit is acre-feet/acre, the WUE units are pounds/acre-
feet expressing the crop output (pounds) per unit of water input (acre-feet). WUE values must not
be understood as the more units of water input, the more production to be harvested; instead, WUE
should be understood as a parameter to compare in which regions the soil and climatologic
conditions allows to obtain more (or less) crop biomass for unit of water. WUE is not to be confused

with, or used interchangeable for irrigation efficiency (IE).
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4.. CALIIS — CALIFORNIA IRRIGATION INFORMATION SYSTEM

4.1. PROJECT FRAMEWORK

The main objective of this project is to integrate the irrigation systems’ survey with an
analysis of application efficiencies for each irrigation system, in order to create a California

Irrigation Information System (CALIIS). Figure 3 shows the framework of CALIIS.

Application Efficiencies
For 15 Irrigation Methods
Mean, low & high values
_ Considerations of DU and AE

Irrigation Surveys
20 Crops + 16 Irr. Methods
Time: 2001 & 2010

Statistical Analysis
Weighted Average per Acreage
Surveys: 2001 & 2010
Comparison with Ag. Comm. Reports

California Irrigation Information System (CALIIS)

Geographic =+  Tabular Information

Figure 3: Framework to integrate irrigation surveys and application efficiencies into the California
Irrigation Information System (CALIIS)
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Two are the main sources of information for CALIIS: irrigation surveys of 2001 (Orang et al.
2008), 2010 (Tindula et al. 2013) and the DU values for several irrigation systems (Canessa et al.
2011). The following section explains the DU and AE values used in CALIIS. Then a brief description
of the surveys and the construction and data framework of CALIIS are presented. Finally, the
statistical analysis performed to couple the irrigation surveys with the AE values is explained in the

last section of this chapter.

4.2. APPLICATION EFFICIENCIES

4.2.1. APPLICATION EFFICIENCY VALUES CONSIDERED FOR THE STATE OF CALIFORNIA

Table 5 shows the Application Efficiencies (AE) used in this study.

Table 5 -Application Efficiencies

Application Efficiencies (%)

Irrigation System Low Mean High
Surface Irrigation

Wild Flood 50 68 86
Border 62 73 83
Basin 72 83 93
Furrow 60 73 85
Surface - Sprinkler Side-Roll 60 68 75
Surface - Sprinkler Hand- Move 60 68 75
Sprinkler

Permanent 70 78 85
Hand-Move 60 70 80
Linear-Move 73 82 90
Side-Roll 60 70 80
Micro-Mini 73 81 88
Hose-Pull 70 73 75
Center -Pivot 70 80 90
Drip

Above ground 77 86 95
Buried drip 77 86 95

AE values for Table 5 come from Canessa et al. (2011), Charles M. Burt (personal
communication, February 7, 2013), Tanji and Hanson (1990), Morris and Lynne (2006), Roger et al.
1997, Howell (2003), Hanson et al. (1999), and Irmak et al. (2011).
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4.2.2. CONSIDERATIONS FOR APPLICATION EFFICIENCIES

For this study, the DU values presented in Table 5 are assumed to be the Application

Efficiencies (AE) considering the following:

a)

b)

d)

g)

-21-

Most of the farmers know their DU in their field(s), this assumption allows to scale up
field values into hydrologic regions.

There is a proper irrigation (see Table 4) in each irrigation event (t), meaning that
every farmer supplied the low-quarter depth (d#7) as the target depth (d:*e4) in each
irrigation event (t).

This assumption represent that the Lower Quartile Adequacy (AD/4) (Eq. 20) is equal
to 1, thus:

dlq

if AD}? = St = 1; then: d? = d* [22]

t

Each irrigation event was planned to deliver water for the low-quarter depth (d#4) for
all irrigation events (t) that correspond to the growing season (te&S). Every farmer
took into account their DU to plan for their average depth (d#w) during every

irrigation event (t). Based on Eq. 14:

lq
A d
dt "= D;lq’ [23]

The DU value remained constant for the whole irrigation season (S) in every irrigation

event (£). This mean that for every irrigation event (¢t) the ratio d/1/dA is constant:

lq lq Iq lq
lg _ 4" _ 4y _ dy _ _ 9r _
DUg Aog = Avg = —Awg = 45 = Constant [24]
d dj d d

No irrigation water losses were considered. Infiltration losses and return flows were
not considered as losses due to water can be stored in aquifers or reused
downstream. Water losses due to evaporation during spray drift were neglected.

The Application Efficiency (AE) is the ratio of the average water depth applied (d#v)

and the depth of water required (dre4) during an irrigation event (¢t):

dAvg
AE, = Req x 100 [25]
Application Efficiency can be approximated using the Distribution Uniformity.

Considering equations 16, 22 and 25:

dAvg Avg

AE, = Req x 100 = PAE? =

x 100 [26]

t
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Given that (Eq. 19):

PAE!" ~ DU} x (100 — Losses,) [27]

And that no water losses have been considered, then:

AE, = PAE}" ~ DU/ [28]
thus:
AE, ~ DU [29]

4.2.3. DISCUSSION

The previous considerations make possible the use of Distribution Uniformity as an
approximation for Application Efficiency. It is very unlikely that all farmers know the DU for every
field; nevertheless, this assumption was made to extrapolate results of field DU to hydrologic
regions. Also, most of the farmers tend to optimize their water use, trying to use only the required
target depth on each irrigation event, thus the assumption of proper irrigation is very likely to be
reasonable; thereof the lower-quartile adequacy is 1 (AD¢/4=1). If these assumptions are reasonably
true, then, the Application Efficiency (AE) and Potential Application Efficiency (PAE) also tend to 1
(AE=PAE=1). Equation 19 (also shown below) explains the relationship between PAE and DU,

AE, = PAEY ~ DUX x (100 — Losses)

The surface water losses (Losses) is the term that induces uncertainty in the analysis provided
in this report. Examples of water losses are: water lost due to evaporation during spray drift,
evaporation in the canopy and not reused runoff. In general, the AE (and also PAE) tends to be equal
to DU if the surface water losses are negligible, such as low volume irrigation systems (Burt et al.
1997). AE tends to be slightly smaller than DU if the surface water losses are small, such as in
sprinkler irrigation systems. AE tends to be smaller than DU if the surface water losses are
significant, such as gravity irrigation systems (Burt et al. 1997). Thus, it is likely that some of the AE
values provided in this report may overestimate the actual AE in a particular hydrologic region. On
the contrary, in regions where underirrigation, also known as drought irrigation, is performed, the
AE values provided in this report may underestimate the actual AE. Rogers et al. (1997) provide
values for surface water Lossess for different irrigation systems.
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The authors fully acknowledge that some of these considerations cannot be valid for many
crops and hydrologic regions. However, the main purpose of this approach is to estimate a rough
approximation of application efficiencies for the state of California, for hydrologic regions water
plans, as well for planning models. Also, the intention is that this report starts the discussion about
application efficiency at the state level. The analysis and numbers provided in this report can be
refined and modified according to the characteristics of every hydrologic region and subregion,

when data becomes available.

4.3. GEODATABASE CONSTRUCTION

4.3.1. IRRIGATION SURVEYS: 2001 AND 2010

One of the main objectives of the project are to introduce the Irrigation Survey data from
2001 and 2010 (Figure 1), use the new Seasonal Application Efficiency program (Figure 4)
developed by DWR (explained in Section 4.4) to an irrigation information system (IIS) format and
perform a temporal and spatial analysis of application efficiency for each crop and irrigation
method. This will help to determine the variability and uncertainty of how efficiently water is been
used in agriculture, using application efficiency (AE) as performance criterion. Irrigation survey
data was collected by county for 20 crops, 4 irrigation types, and 16 irrigation methods. Composing
the data into an IIS format provides easier access, use, and visualization of irrigation trends for each

of the ten hydrologic regions in California.

This section explains the data management, considerations and framework used to create the
hydrologic regions database. A tutorial, located in Appendix A, shows the methods and procedures
to manipulate data in the geodatabase from selecting by location and feature attributes, exporting

selected data, construction of new feature classes, and construction of relationship classes.
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4.3.2. DATA

Figure 4: Seasonal Application Efficiency Program.
(Source: Department of Water Resources.)

FRAMEWORK

The data framework for the geodatabase follows the structure shown in Figure 5. Starting from ten

hydrologic regions it

is subdived into twenty crops. From twenty crops it is possible to find the

water source (ground, surface, both) or continue to four irrigation type. From irrigation type we

can then specify the irrigation method and lastly the water sources for each method present. Note

that the Figure 5 has the number of possible categories in parenthesis after the field name

description as well as the key fields that relates the tables with the geographic files (shapefiles).

This is to indicate that there are multiple values associated with each box in the schema. Table 6

lists the names for each subgroup in the geodatabase.
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Irrigation Irrigation Water

Types (4) Methods (16) Sources (3)

Feat_Crop_TypelD <€ Feat_Crop_TypelD
Feat_Crop_ID Feat_Crop_Type_MethodID €«—> Feat_Crop_Type_MethodID

Hydrologic

Regions (10) [ Crops (20)

FeaturelD <€—> FeatID
Feat Crop_ ID <€—

WaterSources

©)

Feat_Crop_ID

Figure 5: Data Framework of the Geodatabase.
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Table 6 -Listed names for each subgroup in the Geodatabase

Hydrologic Regions Crops

1 North Coast 1 Corn

2 San Francisco Bay 2 Cotton

3 San Joaquin River 3 DryBeans

4  Central Coast 4  Grains (wheat, oats, barley, etc.)

5 Tulare Lake 5 Safflower

6  South Coast 6 Sugarbeet

7 Sacramento River 7 Other Field Crops (sorghum, sunflower,
8 North Lahontan sudangrass, etc.)

9 South Lahontan 8 Alfalfa

10 Colorado River 9 Pasture

10 Cucurbit (melons, squash, cucumber, etc.)

Irrigation Types 11 Onions and Garlic

1 Gravity 12 Potato

2 Sprinkler 13 Tomato (Fresh)

3 Low Volume 14 Tomato (Process)

4 Other Other Truck Crops (carrots, celery, cauliflower,
broccoli strawberries, asparagus, etc.)

[EN
€3]

Irrigation Methods 16 Almond and Pistachio

1 Subsurface-Subsurface 17 Other Deciduous (apples, peaches, prunes,
2 Surface-Wildflood pears, etc.)

3  Surface-Border 18 Subtropical Trees (olives, avocado, citrus,
4  Surface-Basin dates, etc.)

5 Surface-Furrow 19 Turfgrass and Landscape

6  Surface-Sprinkler-SideRoll 20 Vineyard

7  Surface-Sprinkler-Handmove

8 Sprinkler-Permanent Water Source

9  Sprinkler-Handmove 1 Surface

10 Sprinkler-Linearmove 2 Groundwater

11 Sprinkler-SideRoll 3 Both

12 Sprinkler-MicroMini
13 Sprinkler-HosePull

14 Sprinkler-CenterPivot
15 Drip-AboveGround

16 Drip-Buried

4.3.3. DATA SOURCES

The data used to form the database was compiled from statewide irrigation surveys from
2001 (Orang et al 2008) and 2010 (Tindula et al. 2013). These data were compiled by county and
surveys were sent to 10,000 randomized farmers from various counties within the state. Regional
data was composed by the summation of county data within each region. Where regional and
county boundaries overlapped, a distribution of the crops was composed based off of data from the

DWR Land & Water Use Survey for various years. For these counties a percentage of crop values
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were added to each appropriate region. The limited sample size of returned surveys makes these

data a sample set prone to skewed or inaccurate representations of crop and irrigation methods.

Data from the Agriculture Commissioner report for 2010 was delineated by county and
distributed into regions similar as to that described above. This report covers a more
comprehensive population based value that will be compared to the Irrigation Survey data within

our analysis.

4.4, INTEGRATING APPLICATION EFFICIENCIES AND IRRIGATION SYSTEMS SURVEY

The irrigation survey contains acreage data (Acreage;;) for every crop (i) and irrigation
system (j from j=1 to j=15) for all hydrologic regions (HR from HR=1 to HR=10). The statistical
analysis was performed with three AE (k, from k=1 to k=3) performances (Table 5): low, mean and

high.

Application efficiencies (AE;x) were estimated for every crop (i) and performance (k) that
depends on the irrigation system (j) for each hydrologic region (Acreage;je HR) using a weighted
average shown in the following equation:

Z;iis[Acreagei,ijEj‘k]

= where Acreage; ; € HR [30]

T/Z1 Acreage;;

AE; ) =

For instance the mean AE of Corn (AEcornMean) in San Joaquin hydrologic region is:

j=16
Zj=1 [AcreageCorn,jXAEj,mean]

AECorn. mean —

“=Te where Acreagecorn j € San Joaquin [31]
ijl Acreagecorn,j

where Acreage and AE values will vary according to the 15 irrigation system (j) surveyed. Eq.
30 was used to estimate the IAE values representative of hydrologic regions, by substituting the
total acreage (Acreagerowalj) Where a particular irrigation system is used instead of just for an
individual crop (Acreage;;). This is possible because in this report is considered that the application

efficiency depends on the irrigation system and not in the type of crop.
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5. RESULTS

5.1. HyYDROLOGIC REGION

Figure 6 shows the AE for the 2010 survey for the 10 Hydrologic regions of State of California.

Aplication Efficiency: Hydrologic Region 2010

Table 1 - Application E ficiencies
for different Irrigation Systems

Application Efficiency [AE) is a performan-
ce oiterion that expresses how well an imiga-
tion system executes when i operated to de-
liver a s pecific amount of water. AE express-
es how well an irigation s ystem can potential
Iy distributes the water across the field. AEis
the ratic of average water depth applied and
target water depth during an irigation event
{Burt et al.1997). The lower guartile depth
was considered as the target water depth.

Applition Efidmdica (%]

Table 1 shows the AE values used for different
imigation systems {Canesss et al. 2011). Re-
gional AE estimates in Table 2 were esti-
mated using a weighted average of AEand
irrigation system's crop acreage for each
region (Tindula et al. 2013}. The main assu-
mptions is that every farmer provided the lo-

73.5
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Figure 6: Application Efficiency for Hydrologic Regions, Survey 2010.
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Figure 7 shows the AE for the 2001 survey for the 10 Hydrologic regions of State of California.

Aplication Efficiency: Hydrologic Region 2001

Table 1 - Application E ficiencies
for different Irfgation Systems

ion Efficiency [AE} is a performan-

"::‘-)?_-'i"'-“m e oriterion that expresses how well an iriga-
o =2 fion system executes when is operated to de-
Wik Flamd = £ E liver 8 s pecific amount of water. AE express-
:"f"’ i ;-; 2 & how well an irigation system can potentiak
=l & = = Iy distributes the water across the fisld. AE s
Susface - Sgrimde o Rell @ = 7= the ratic of average water depth applied and
Sradfuce - Sr L = = target water depth during an irrigation event
sl - = s (Burtetal1987). The lower quartile depth
HamdMers & To B was considered as the target water depth.
LimcarMave k3 &2 -
izl £ % Table1shows the AEvaluss used for different
Hesepea = w7 imigation systems (Canessa et al. 2011). Re-
Comor—Five: ) & w0 gional AE estimates in Table 2 were esti-
o . _ .. .  matedusing aweighted average of AEand
Eumimdam 7 ™ o irrigation system's crop acreage for each

region (Tindula et al. 2013). The main assu-
mptions is that every farmer provided the lo-
wer guartile depth during each imigation event

Table 2 - Application E fiiciency Estimates
=ton Ehoency 1]
Hgn

iode  HydroiogicHEgion  Low  Mean
T Womn (om e TIE o1 o meet crop water requirements.
2 San Fancisco Bay 867 43 023
i Cms ﬁl cm ggg ﬁ g; A correction for water losses may applied
5 Sacrament FBiwer 622 718 ans for irrigation systems of Sprinkler and sur-
6 San boaquin River 65 743 a4 rigati
. e s e face irrigation (Rugt_als et al. 1997).
8 WNosth Lohotas w3 g 13 Read Sandoval Sclis et al. {2013) for a
3 South Lanontan 663 a3 .9 thercugh description of the ass umption
10 ColoradoRiver 63 723 222 gngwvalues provided in this map.
8] Tz R

eSSl Uk i WIE N N K d U0 The AE provided in this map are intended
to be used for water planning and ma-
nagement estimates at medium to large
scale regions. Local and field AEvalues
may vary from those displayed here due
to individual irrigation practices

PRt Avatem anagementucdavis edy

Developed as a cooperative project between

University of C alifornia, Davis '\\.\
United States Geological Survey hS
and

California Department ofWater Resources

Map prepared by P.1.: Samuel Sandoval Solis, Ph.D.® 2013, e = =t T

Figure 7: Application Efficiency for Hydrologic Regions, Survey 2001.
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5.2. ForCRropr

5.2.1. CORN

Aplication Efficiency: Corn 2001

Table 1 - Application E ficiencies
for different Irigation Systems

Application Efficiency (AE} iz a performan-

N ":‘:“:"""m e xiterion that expresses how well an imigs-
o —— B2 ion system executes when i operated to de-
Wik Fleed = = E liver a s pecific amount of water. AE express-
:"f"’ % ;-; :: & how well an irrigation system can potentiak
=l & = i lydistributes the water across the field. AEis
Sresface — S grisider Sde Rell @ £ = the ratio of average water depth applied and

e = 2 L £ = target water depth during an irrigation event
il - = . (Burtetal1387). The lower quartile depth
HamdMers @ k] B was considered as the target water depth.
Lizaar Meve kS a2 w0
i 2 I % Table1shows the AEvaluss used for different
HewPodl = 7w imigation systems (Canessa et al. 2011). Re-
LomeroBors: = ] 2 gional AE estimates in Table 2 were esti-
e . .  matedusing aweighted average of AEand

| Emeddn ™ Q; irrigation system's crop acreage for each

region (Tindula et al. 2013). The main assu-
mptions is that every farmer provided the lo-
Code H scResion  Low Mean 'q}-i wer quartile depth during each imigation event
to meet crop water requirements.

Table 2 - Application E ficiency Estimates

2 727
3 ‘f,'j Acorrection for water losses may applied
5 24 for irigation systems of Sprinkler and sur-
f %g face imigation (Rogers et al. 1997).
S = Resd SandovalSclis et al. (2013) for &

| o 72 thorcugh description of the ass umption

i o %g and values provided in this map.

N Cle. <5k 5 WIEA NN R d a1V e The AE provided in this map are intended

o to be used for water planning and ma-

nagement estimates at medium to large
scale regions. Local and field AEvalues
may vary from those displayed here due
to individual irrigation practices

ke fov 2 chargivg werk! L b
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University of California, Davis \\.\
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and
California Department ofWater Resources

Map prepared by P.1.: Samuel Sandoval Selis, Ph.D. @ 2013.

Figure 8: Application Efficiency for Corn, Survey 2001.
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Aplication Efficiency: Corn 2010

Table 1 - Application E ficiencies
for different Irfgation Systems

Application Efficiency [AE} is a performan-

‘Agplication Effic ancica (8] e L
e - i o= oriterion that expresses h.cm' well an iriga-
s = ticn system executes when i operated to de-
Wik Flamd = £ E liver 8 s pecific amount of water. AE express-
:"_“’ i ;-; 2 & how well an irrigation s ystem can potentiak
= = b P Iy districutes the water across the field. AEis
Susface - Sgrimde o Rell @ = 7= the ratic of average water depth applied and
i = L £ Bl target water depth during an irrigation event
sl = s = (Burtetsl1897). The lower quartile depth
HamdMers & To B was considered as the target water depth.
LimcarMave k3 &2 -
Rl @ T £ .
. = i s Table 1 shows the AEvalues used for different
HewsFll = 3 7z irigation systems (Canesss et al. 2011). Re-
Cemor-Firee ) & w0 gional AE estimates in Table 2 were esti-
- e . !nif.ted_uslng aweighted average of AEand
Berieddrip = ™ ™ irrigation system's crop acreage for each
B . N - i Tindula et al. 2013). Th i -
| Table 2 - Application E ficiency Estim ates 'Eg'.ont.'" aet s t e
—————— ot mptions is that every farmer provided the lo-
1 e e s Mean M‘;.i? wer quartile depth during each irigation event
:&‘% Er) = o meet crop water requirements.

=7 =22 A correction for water losses may applied
27 BA4 for irrigation systems of Sprinkler and sur-
23 E57  face irigation {Rogers et al. 1997).

& 55 Resd SandovabSolis etal (2012)for &
4 851 thercugh description of the ass umption
7.7 247 and values provided in this map.
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Figure 9: Application Efficiency for Corn, Survey 2010.
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5.2.2. COTTON

Aplication Efficiency: Cotton 2001

Table 1 - Application E ficiencies

for different Irrgation Systems
i i Application Efficiency (AE} is a performan-

1 N "::“:"""m o= oriterion that express es how well an imiga-
| o —— B2 ion system executes when i operated to de-
Wik Fleed = = E liver a s pecific amount of water. AE express-
| el = i b & how well an irrigation system can potentiak
el o 3 @ ydistributes the water acrcss the fisld. AEis
| Sresface — S grisider Sde Rell @ £ = the ratio of average water depth applied and
e = 2 L £ = target water depth during an irrigation event
[ il - = . (Burtetal1387). The lower quartile depth
. HaiMere @ 0 = was considered as the target water depth.
| Limear e kS a1 w0
SeEdel & 7o S ,
- e = s = Tl'a_ble.1 shows the AEvalues used for different
g N H R 08 ]:_g g HexsPudl £ T 7= irigation systems (Ganessa et al. 2011). Re-
t—\-\ | Cese—Foree o ] ] gienal AEestimates in Table 2 were esti-
N . - = . mated using a weighted average of AEand

| Buicddip — ™ o irrigation system's crop acreage for each
region (Tindula et al. 2013). The main assu-
mptions is that every farmer provided the lo-

Table 2 - Application E ficiency Estim ates
ication ey

) Code T Low H=an Hi, wer guartile depth during each imigation event
b t E B to meet crop water requirements.
5 2 SanFrancses Bay -3 k] Bl
i 3 CanalComs -3 -3 =) . .
|‘ 4 Southlomst -3 -3 - A correction for water losses may applied
H 2 ;U'J-mm EW g %5; ;fz for irigation systems of Sprinkler and sur-
Y 7 Tuh:“.:‘: = ey e 5:  fEce irigation (Rogers etal. 1997).
] 8  NarthLahontan 23 == -3 Read SandovalSclis et al. {2013) for a
[ | 3 Southlahontan = 7.a a3 thorough description of the ass umption
\.,'\_' ]\ 0 %ﬁ“' %‘g %é E_ and values provided in this map.
S 2 iy dMNies S TRMES AN Nl A I The AE provided in this map are intended
- 7 o to be used for water planning and ma-
L_,,\ g " nagement estimates at medium to large
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LY ’ : ¥ ] te individual irrigation practices

PRt Avatem anagementucdavis edy Lo

Developed as a cooperative project between
University of C alifornia, Davis
United States Geological Survey
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Map prepared by P.1.: Samuel Sandoval Selis, Ph.D.® 2013.

Figure 10: Application Efficiency for Cotton, Survey 2001.
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Aplication Efficiency: Cotton 2010

Table 1 - Application E ficiencies

for different Irfgation Systems Application Efficiency () is a performan-

1 ) domfiaden Mimen Ml o= oriterion that expresses how wellan iriga-
| s = ticn system executes when i operated to de-
Wik Flamd = £ E liver 8 s pecific amount of water. AE express-
| :"_“’ i ;-; 2 & how well an irrigation s ystem can potentiak
=l & = i lydistributes the water across the field. AEis
| Susface - Sgrimde o Rell @ = 7= the ratic of average water depth applied and
= = L £ Bl target water depth during an irrigation event
i sl = s = (Burtetsl1897). The lower quartile depth
. HamdMers & To B was considered as the target water depth.
| 1.:—:ru-n= k3 &2 -
r ! gl £ I % Tebletshows the AEvalues used for differsnt
HR 08 !:-g 9 HeacPel = w7 imigation systems (Canessa et al. 2011). Re-
| C;:n-)i-nt k] &0 w gicnal AE estimates in Table 2 were esti-
" el - - . mated using a weighted average of AEand

| Berieddrip = ™ ™ irrigation system's crop acreage for each
region (Tindula et al. 2013). The main assu-
mptions is that every farmer provided the lo-

Table 2 - Application E ficiency Estimates

s B s *_""-""q,; wer quartile depth during each imigation event

T Wortn Lot = EE] = o meet crop water requirements.
2 San Francso Bay -2 -3 -2
i ;ch:‘ 2 -%g '3;-3 A correction for water losses may applied
3 Sacams=nto River i) 3 2 for irrigation systems of Sprinkler and sur-
g #Jﬂl:l: Rivar :;3 %i a;g face irrigation {Rogers et al. 1997).
PR ‘T e @ ) = Read Sandoval Sclis et al. {2013) for a
9 Southlahomtan 613 743 53 thorough description of the ass umption

I b} mﬁ*a 525‘_32 ]13‘ a5 and values provided in this map.
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2 s Hofe. -55 values mean not data avaliable The AE provided in this map are intended
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. to individual irrigation practices
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Figure 11: Application Efficiency for Cotton, Survey 2010.
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5.2.3. DRY BEANS

Aplication Efficiency: Dry Beans 2001

Table 1 - Application E ficiencies
for different Irigation Systems

Application Efficiency (AE} is a performan-

. ":‘:“:"""m o= oriterion that express es how well an imiga-
g —— Hh tizn system executes when i operated to de-
Wik Fleed = = E liver a s pecific amount of water. AE express-
8 exeles; o = == e how well an irrigation s ystem can potentiak
il 5 3% I Wdistributes the wster acrss the field. AEis
Sresface — S grisider Sde Rell @ £ = the ratio of average water depth applied and

e = 3 L £ Bl target water depth during an irrigation event
il = s = (Burtetsl1897). The lower quartile depth
Hmddars @ 0 = was considered as the target water depth.
Limear e kS a1 w0
i £ I I Tableishows the AEvalues used for differant
HewPodl = 7w imigation systems (Canessa et al. 2011). Re-
Lomer-Firee k] ] L] gional AEestimates in Table 2 were esti-

N - - . mated using a weighted average of AEand

Buicddip — ™ o irrigation system's crop acreage for each
region (Tindula et al. 2013). The main assu-
mptions is that every farmer provided the lo-
wer guartile depth during each imigation event
to meet crop water requirements.

A correction for water losses may applied
for irrigaticn systems of Sprinkler and sur-
face irrigation {Rogers et al. 1997).

Read SandovalSclis et al. {2013) for a
thorough description of the ass umption
and values provided in this map.

The AE provided in this map are intended
to be used for water planning and ma-
nagement estimates at medium to large
scale regions. Local and field AEvalues
may vary from those displayed here due
te individual irrigation practices

UC Davis Water Manageent Réséarch Group ’

PRt Avatem anagementucdavis edy

Developed as a cooperative project between
University of C alifornia, Davis
United States Geological Survey
and
California Department ofWater Resources

Map prepared by P.1.: Samuel Sandoval Selis, Ph.D.® 2013.

Figure 12: Application Efficiency for Dry Beans, Survey 2001.
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Aplication Efficiency: Dry Beans 2010

Table 1 - Application E ficiencies
for different Irfgation Systems S i X
— — Application Efficiency [AE} is a performan-
- M““;f":* ce oriterion that express es how well an imiga-
s ticn system executes when i operated to de-

a

Wik Flamd = £ E liver 8 s pecific amount of water. AE express-
:: g ;j :; & how well an irrigation s ystem can potentiak
f— @ P = ly distributes the water across the field. AEis
Susface - Sgrimde o Rell @ = the ratic of average water depth applied and

= L £ target water depth during an irrigation event

il . (Burt et 1.1997). The lowsr quartile depth
HamiMere @ was considered as the target water depth.
LimcarMave ]
e = Table 1shows the AEval ed for different
oo Mims = 8 5 hows e values us for dirreren
HewsFll = 72 irigation systems (Canesss et al. 2011). Re-
Comor—Five: ) & w0 gional AE estimates in Table 2 were esti-
:_':;‘ - — - - mated using a weighted average of AEand
g.,*g-f.; = 5 I irrigation system's crop acreage for each

region (Tindula et al. 2012). The main assu-

Table 2 - Application E fiiciency Estimates mptins is that every farmer provided the lo-

Code drolosicRemion  low wer quartile depth during each irigation event
T = Lo o meet crop water requirements.
2 San Frandsm By EL2
i gﬁcl 5?55 A correction for water losses may applied
5  Sacramerto Mver  ELE for irrigation systems of Sprinkler and sur-
& Sanloquin Rver 523 face irigation {Rogers et al. 1997).
A el = Read SandovakSclis et al. (2013) for a
B North L hondan &0 85 ¥
8  Southlahontan 8B4 B7.; thercugh description of the ass umption
10 Colomdo Mver 78 E7. and values provided in this map.
L de [k T B4

Note. -39 values mean not dafa avaliable The AE provided in this map are intended

to be used for water planning and ma-
nagement estimates at medium to large
scale regions. Local and field AEvalues
may vary from those displayed here due
to individual irrigation practices

100 Miles
TR R T BT |

LN e e |
B0 E0 100 120 140 180 Wiomasers

) BUSGS

UC Davis Water Management Research Group

PRt Avatem anagementucdavis edy

Developed as a cooperative project between
University of C alifornia, Davis
United States Geological Survey
and
Califernia Department of Water Resources

Map prepared by P.1.: Samuel Sandoval Selis, Ph.D.® 2013.

Figure 13: Application Efficiency for Dry Beans, Survey 2010.
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Topic: Crop Water Use Spatial Analysis of Application Efficiencies in Irrigation for the State of California

5.2.4. GRAINS

Aplication Efficiency: Grains 2001

Grans ncude w heat, oats, barky, ete.

Table 1 - Application E ficiencies
for different Irigation Systems

Application Efficiency (AE} is a performan-

":‘:“:"""m o= oriterion that express es how well an imiga-

g —— Hh tizn system executes when i operated to de-
Wik Fleed = = E liver a s pecific amount of water. AE express-
8 exeles; o = == e how well an irrigation s ystem can potentiak
e o 3 @ ydistributes the water acrcss the fisld. AEis
Sresface — S grisider Sde Rell @ £ = the ratio of average water depth applied and

e = L £ Bl target water depth during an irrigation event
il = s = (Burtetsl1897). The lower quartile depth
Hmddars @ 0 = was considered as the target water depth.
Limear e kS a1 w0
i £ I I Tableishows the AEvalues used for differant
HescPel = 7 7= imigation systems (Canessa et al. 2011). Re-
e k] ] L] gional AEestimates in Table 2 were esti-
i I 2 mated using a weighted average of AEand
Buicddip ™ QZ irrigation system's crop acreage for each

. N . region (Tindula et al. 2013). The main assu-
Table 2 - Application E ficiency Estimates mptions is that y farmer provided the lo-
=tion =

Lode  HydrologecHagion Wm “:_‘ﬁ mlg wer guartile depth during each imigation event

T T =T - {0 meet crop water requirements.
2 San Franciso Bay 553 7 B34
3 Central Comst a1 61 701 i - "
2 SouthComst e o ey .ﬁu.:ll.ectrnn for water Iuss may applied
5 Sacamentsfiver  S27 24 @32 for irigation systems of Sprinkler and sur-
g TS‘LJ:'W;: River g; ;lﬁ 8331 face irigation {Rogers et al. 1997).
ul E I X -
1 Narthlsh 1 s . Read SEndova.I—S.olls etal. {2013)an
9 Southlshontan 612 12 a1l thorcugh description of the ass umption
W0 ColomdoRiver 621 724 223 andvalues ided in this map.
ST it P

0D, <SSk ) WIE W N R 8821V e The AE provided in this map are intended
to be used for water planning and ma-
nagement estimates at medium to large
scale regions. Local and field AEvalues
may vary from those displayed here due
te individual irrigation practices

PRt Avatem anagementucdavis edy

Developed as a cooperative project between

University of C alifornia, Davis '\\.\
United States Geological Survey hSN
and

California Department ofWater Resources

Map prepared by P.1.: Samuel Sandoval Selis, Ph.D.® 2013.

Figure 14: Application Efficiency for Grains, Survey 2001.
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Topic: Crop Water Use Spatial Analysis of Application Efficiencies in Irrigation for the State of California

Aplication Efficiency: Grains 2010

Grains include wheat, oats, bariey. etc. Table 1 - Application E ficiencies

for different Irrigation Systems

Application Efficiency [AE} is a performan-

‘Agpliction Effic ancica (%) P s
T - i i?eumernnthatexplﬁsa Mwellan iriga-
s = tion system executes when i operated to de-
Wik Flamd = £ E liver & s pecific amount of water. AE expres s-
:"_" g ;-; 2 & how well an irrigation s ystem can potentiak
e o b P Iy distributes the water across the field. AEis
Susface - Sgrimkder Sde Rell @ = 7= the ratic of average water depth applied and
SS::E.— = Mere L £ Bl target water depth during an irrigation event
k. = = s (Burtetal1997). The lower quartile depth
Hemddare @ To B was considered as the target water depth.
LimearMave - &2 -
SidRell @ T £ .
. by i s Table 1 shows the AEvelues used for different
71.8 = = = imigation systems (Canesss et sl 2011). Re-
" fomo-Fre: o 2 w0 gional AE estimates in Table 2 were esti-
Drip . =
- e . l_na_lzed_usng aweighted average of AEand
Burieddrip b ™ ™ irrigation system's crop acreage for each

. . - region [Tindula et al. 2013}. The main assu-
Table 2 - Application E ficiency Estimates mptions is that every farmer provided the lo-

i Kt i o~ W “"“J—;ﬂ wer quartile depth during each irigation event

T WMot (ot LEES pLra =T to meet crop water requirements.
2 San Fancocolay 603 23 a5
i c"'s ﬁl Gc“‘ ggg g 231 A correction for water losses may applied
5 SacramentoRiver 326 i1 53  for irrigation s ystems of Sprinkler and sur-
R s 254 face irigation {Rogers et al. 1997).
7 Tularslake 523 23 a6 N
8§ North kahonton 502 713 o3 Read Sandoval Sclis et al. {2013) for a
9 South lahontan 603 728 @1 thorough description of the ass umption
10 ColorsdoRiver 508 74 255 and values provided in this map.
[{i5Y gL B3
e The AE provided in this map are intended

to be used for water planning and ma-

nagement estimates at medium to large
scale regions. Local and field AEvalues
may vary from those displayed here due
to individual irrigation practices

. w
UC Davis Water Management Research Group ‘

it watemanagementucdavisedu oy

D loped as a cooperative project bet
Universgity o fC alifornia, Davig
United States Geological Survey
and

California Department o fWater Resources

Map prepared by P.1.: Samuel Sandoval Solis, Ph.D. & 2013.

Figure 15: Application Efficiency for Grains, Survey 2010.
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Topic: Crop Water Use Spatial Analysis of Application Efficiencies in Irrigation for the State of California

5.2.5. SAFFLOWER

Aplication Efficiency: Safflower 2001

Table 1 - Application E ficiencies
for different Irrigation Systems

Application Efficiency [AE} is a performan-
ce o iterion that expresses how well an iriga-
tion system executes when & operated to de-
liver & s pecific amount of water. AE express-
e how well an irrigation s ystem can potential
Iy distributes the water across the field. AEis
the ratio of average water depth applied and
target water depth during an irrigation event
{Burt et al. 1887). The lower quartile depth

was considered as the target water depth.

Table 1 shows the AE values used for different
irigation systems {Canessa et al. 2011). Re-
gienal AE estimates in Talrle 2 were esti-
mated using a weighted average of AEand
Buricddip — ™ z irrigation system's crop acreage for each

'| Table 2 - Application E ficiency Estimates ﬁ'i‘;:s‘iz' r:::t'if;:'f'ﬂi’ ;‘j iy

Alg:uatbn El‘ﬂclﬂncvmﬁ wer guartile depth during each imigation event

Al ot 7 S

= % il — M;" — to meet crop water requirements.
2 SanFrancicoBay 527 723 =7
3 : -ConlelCont = = “% A correction for water losses may applied
4 SoutnCoast 35 -55 -3 O =
5 Zamramants Rivar & mE mz for irrigaticn s ystems of Sprinkler and s -
& SanjosquinRwer 552 1 51 face irigation {Rogers et al. 1997).
7 Twaralska 55 55 35 i
M e i e i Read Sandoval Sclis et al. {2013) for a
S  Southlahontan -5 -35 -5 thorough description of the ass umption
]\ 10 ColoradoAnar el -55 -5 and values provided in this map.
i Statewioe =i ] ]

Note. -99 vales mean not 43 avaliable The AE provided in this map are intended

to be used for water planning and ma-
nagement estimates at medium to large
seale regions. Local and field AEvalues
may vary from those displayed here due
to individual irrigation practices

N ) N
"\ e - \ \'\
wee High 190 '%’U HFE?",QQ 1 =

——d ey
- I .
e ; .,
- 1 <
- Low : 50 “ 1 -
|1“‘1 JR— _,_____,__‘{
Ed 4o L] =0 100 Mies: . e ) \
P R N .
TE e e a0 I 1o 18w Y /_} /S';P j} [ — —
= o N - ~ o 1
2 \ a 3 :.)'C‘%(\ HR 10=-99
ke ] | (M ﬁgg
NEER Y e s changlg wrk! - ¥ 4 ;
- . I
UC Davis Water Management Research Group ‘ S5 ‘-{fL’“ ]
nitp:watem anagement ucdavisedu = . 1
Developed as a cooperative project between 1
University o fC alifornia, Davis J
United States Geological Survey e

and
California Department o fWater Resources

Map prepared by P.1.: Samuel Sandoval Solis, Ph.D. & 2013.

Figure 16: Application Efficiency for Safflower, Survey 2001.
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Topic: Crop Water Use Spatial Analysis of Application Efficiencies in Irrigation for the State of California

Aplication Efficiency: Safflower 2010

Table 1 - Application E ficiencies
for different Irrigation Systems

Application Efficiency [AE} is a performan-

lw::i-)?_‘———:m e oriterion that express es how well an iriga-
o —— = tion system executes when i operated to de-
Wik Flamd = £ E liver & s pecific amount of water. AE expres s-
:;‘"’ g ;-; 2 & how well an irrigation system can potentiak
. o b a2 ly distributes the water aoross the field. AEis
Susface - Sgrimkder Sde Rell @ = 7= the ratic of average water depth applied and
Sructuce - Sgr Hers L = = target water depth during an irrigation event
e = = s (Burtetal1987). The lower quartile depth
Hemddare @ To B was considered as the target water depth.
LimearMave - &2 -
e £ I E Tabletshows the AEvalues used for different
Heaepe = 7w = imigation systems (Canessa et al. 2011). Re-
emerFore: k] =) %0 gicnal AE estimates in Table 2 were esti-
f_:_:m__ - - . mated using a weighted average of AEand
Erriederip T ™ o irrigation system's crop acreage for each

region [Tindula et al. 2013}. The main assu-
mptions is that every farmer provided the lo-

| Table 2 - Application E ficiency Estim ates

Application Effidency [%] " N e
\‘-\ Code M ;i ¢ R Lowe Mexn Hi wer quartile depth during each imigation event
: B - o meet crop water requirements.
13 2 SanFrandisco By &0 711 a3
|lE : ;:‘:‘ic:‘ ?;g _g : A correction for water losses may applied
H 5 Sacamsntofiver 60 713 233 for irrigation s ystems of Sprinkler and sur-
by & Sanlzaguinfiver  S5E 4 253 face irigation {Rogers et al. 1997).
- T Tulare lake 60 721 85 N
] 3 Marth Lahontan e 8 a8 ReadSandova.l—Splls etal {2013)@(5
+ 3 E South Lahontan 60 0 a0 thorough description of the ass umption
~ I, 1 ColmdoRwer 23 -8 3 andvalues provided in this map.
"\‘ “ i FEE] FAE] ]
k '\\ Nofie. -9% values mean not data avallable The AE provided in this are intended
7 ., to be used for water planning and ma-

nagement estimates at medium to large
scale regions. Local and field AEvalues
may vary from those displayed here due
to individual irrigation practices

R

.
~
e e e e
HR 10=-889
UC Davis Water Management Research Group ‘ 3
nitp:watem anagement ucdavisedu L
Developed as a cooperative project between .
Universgity o fC alifornia, Davig \\.\
United States Geological Survey w e

and
California Department o fWater Resources

Map prepared by P.1.: Samuel Sandoval Solis, Ph.D. & 2013.

Figure 17: Application Efficiency for Safflower, Survey 2010.
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Topic: Crop Water Use Spatial Analysis of Application Efficiencies in Irrigation for the State of California

5.2.6. SUGARBEET

Aplication Efficiency: Sugar Beets 2001

Table 1 - Application E ficiencies
for different Irrigation Systems

= - Application Efficiency [AE} is a performan-
I - "'"“"“::’“:*m ce oriterion that express es how well an irigs-
‘ ) g ——— tion system executes when & operated to de-

e

]

Wik Fleed = = E liver & s pecific amount of water. AE express-
et = b L e how well an irrigation s ystem can potentiak
= 5 3% L b distributes the water across the field. AE s
Suxface ~ S grinider Sk Rell 4 £ = the ratio of average water depth applied and
Fadfem g EMere L £ = target water depth during an irrigation event
— = s =  (Burtetsl1897). The lower qusrtile depth
Hemdars @ ] = was considered as the target water depth.
Limearlave = w0

Sl - S ;
i = i .Ta.ble.1 shows the AE values used for different
Heazodl k] 7z imigation systems {Canessa et al. 2011). Re-
Lester=Firet k] L) gienal AE estimates in Talrle 2 were esti-
Driz

a . - - mated using a weighted average of AEand
x:::::,z = ™ = irrigation system's crop acreage for each
region {Tindula et al. 20M3}. The main assu-
Table 2 - Application E ficiency Estimates mptions is that y farmer provided the lo-

lﬂm'o" m“'u oy 15 wer quartile depth during each imigation event

1
o

Lnde ol He, Mea
- E,mz‘; i — - H,f: o meet crop water requirements.
2 San Fancisco Bay %7 58 x5
3 Centeal Coam - -3 -3 i i
2 Sowhe ; = ‘; A I'JIXIIEL'.(.DI'I for water Im5§ may applied
5 Sacramenio Fiver .33 -3 -3 for irrigaticn s ystems of Sprinkler and s -
g ?_-Lhn&l;: Fiver g % 35 face irigation {Rogers et al. 1997).
ulare 5 -
3 Natth Lshantsn e 3 @ Read Sandoval Sclis et al. {2013) for a
39 South Lahontan -33 -3 -39 thorough description of the ass umption
10 Colorsdofiver = 725 ] and values provided in this map.
Ttate vade ] T IO R i
5§ Note. -99 vales mean not 433 avalable The AE provided in this map are intended
5 £ to be used for water planning and ma-
" nagement estimates at medium to large
. seale regions. Local and field AEvalues

may vary from those displayed here due
to individual irrigation practices

uc Daws Water Management Research Group

it watemanagementucdavisedu

Developed as a cooperative project between
University o fC alifornia, Davis
United States Geological Survey
and
California Department o fWater Resources

Map prepared by P.1.: Samuel Sandoval Solis, Ph.D. & 2013.

Figure 18: Application Efficiency for Sugarbeet, Survey 2001.
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Topic: Crop Water Use Spatial Analysis of Application Efficiencies in Irrigation for the State of California

Aplication Efficiency: Sugar Beets 2010

Table 1 - Application E ficiencies
for different Irrigation Systems

Application Efficiency [AE} is a performan-

v ‘Agpliction Effic ancica (%) P s
1 . T - i o= oriterion that expresses h.cm well an iriga-
| -z = h_on system_e:oecuts when i operated to de-
Wik Flamd = £ E liver & s pecific amount of water. AE expres s-
| :"f"’ g ;-; 2 & how well an irrigation system can potentiak
=l & == Iy distributes the water across the fisld. AEis
| Susface - Sgrimkder Sde Rell @ = 7= the ratic of average water depth applied and
— Sructuce - Sgr Mere L £ Bl target water depth during an irrigation event
i e = = s (Burtetal1987). The lower quartile depth
Hemddare @ To B was considered as the target water depth.
| LimearMave - &2 -
SidRell @ T £ .
- — = i - Tl'a.ble.‘l shows the AEvslues used for different
H R 08!:-99 HezcPodl = 3 7z irigation systems [Canesss et al. 2011). Re-
| Comor—TFirer k) & w0 gional AE estimates in Table 2 were esti-
. . . - - . !mf.ted_uslng a weighted average of AEand
g | Bumiederip T ™ o irrigation system's crop acreage for each
. . . - region [Tindula et al. 2013}. The main assu-
L | Table 2 - Application E ficiency Estimates mptions is that every farmer provided the lo-
1, 1 Appiantan EMcency (%] wer quartile depth during each imigation event
J— L.J fodz Hydralagicfegon  bow  Maan  HIGh | o meet crop water requirements.
T HarnCaas = =
z San Francisco Bay B8 a5
3 Centml Cosst =2 -39 = A correction for water losses may applied
4 somnCoast 29 - = Frinati i
5 SammonbcHier = = s for n_tg_ahnp systems of Sprinkler and s -
5 ZanlosquinBher = i = face irrigation {Rogers et al. 1997).
T Tulne e = TIE == Read Sandoval Sclis et al. {2013) for a
L Bt - = 2 thercugh description of the ass umption
!\ ¥ Calarada River 50 TS =5 and values provided in this map.
. Statewd de 50.0 725 50
2'\ S St i W MK U The AE provided in this map are intended
7 ~ to be used for water planning and ma-

nagement estimates at medium to large
scale regions. Local and field AEvalues
may vary from those displayed here due
to individual irrigation practices

3 e forn chegleg workd (| |
UC Davis Water Management Research Group

it watemanagementucdavisedu

Developed as a cooperative project between .
Universgity o fC alifornia, Davig W
United States Geological Survey

d

an
California Department o fWater Resources

Map prepared by P.1.: Samuel Sandoval Solis, Ph.D. & 2013.

Figure 19: Application Efficiency for Sugarbeet, Survey 2010.
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Topic: Crop Water Use

5.2.7. OTHER FIELD CROPS

Spatial Analysis of Application Efficiencies in Irrigation for the State of California

¥
UC Davis Water Management Research Group
nitp:watem anagement ucdavisedu
Developed as a cooperative project between
University o fC alifornia, Davis
United States Geological Survey
and
California Department o fWater Resources

Map prepared by P.1.: Samuel Sandoval Solis, Ph.D. & 2013.

Aplication Efficiency: Other Field Crops 2001

Caner fiekd crops helude sorghum, sunflower, sudangrass, etc.

Table 1 - Application E ficiencies
for different Irrigation Systems
Appkication Effic enciea (3]
Mem b

wammne

BarIBId (BRABAD

SamEsnn

S
%

L
o

BRI L 5

Table 2 - Application E ficiency Estimates

Eppiicstian Efaency (6]
Code  wydrakagicRagen  low Maan __ Hgh

2 SanFrandsa By D5 721 =5
3 Central Coast ®.2 722 =z
4  SouthCoast Y Tz S
5 Sacamano Aver el TL5 3
5§  Sanloaquin Rwer G 723 =4
7 Tulsre Lk o3 727 B
Z  Marthlzhansn s T =43
9 Soutnilzhonmn o1 oz =0z
n 2 LT =1z

Stdewide ] 21 =0

Mote. -9 yalies mean notdata avalizok

.

LN

Application Efficiency [AE} is a performan-
ce oriterion that expresses how well an irigs-
tion system executes when & operated to de-
liver & s pecific amount of water. AE express-
e how well an irrigation s ystem can potential
Iy distributes the water across the field. AEis
the ratio of average water depth applied and
target water depth during an irrigation event
{Burt et al. 1887). The lower quartile depth

was considered as the target water depth.

Table 1 shows the AE values used for different
irigation systems {Canessa et al. 2011). Re-
gienal AE estimates in Talrle 2 were esti-
mated using a weighted average of AEand
irrigation system's crop acreage for each
region {Tindula et al. 20M3}. The main assu-
mptions is that every farmer provided the lo-
wer quartile depth during each imigation event
to meet crop water requirements.

A correction for water losses may applied
for irrigaticn s ystems of Sprinkler and s -
face irigation {Rogers et al. 1997).

Read Sandoval Sclis et al. {2013) for a
thorough description of the ass umption
and values provided in this map.

The AE provided in this map are intended
to be used for water planning and ma-
nagement estimates at medium to large
seale regions. Local and field AEvalues
may vary from those displayed here due
to individual irrigation practices

Figure 20: Application Efficiency for Other Field Crops, Survey 2001.
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Topic: Crop Water Use Spatial Analysis of Application Efficiencies in Irrigation for the State of California

Aplication Efficiency: Other Field Crops 2010

Cner fiekd Grops Nglude SOTIUM, SURfower, sudangrass, ek

Table 1 - Application E ficiencies
for different Irrigation Systems

Application Effid sdca (#%]

Application Efficiency [AE} is a performan-
ce oriterion that expresses how well an iriga-

s A the= tion system executes when i operated to de-
Wik Flamd = £ E liver & s pecific amount of water. AE expres s-
:"_" g ;-; 2 & how well an irrigation s ystem can potentiak
e o b P Iy distributes the water across the field. AEis
Susface - Sgrimkder Sde Rell @ = 7= the ratic of average water depth applied and
SS::E.— = Mere L £ Bl target water depth during an irrigation event
, = s (Burtetsl1897). The lower qusrile depth
Hemddare @ To B was considered as the target water depth.
LimearMave - &2 -
SidRell @ T £ .
. by i s Table 1 shows the AEvelues used for different
7 1 9 HeacPedl = 73 7= irigation systems (Canessa et al. 2011). Re-
" fomo-Fre: o 2 w0 gional AE estimates in Table 2 were esti-
Drip . =
- mated using a weighted average of AEand

Burieddrip 3 Si irrigation system's crop acreage for each
. . - region [Tindula et al. 2013}. The main assu-

Table 2 - Application EﬁctencyE;:stlmates mptions is that y tarmer provided the lo-

s "“"g wer quartile depth during each inigation event

lode  Hydrologc He, Low an
T a3 = = T = to meet crop water requirements.
3an Frandsoo By SED 722 Bz
3 g"::m %3 g% gg A correction for water losses may applied
5  SacamentoRiwer 504 Bl #1  for irrigation s ystems of Sprinkler and sur-
6  Sanmquinfiver 321 722 BT irrigati
N m-;:. e =y el ianemgatnn(mug:usetal. 19497).
£ Northlzhorian SR 3 no sl Read Sandoval Sclis et al. {2013) for a
8 Southlahontan BL4 4 #E=z2  thorough description of the ass umption
0

‘Coloredo Rver 825 742 57 and values provided in this map.

g
i

. -8 values mean nof dala avallable The AE provided in this map are intended
to be used for water planning and ma-
nagement estimates at medium to large
scale regions. Local and field AEvalues
may vary from those displayed here due
to individual irrigation practices

. w
UC Davis Water Management Research Group ‘

it watemanagementucdavisedu oy

D loped as a cooperative project bet
Universgity o fC alifornia, Davig
United States Geological Survey
and

California Department o fWater Resources

Map prepared by P.1.: Samuel Sandoval Solis, Ph.D. & 2013.

Figure 21: Application Efficiency for Other Field Crops, Survey 2010.
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Topic: Crop Water Use Spatial Analysis of Application Efficiencies in Irrigation for the State of California

5.2.8. ALFALFA

Aplication Efficiency: Alfalfa 2001

Table 1 - Application E ficiencies
for different Irrigation Systems

Application Efficiency [AE} is a performan-

"‘::‘-::"""m o2 oriterion that express es how well an irigs-
—m—— Hh tion system executes when & operated to de-
Wik Fleed = = E liver & s pecific amount of water. AE express-
et o = == e how well an irrigation s ystem can potentiak
e o 3 @ distributes the water acrcss the field. AEis
Suxface ~ S grinider Sk Rell 4 £ = the ratio of average water depth applied and
:'-:ur = Meve L £ Bl target water depth during an irrigation event
. - . o {Burt et al. 1857). The lower quartile depth
Hemdars @ 0 = was considered as the target water depth.
Limenr e T a1 w0
il £ I L Tabletshows the AEvalues used for differsnt
736 ewa= = 7w imigation systems (Canessa et al. 2011). Re-
Lemmfira k] ] L] gional AE estimates in Table 2 were esti-
i - I 2 mated using a weighted average of AEand
Buricddip = ™ QZ irrigation system's crop acreage for each

region {Tindula et al. 20M3}. The main assu-
mptions is that every farmer provided the lo-

cnne seman m Eficien q'.l;] wer guartile depth during each imigation event
T == =z ) to meet crop water requirements.
i S Fandson@ay 127 705 7
E CemtrmiComst 517 721 =3 i . i
: o yopel -, o .ﬁu.:ln.ec:trnn for water Iuss may applied
5 SmramestoRier 00 k) S for irrigation s ystems of Sprinkler and s ur-
5 Smooaguinier 213 7z 23 face irigation {Rogers et al. 1997).
7 Tumreime 51 721 B -
2 HorthLlshomtan 2z e a2 Read Sandoval Sclis et al. {2013) for a
El MT 23 42 =5 thorough description of the ass umption
10 ColoradoRiver g1z ) zZ3 i in thi
SHicwe - e — and values provided in this map.

ot 490 valles mean not data avalEnk The AE provided in this map are intended
to be used for water planning and ma-
nagement estimates at medium to large
seale regions. Local and field AEvalues
may vary from those displayed here due
to individual irrigation practices

UC Davis Water Management Réséarch Group ‘

it watemanagementucdavisedu oy

D loped as a cooperative project bet
University o fC alifornia, Davis
United States Geological Survey
and
California Department o fWater Resources

Map prepared by P.1.: Samuel Sandoval Solis, Ph.D. & 2013.

Figure 22: Application Efficiency for Alfalfa, Survey 2001.
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Topic: Crop Water Use Spatial Analysis of Application Efficiencies in Irrigation for the State of California

Aplication Efficiency: Alfalfa 2010

Table 1 - Application E ficiencies
for different Irrigation Systems

Application Efficiency [AE} is a performan-

"::‘-.?_-'i""“m e oriterion that express es how well an iriga-
s = tion system executes when i operated to de-
Wik Flamd = £ E liver & s pecific amount of water. AE expres s-
:"_“’ g ;-; 2 & how well an irrigation s ystem can potentiak
e o b P Iy distributes the water across the field. AEis
Susface - Sgrimkder Sde Rell @ = 7= the ratic of average water depth applied and
5;‘:' = Mere L £ Bl target water depth during an irrigation event
)"' - . . {Burt et al.1887). The lower guartile depth
Hemddare @ To B was considered as the target water depth.
LimearMave - &2 -
e £ I % Tabletshows the AEvalues used for differsnt
T4.7  w=a = = imigation systems (Canesss et sl 2011). Re-
Comor—TFirer k) & w0 gional AE estimates in Table 2 were esti-
- e . mated using a weighted average of AEand

Bumiederip ™ o irrigation system's crop acreage for each
. . - i Tindula et al. 2013}. Th i -
Table 2 - Application E ficiency Estimates mg'.ont.'n 2 1 griphionny
== mptions is that every farmer provided the lo-
Code o Pl i Lo Wean a1 wer quartile depth during each imigation event
to meet crop water requirements.

1 GanFmndsmBy S0 TAE  Ei5

3 Central Coast 0 70 50

4 SouthComst BLS BE B55 A correction for water losses may applied
5 Satramento fwer 507 3 BlE for irrigation s ystems of Sprinkler and sur-
§  anlmquinBwer 21 721 B4 gog jrigation (Rogers et al. 1997).

7 Tuare ke SEE 723 8.1 -

£ Morthlshonsn =) 7 B52 Read Sandoval Sclis et al. {2013) for a

% Southlahontn 0= e E27  thorough description of the ass umption

10 Colomdo River g“ %“; ii and values provided in this map.

Nofie. -9% values mean not data avallable The AE provided in this map are intended
to be used for water planning and ma-
nagement estimates at medium to large
scale regions. Local and field AEvalues
may vary from those displayed here due
to individual irrigation practices

. w
UC Davis Water Management Research Group ‘

it watemanagementucdavisedu oy

Developed as a cooperative project between
Universgity o fC alifornia, Davig
United States Geological Survey
d

an
California Department o fWater Resources

Map prepared by P.1.: Samuel Sandoval Solis, Ph.D. & 2013.

Figure 23: Application Efficiency for Alfalfa, Survey 2010.
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Topic: Crop Water Use Spatial Analysis of Application Efficiencies in Irrigation for the State of California

5.2.9. PASTURE

Aplication Efficiency: Pasture 2001

Pasture exchide grass nay
Table 1 - Application E ficiencies
for different Irrigation Systems

Application Efficiency [AE} is a performan-

":‘:“:"""m ce oriterion that expresses how well an irigs-
o —m—— B2 ion system executes when & operated to de-
Wik Fleed = = E liver & s pecific amount of water. AE express-
Eorks = i b & how well an irrigation system can potentiak
el o 3 @ distributes the water acrcss the field. AEis
Suxface ~ S grinider Sk Rell 4 £ = the ratio of average water depth applied and
Fadfem g Hers L £ = target water depth during an irrigation event
a— = = s (Burtetal1387). The lower quartile depth
Hemdars @ 0 = was considered as the target water depth.
Limaer v B & @
il 2 I % Table1shows the AEvalues used for different
738 ewa = 7 7 imigation systems (Canessa et al. 2011). Re-
Lemer-Fors: k] ] ] gienal AE estimates in Talrle 2 were esti-
o _ . , matedusing aweighted average of AEand
Eumieddig b 26 o; irrigation system's crop acreage for each
. . . i Tindula et al. 2013}. Th i -
Table 2 - Application E ficiency Estimates region {Tindula et a| - IR e S

mptions is that every farmer provided the lo-
Code e Romgi Low Me=an “e‘l“- wer quartile depth during each irigation event
3 to meet crop water requirements.

3 SanFrncscmBry 45 @3 702

3 Central Comst 57.7 623 6.1 " i

4 South Comt s s 725 .ﬁu.:ln.ec:trnn for water Iuss may applied

5 SacramentoRiver 0.3 L6 313 for irigation s ystems of Sprinkler and s -

€ SanlooquinBiver 337 03 =3 face irigation {Rogers et al. 1997).

o I s @4 828 B pead SandovakSolis et al (2013) for a

3 Nosh Lshontan 56.1 733 &5 g

] South Lahontan 7.4 03 a0l thorough description of the ass umption

10 ColoradoRiver 60.4 713 234 and values ided in this map.
Ttatevade 5T 720 . " F

ot 490 valles mean not data avalEnk The AE provided in this map are intended
to be used for water planning and ma-
nagement estimates at medium to large
seale regions. Local and field AEvalues
may vary from those displayed here due
to individual irrigation practices

esearch Group ‘

nitp:watem anagement ucdavisedu oy
Developed as a cooperative project between .
University o fC alifornia, Davis \\.\
United States Geological Survey hSN
and

California Department o fWater Resources

Map prepared by P.1.: Samuel Sandoval Solis, Ph.D. & 2013.

Figure 24: Application Efficiency for Pasture, Survey 2001.
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Topic: Crop Water Use Spatial Analysis of Application Efficiencies in Irrigation for the State of California

Aplication Efficiency: Pasture 2010

Pasture exchide grass nay
Table 1 - Application E ficiencies
for different Irigation Systems

Application Efficiency (AE) is a performan-

"::“r"""m o= oriterion that expresses how well an irigs-
St E2 jon system executes when i opersted to de-
Wi Fleed = £ 3 liver & s pecific amount of water. AE expres s-
:"‘_“’ % ;-; 2; e how well an irrigation s ystem can potentiak
— P ey - ly distributes the water across the field. AEis
Susface - Sgrimkder Sde Rell @ = 7 the ratic of average water depth applied and
e = L] £ 7= target water depth during an irrigation event
. - . o {Burt et al.1897). The lower quartile depth
Hemdare @ 0 ] was considered as the target water depth.
Limear Bere = 2 w0
i 2 I & Tabletshows the AEvalues used for different
?0_5 HezsPodl » k] 7z imigation systems {Canessa et al. 2011). Re-
Lemmira: = ] el gional AE estimates in Table 2 were esti-
z':“-‘_’ _ e . mated using a weighted average of AEand
Buricdurip = ™ oz irrigation system's crop acreage for each

Table 2 - Application E ficiency Estimates 20" (Tindula et al. 2013). The main assu-
Restoton ticeny 5] mptions is that every farmer provided the lo-
h

Code : ian Low M=an wer quartile depth during each irigation event
_r%_ﬂ?ﬁﬂ_a— o meet crop water requirements.

San Frandisco Bay 61:5 237 |l

2

3 Central Coast 612 na a3 . "

4 Sou G &8 1 @ms A correction for water losses may applied
H Sacrament River  32.2 7ia EER for irigation s ystems of Sprinkler and s ur-
5 Sanlosguinfiver 503 nBa 252 face irigation (Rogers et al. 1997).

T Tullsrs Laks 583 n7 w3 .

3 Nart: Lahantan =E ns =1 Resd SandovalSclis et al. (2013) for &

g Sguth Lahontan 544 &3 a9 thorough description of the ass umption
g

Colorads River 626 7l .7 and values provided in this map.
dde

ot 29 valies mean not data avalank The AE provided in this map are intended
to be used for water planning and ma-
nagement estimates at medium to large
scale regions. Local and field AEvalues
may vary from those displayed here due
to individual irrigation practices

UC Davis Water Management Réséarch Group ‘

it watemanagementucdavisedu

Developed as a cooperative project between
University o fC alifornia, Davis
United States Geological Survey
nd

a
California Department o fWater Resources

Map prepared by P.1.: Samuel Sandoval Solis, Ph.D. @& 2013.

Figure 25: Application Efficiency for Pasture, Survey 2010.
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Topic: Crop Water Use Spatial Analysis of Application Efficiencies in Irrigation for the State of California

5.2.10. CUCURBIT

Aplication Efficiency: Cucurbit 2001

Cucuroits helude meb =N, pers. et A N
CUTREE REh2 MEDs, suEEn. cleumper. &1 Table 1 - Application E ficiencies

for different Irrigation Systems
1 Agpkication Effici smdica (%]

Application Efficiency [AE} is a performan-
ce oriterion that expresses how well an irigs-

—m—— low o= Mob tion system executes when & operated to de-
Wik Fleed = = E liver & s pecific amount of water. AE express-
et o = == e how well an irrigation s ystem can potentiak
e o 3 @ distributes the water acrcss the field. AEis
Suxface ~ S grinider Sk Rell 4 £ = the ratio of average water depth applied and
Fadfem g Meve L £ Bl target water depth during an irrigation event
a— = s =  (Burtetsl1897). The lower qusrile depth
Hemdars @ 0 = was considered as the target water depth.
Limenr e T a1 w0

SaRedl @ T E .

. by o i Table 1 shows the AE values used for different
Heampodl o 73 7 irigation systems {Canessa et al. 2011). Re-
Lomer—Firee k] ] L] gional AE estimates in Table 2 were esti-

- - . mated using a weighted average of AEand

Buricddip ™ o irrigation system's crop acreage for each
region {Tindula et al. 20M3}. The main assu-
mptions is that every farmer provided the lo-

Code iz =g Low Mean mr“ wer quartile depth during each imigation event
T to meet crop water requirements.
2 San Frandso Bay &6 7E2 By
3 Central Coast &7 75 833
A4 SguthComst 7 s 301 A correction for water losses may applied
5 Sacramento Fiver 53 b a1 for irrigaticn s ystems of Sprinkler and s -
&  Smkmgenfer ob 88 7l face jrigation (Rogers et al. 1997).
7 Tulare Lake 6.4 6.6 7aa .
8  NorthLshontan -33 ey =) Read Sandoval Sclis et al. {2013) for a
3  Southlahontan & 713 a5 thorough description of the ass umption
I L %ﬁ“' 6;::.‘0 H and values provided in this map.
\-\ Mot 499 valles mean not data avalEnk The AE provided in this are intended
5 ., to be used for water planning and ma-

nagement estimates at medium to large
seale regions. Local and field AEvalues
may vary from those displayed here due
to individual irrigation practices

UC Davis Water Management Réséarch Group ‘

nitp:watem anagement ucdavisedu oy
D loped as a cooperative project bet
University o fC alifornia, Davis
United States Geological Survey
and

California Department o fWater Resources

Map prepared by P.1.: Samuel Sandoval Solis, Ph.D. & 2013.

Figure 26: Application Efficiency for Cucurbit, Survey 2001.
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Topic: Crop Water Use Spatial Analysis of Application Efficiencies in Irrigation for the State of California

Aplication Efficiency: Cucurbit 2010

Cucurblis helude mebns, squash, cucumbers, efc. . . . .
Table 1 - Application E ficiencies
for different Irrigation Systems S i X
— — Application Efficiency [AE} is a performan-
- ‘"L::"“;‘ﬂ:““}:*m ce oriterion that express es how well an irigs-
s tion system executes when i operated to de-

Wik Flamd = E liver & s pecific amount of water. AE expres s-
:"?"’ e = & how well an irrigation system can potentiak
el - s Iy distributes the water across the field. AE s
Susface - Sgrimkder Sde Rell & &2 = the ratic of average water depth applied and
Sructuce - Sgr . — b target water depth during an irrigation event
e - .. (Burtetal1957). The lower qusrtile depth
Hemddare 0 = was considered as the target water depth.
LimearMave = w0
el z 2 Table 1shows the AEvalues used for different
Hezedodl = 7 7= irigation systems [Canesss et al. 2011). Re-

1 Lomo-Fro: = k= b gicnal AE estimates in Table 2 were esti-
::;‘w_é - - - mated using a weighted average of AEand
Erriederip il 26 % irrigation system's crop acreage for each

region {Tindula et al. 2012}. The main assu-
mptions is that every farmer provided the lo-

Table 2 - Application E ficiency Estimates

Tl W el Lo 'G"'D':'EE:‘:“WH =h wer quartile depth during each irigation event
T ?’ﬁﬁ% T T - to meet crop water requirements.
2 San Frandsm Bay 77 85
i ::rcl EE-';_ A ﬂ.Xl.Ed?Dn for water |DSSE. may applied
5  Sacramento Bver 3 for irrigation s ystems of Sprinkler and sur-
g 159';1‘-"::";" River f,i;‘ face irigation {Rogers et al. 1997).
ulare k N
2 Morthlshentn =5 Read Eiandwa?— SPhs etal (2013} fD.I a
% Southlshontn B35 thorough description of the ass umption
10 Colomdo Mver 2 74

and values provided in this map.

R

Nofie. 99 values mean not data avallable

The AE provided in this map are intended
to be used for water planning and ma-
nagement estimates at medium to large
scale regions. Local and field AEvalues
may vary from those displayed here due
to individual irrigation practices

e l

% < Hr{107=a1.7

& High - 90

- Low : 50

40 £ = 100 Mies
L1

TTrTTrrIrr1rr1rri
B0 20 100 120 140 150 Miometers e

HR 10=74

UC Davis Water Management Research Group ‘

it watemanagementucdavisedu

e e

Developed as a cooperative project between
Universgity o fC alifornia, Davig
United States Geological Survey

and
California Department o fWater Resources

Map prepared by P.1.: Samuel Sandoval Solis, Ph.D. & 2013.

Figure 27: Application Efficiency for Cucurbit, Survey 2010.
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Topic: Crop Water Use Spatial Analysis of Application Efficiencies in Irrigation for the State of California

52.11. ONION AND GARLIC

Aplication Efficiency: Onion and Garlic 2001

Table 1 - Application E ficiencies

for different Irrigation Systems e ) .
Application Efficiency [AE} is a performan-
ce o iterion that expresses how well an iriga-
tion system executes when & operated to de-
liver & s pecific amount of water. AE express-
e how well an irrigation s ystem can potential
Iy distributes the water across the field. AEis
the ratio of average water depth applied and
target water depth during an irrigation event
{Burt et al. 1887). The lower quartile depth
was considered as the target water depth.

L
|
|
|

|

|

HR 08=-99
|

Table 1 shows the AE values used for different
irigation systems {Canessa et al. 2011). Re-
gienal AE estimates in Talrle 2 were esti-
mated using a weighted average of AEand
z irrigation system's crop acreage for each
region {Tindula et al. 20M3}. The main assu-
mptions is that every farmer provided the lo-
wer quartile depth during each imigation event
to meet crop water requirements.

Ao e T
| Buricddip ” 2

Table 2 - Application E ficiency Estimates

2 SanFrancmoBay &0 72

i gﬁ:ém, 5_' ‘;i A correction for water losses may applied

5 SsowmentoRiver 725 for irrigaticn s ystems of Sprinkler and s -

g ﬁ':m:eﬂw g;g face imigation (Rogers et al. 1997).

£ Morthlshontan e Read Sandoval Sclis et al. {2013) for a

2  Southlshontan 50 50 thorough description of the ass umption

10 ColoradoRiver 0 725 i in thi

— T — and values provided in this map.
e e The AE provided in this map are intended

5 £ to be used for water planning and ma-

nagement estimates at medium to large
seale regions. Local and field AEvalues
may vary from those displayed here due
to individual irrigation practices

£ = 100 Mies
L1
T T T

L L N
40 B0 E0 100 120 140 150 Miomesers

 BUSGS I
ks for 2 clawbeg wwk! 8

UC Davis Water Management Reséarch Group

it watemanagementucdavisedu oy

Developed as a cooperative project between
University o fC alifornia, Davis
United States Geological Survey
and
California Department o fWater Resources

Map prepared by P.1.: Samuel Sandoval Solis, Ph.D. & 2013.

Figure 28: Application Efficiency for Onion and Garlic, Survey 2001.
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Topic: Crop Water Use

Spatial Analysis of Application Efficiencies in Irrigation for the State of California

Aplication Efficiency: Onion and Garlic 2010

Table 1 - Application E ficiencies
for different Irrigation Systems

Application Effic encica (%]
Low  Meam  High

R 01=78.5 = =
LA B
AT ! g
j‘\—\f A ]..__\_ T ™ : &
;
1 et = & b

25

Al ot
Bumieddnip

Table 2 - Application E ficiency Estimates

Bpp Gtcnmcmq *Sal
Low

Code ydradogic Region

=
San Frangsca Bay

2 809
3 (entral Coast 746
2 South Comst 746
K Sacramento RBiver 763
6 San Joaquin River a7
7 Tulare Lake a0z
a North Lahontan ki
3 South Lahontan 758
10 (olorada River 7iA

WA 730

Nofie. 99 values mean not data avallable

A \
UC Davis Water Management Research Group ‘

l’tlp watema’\agementucdau lsedu
Developed as a cooperative project between
Universgity o fC alifornia, Davig
United States Geological Survey
and
California Department o fWater Resources

Map prepared by P.1.: Samuel Sandoval Solis, Ph.D. & 2013.

Application Efficiency [AE} is a performan-
ce o iterion that expresses how well an iriga-
tion system executes when i operated to de-
liver & s pecific amount of water. AE expres s-
& how well an irrigation s ystem can potentiak
Iy distributes the water across the field. AEis
the ratic of average water depth applied and
target water depth during an irrigation event
{Burt et al.1887). The lower guartile depth

was considered as the target water depth.

Table 1 shows the AE values used for different
irigation systems {Canessa et al. 2011). Re-
gicnal AE estimates in Table 2 were esti-
mated using a weighted average of AEand
irrigation system's crop acreage for each
region {Tindula et al. 2012}. The main assu-
mptions is that every farmer provided the lo-
wer quartile depth during each imigation event
to meet crop water requirements.

A correction for water losses may applied
for irrigation s ystems of Sprinkler and sur-
face irrigation {Rogers et al. 1997).

Read Sandoval Sclis et al. {2013) for a
thorough description of the ass umption
and values provided in this map.

The AE provided in this map are intended
to be used for water planning and ma-
nagement estimates at medium to large
scale regions. Local and field AEvalues
may vary from those displayed here due
to individual irrigation practices

Figure 29: Application Efficiency for Onion and Garlic, Survey 2010.
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Topic: Crop Water Use Spatial Analysis of Application Efficiencies in Irrigation for the State of California

52.12. POTATO

Aplication Efficiency: Potato 2001

Table 1 - Application E ficiencies
for different Irrigation Systems
Appkication Effic enciea (3]
Lo Mlcan Hagh

Application Efficiency [AE} is a performan-
ce o iterion that expresses how well an iriga-
tion system executes when & operated to de-
liver & s pecific amount of water. AE express-
es how well an irrigation system can potential
Iy distributes the water across the field. AEis
the ratio of average water depth applied and
target water depth during an irrigation event
{Burt et al. 1887). The lower quartile depth
was considered as the target water depth.

BEEAD Y

Table 1 shows the AE values used for different
irigation systems {Canessa et al. 2011). Re-
gional AE estimates in Table 2 were esti-
mated using a weighted average of AEand
irrigation system's crop acreage for each
region {Tindula et al. 20M3}. The main assu-
mptions is that every farmer provided the lo-
wer quartile depth during each imigation event
to meet crop water requirements.

- -

A correction for water losses may applied
for irrigaticn s ystems of Sprinkler and s -
face irigation {Rogers et al. 1997).

Read Sandoval Sclis et al. {2013) for a
thorough description of the ass umption
and values provided in this map.

Naoath Lahontan
Sguth Lahontan

3 [

Nofe. -99 vales mean not 43 avaliabke The AE provided in this map are intended

to be used for water planning and ma-
nagement estimates at medium to large
scale regions. Local and field AEvalues
may vary from those displayed here due
to individual irrigation practices

]
N HI{? 07=67.5

O @ 40w = 10 10 W 15 momees . ~ /) ’3’45 / T —
P R R J—
> At y HR 10=-99
L o N e
UC Davis Water Management Research Group ‘ LT

o watemanagement ucdavis edu

Developed as a cooperative project between
University o fC alifornia, Davis
United States Geological Survey
and
California Department o fWater Resources

Map prepared by P.1.: Samuel Sandoval Solis, Ph.D. & 2013.

Figure 30: Application Efficiency for Potato, Survey 2001.

-52-

CA Water Plan Update 2013 Vol 4 Reference Guide Page 62



Topic: Crop Water Use Spatial Analysis of Application Efficiencies in Irrigation for the State of California

Aplication Efficiency: Potato 2010

Table 1 - Application E ficiencies
for different Irrigation Systems

Application Efficiency [AE} is a performan-

"::"')?_"i"'-“m e oriterion that expresses how well an iriga-
o —— =2 fion system executes when i cperated to de-
Wik Flamd = £ E liver & s pecific amount of water. AE expres s-
:"f"’ g ;-; 2 & how well an irrigation system can potentiak
el & == Iy distributes the water across the fisld. AEis
Susface - Sgrimkder Sde Rell @ = 7= the ratic of average water depth applied and
Sructuce - Sgr Hers L = = target water depth during an irrigation event
e = = s (Burtetal1987). The lower quartile depth
Hemddare @ To B was considered as the target water depth.
LimearMave - &2 -
e £ I E Tabletshows the AEvalues used for different
Heaepe = 7w = imigation systems (Canessa et al. 2011). Re-
Cemor—Five: k) & w0 gional AE estimates in Table 2 were esti-
o . _ .. .  matedusing aweighted average of AEand
Erriederip = ™ ' irrigation system's crop acreage for each
. . - i Tindula et al. 2013}. Th i -
Table 2 - Application E ficiency Estim ates ﬁ';:s( is'r:hata :fa'm]pm:d:':h::
Code  H schesion Lo mmm"'ﬁ‘ T wer guartile depth during each imigation event
T ! i =T ﬁ— to meet crop water requirements.
2 SanFrandscoBay 713 87 20
3 Ges ""'Icm 5;02 7"}“? ; A correction for water losses may applied
5 Sacament River ] kil s45  for irrigation s ystems of Sprinkler and sur-
6 Sanloaguin River ??_E 2e @7 face irrigation {Rogers et al. 1997).
; L‘:‘: . 5“}3 7‘;‘31 f_j Read SandovakSolis et al. (2012) for a
%  Sguthlshontan 57 w1 BAE thorough description of the ass umption
10 Colorado River 50 & BE and values provided in this map.
Ststewade k] BT mn

The AE provided in this map are intended
to be used for water planning and ma-
nagement estimates at medium to large
scale regions. Local and field AEvalues
may vary from those displayed here due
to individual irrigation practices

aeicrees for 8 clanglg wek!

UC Davis Water Management Research Group

it watemanagementucdavisedu

Developed as a cooperative project between .
Universgity o fC alifornia, Davig W
United States Geological Survey

d

an
California Department o fWater Resources

Map prepared by P.1.: Samuel Sandoval Solis, Ph.D. & 2013.

Figure 31: Application Efficiency for Potato, Survey 2010.
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Topic: Crop Water Use Spatial Analysis of Application Efficiencies in Irrigation for the State of California

52.13. TOMATO - FRESH

Aplication Efficiency: Tomato Fresh 2001

Tomato fresh ks e tom 3t produced Brnon-processed products

Table 1 - Application E ficiencies
for different Irrigation Systems
Appkication Effic enciea (3]
Lo Mlcan Hizh

Application Efficiency [AE} is a performan-
ce o iterion that expresses how well an iriga-
tion system executes when & operated to de-

Wik Fleed = liver & s pecific amount of water. AE express-
Eorks e & how well an irrigation system can potentiak
el - ly distributes the water scross the field. AE (s
Suxface ~ S grinider Sk Rell &0 = the ratio of average water depth applied and
Fadfem g . b target water depth during an irrigation event
— - ..  (Burtetal1387). The lower quartile depth
Hemdars & = was considered as the target water depth.
Limearlave T o0

il = 2 Table 1shows the AEvalues used for different
HazePodl o b imigation systems {Canessa et al. 2011). Re-
Cemeor—Tire: = k= k) gienal AE estimates in Talrle 2 were esti-
Trip

mated using a weighted average of AEand

Buricddip z irrigation system's crop acreage for each
S . . region {Tindula et al. 20M3}. The main assu-

Table 2 - Application E ficiency Estimates mptions is that y farmer provided the lo-

Apgiicat an £ =] i i imigati
L;:'G Oaunm"\{wn wer quartile depth during each imigation event

Al ot ES

‘Cod: R
T - Nm:nl:::‘e(nn T =7 e to meet crop water requirements.
T Sanfrmascady T
3 Cantral Coast 675 " "
2 zoutncomt Py A I'JIXIIEL'.(.DI'I for water Im5§ may applied
5 Sacamenta Rher 7Tl for irrigaticn s ystems of Sprinkler and s -
ol ces i e face imigation (Rogers et al. 1997).
I Na:: Lhantan =0 Read Sandoval Sclis et al. {2013) for a
9 Southlshantan 52 thorough description of the ass umption
= %ﬁm' == ?:g = and values provided in this map.

The AE provided in this map are intended
to be used for water planning and ma-
nagement estimates at medium to large
seale regions. Local and field AEvalues
may vary from those displayed here due
to individual irrigation practices

]
4 HF{R 07=778

B High : 90

- Low : 50

[ ) 40 £ = 100 Mies
L L1
T rrrrrrr 1111
0 20 40 B0 ED 100 120 140 160 Miomesers

EUSES fif

UC Davis Water Management Réséarch Group ‘ 7

it watemanagementucdavisedu oy

Developed as a cooperative project between
University o fC alifornia, Davis
United States Geological Survey
and
California Department o fWater Resources

Map prepared by P.1.: Samuel Sandoval Solis, Ph.D. & 2013.

Figure 32: Application Efficiency for Tomato - Fresh, Survey 2001.
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Topic: Crop Water Use Spatial Analysis of Application Efficiencies in Irrigation for the State of California

Aplication Efficiency: Tomato Fresh 2010

Tomato fresh ks Me tom 2t produced ornon-processed products

Table 1 - Application E ficiencies
for different Irrigation Systems S i X
— — Application Efficiency [AE} is a performan-
- ‘"L::"“;‘ﬂ:“:&m ce oriterion that express es how well an irigs-
s tion system executes when i operated to de-

Wik Flamd = E liver & s pecific amount of water. AE expres s-
:"?"’ = = & how well an irrigation system can potentiak
el o =z ly distributes the water across the fisld. AE (s
Susface - Sgrimkder Sde Rell ) i3 = the ratic of average water depth applied and
Sructuce - Sgr i . — b target water depth during an irrigation event
e - .. (Burtetal1957). The lower qusrtile depth
Hemddare 0 B was considered as the target water depth.
LimearMave = -
el = 2 Table 1 shows the AEvalues used for different
Hezedodl = 73 7z irigation systems [Canesss et al. 2011). Re-
{ Lomo-Fro: = k=] ) gicnal AE estimates in Table 2 were esti-
-4 ::;‘w_é - - mated using a weighted average of AEand
[¢=] Erriederip il ™ % irrigation system's crop acreage for each

region {Tindula et al. 2012}. The main assu-
mptions is that every farmer provided the lo-

Table 2 - Application E ficiency Estimates

Lode  Hydrolggchegon lﬂm"‘h‘i g} = wer quartile depth duling each imigaticn event
T TET o = 5 to meet crop water requirements.
2 San Fancsolay %
i gn:ﬂltm g A correction for water losses may applied
5 Zacraments Fver 6 for irrigation s ystems of Sprinkler and sur-
g 'IS'.Lhﬂ:: Rover gg face irigation {Rogers et al. 1997).
2 Nodk lahonta X Read SandovakSclis et &l (2013) for a
3 South lahontn &8 thorough description of the ass umption
20, . Cel ok Hives ?355 and values provided in this map.

- %8 values mean nof dala avallable

&
W

The AE provided in this map are intended
to be used for water planning and ma-
nagement estimates at medium to large
scale regions. Local and field AEvalues
may vary from those displayed here due
to individual irrigation practices

£ = 100 Mies
L1

L S S L N L B
40 B0 E0 100 120 140 150 Miomasers

m

UC Davis Water Management Research Group

it watemanagementucdavisedu oy

Developed as a cooperative project between
Universgity o fC alifornia, Davig
United States Geological Survey

and
California Department o fWater Resources

Map prepared by P.1.: Samuel Sandoval Solis, Ph.D. & 2013.

Figure 33: Application Efficiency for Tomato - Fresh, Survey 2010.
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5.2.14. TOMATO - PROCESS

Aplication Efficiency: Tomato Processing 2001

Tomato fresh s Me t 13} duced B el duct:
e SENERIERESEE M pESRESE Ranas Table 1 - Application E ficiencies

for different Irrigation Systems
1 Agpkication Effici smdica (%]

Application Efficiency [AE} is a performan-
ce oriterion that expresses how well an irigs-

—m—— low o= Mob tion system executes when & operated to de-
Wik Fleed = = E liver & s pecific amount of water. AE express-
et o = == e how well an irrigation s ystem can potentiak
e o 3 @ distributes the water acrcss the field. AEis
Suxface ~ S grinider Sk Rell 4 £ = the ratio of average water depth applied and
Fadfem g Meve L £ Bl target water depth during an irrigation event
a— = s =  (Burtetsl1897). The lower qusrile depth
Hemdars @ 0 = was considered as the target water depth.
Limearlave kS 2w
il £ I L Tabletshows the AEvalues used for differsnt
: HescPed = 7 7 imigation systems (Canessa et al. 2011). Re-
L femeties = s gional AEestimates in Table 2 were esti-
i - I 2 mated using a weighted average of AEand
Buricddip = ™ QZ irrigation system's crop acreage for each
. . . i Tindula et al. 2013}. The i
Table 2 - Application E ficiency Estimates ﬁ:‘;’: i:;hat :fa m] provi MIIT:I::"
ol renan e EEE T e qiartile depth during each iigation event
' 0 = to meet crop water requirements.
18 2 San Francisa Bay &0 714 23
|£ i c"'s ﬁl c::‘ gcg ;’; ?939 A correction for water losses may applied
3 5 Sacamentzfver 600 s 765 for irigation systems of Sprinkler and su-
LY 5 SanlmaquinRiver = LE 82 face irigation {Rogers et al. 1997).
] T amele %% & % ReadSandovalSolisetal (2013 fora
+ 3 South Lahontan &0 e 772 thorough description of the ass umption
\‘1'_' 'j_\ 10 ColoradoRiver &0 675 75 and values provided in this map.
5N ' n

The AE provided in this map are intended
£ to be used for water planning and ma-
nagement estimates at medium to large
seale regions. Local and field AEvalues
may vary from those displayed here due
to individual irrigation practices

UC Davis Water Management Réséarch Group ‘

nitp:watem anagement ucdavisedu oy
D loped as a cooperative project bet
University o fC alifornia, Davis
United States Geological Survey
and

California Department o fWater Resources

Map prepared by P.1.: Samuel Sandoval Solis, Ph.D. & 2013.

Figure 34: Application Efficiency for Tomato Process, Survey 2001.
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Aplication Efficiency: Tomato Processing 2010

Tomato fresh ks Me tom 2t produced Brprocessed poduds

Table 1 - Application E ficiencies
for different Irrigation Systems S i X
— — Application Efficiency [AE} is a performan-
- "::"“;f“:*m ce oriterion that express es how well an irigs-
s tion system executes when i operated to de-

Wik Flezd 4 £ v er 3 5 pecific amount of water. AE expres s-
i cifi t of water. AE
osler; = . & how well an irrigation s ystem can potential
8 o = h Il t I tisk
! Forme o = i lydistributes the water aoross the field. AE (s
} - ) r Susface - Sgrimkder Sde Rell ) i3 = the ratic of average water depth applied and
; P ; f"\ F EE s SMeve @ €2 T3 imrget water depth during an irigation event
1 ~ . e \..Ej' ) .| e . . s (Burtetal1987). The lower quartile depth
eb ] & } - ¥ ! R bt :  was considered as the target water depth.
LimearMave = -
~ ] . .| e = & Tabletshows the AEvalues used for different
5 / H R 08!:_99 HomePul = - oz imigation systems {Canessa et al. 2011). Re-
| Cemor—Five: ) & w0 gional AE estimates in Table 2 were esti-
E. ! ::;‘w_é = . mated using a weighted average of AEand
. N | Burieddrip ra ™ ™ irrigation system's crop acreage for each
- _J_ B . . - region {Tindula et al. 2012}. The main assu-
\_"—\ — | Table 2 - Application Eﬁc:ncy Estim ates mptions is that every farmer provided the lo-
. Code H icRegion erl IMMH,::EW“ wer quartile depth during each irigation event
5 1 Haort = =] o meet crop water requirements.
L | 2 SanFrancscoBay 625 43 865
l;' 3 Central Comt 754 s =8, cion e [ lied
P — - g = correction for water losses may appli
H 5 SagamenpRiver 621 35 o for irrigation s ystems of Sprinkler and sur-
5 g ?LJ“L:;: River 5= §§ gf face imigation (Rogers et al. 1997).
7 ulare THAa .. =1 N
] 3 Narth Lahontan 3 ) e Read Sandoval Sclis et al. {2013) for a
3 | 3  Southlahontan v E =5 thorough description of the ass umption
\,u__. T, 10 ColoradoRiver 999 -2 -¥__ andvalues provided in this map.
State wide ok ! A
S . K] 5
5 2'\ Nofe. -39 valies mean not data avaliable The AE provided in this map are intended
- i a to be used for water planning and ma-

nagement estimates at medium to large
scale regions. Local and field AEvalues
may vary from those displayed here due
to individual irrigation practices

.
S
"k e 0 100 1hn 14 160 Kimes B T y
' HR 10=-99
JE Yo
T aives: for 2 changlng wark! " q_\ .
UC Davis Water Management Research Group ‘ 1 "-.ffcq\ """ T

it watemanagementucdavisedu

Developed as a cooperative project between
Universgity o fC alifornia, Davig
United States Geological Survey

and
California Department o fWater Resources

Map prepared by P.1.: Samuel Sandoval Solis, Ph.D. & 2013.

Figure 35: Application Efficiency for Tomato - Process, Survey 2010.
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5.2.15. OTHER TRUCK CROPS

Aplication Efficiency: Other Truck Crops 2001

Qther truck crops comsider carmots, caulMower, broce: strawberries, aspaagqus e . N = N
° = ol & BmEEQE S Table 1 - Application E ficiencies

for different Irrigation Systems

Application Efficiency [AE} is a performan-

. "::"’:"""m o2 oriterion that express es how well an irigs-
g ——— Hh tion system executes when & operated to de-
Wik Fleed = = E liver & s pecific amount of water. AE express-
et o = == e how well an irrigation s ystem can potentiak
= 5 3% L b distributes the water across the field. AE s
Suxface ~ S grinider Sk Rell 4 £ = the ratio of average water depth applied and
Fadfem g EMere L £ Bl target water depth during an irrigation event
a— = s =  (Burtetsl1897). The lower qusrtile depth
HamdMere @ T £l was considered as the target water depth.
Limearlave kS a1 w0
il £ I L Tabletshows the AEvalues used for differsnt
HescPed = 7 7 imigation systems (Canessa et al. 2011). Re-
Lemmfira k] ] L] gional AE estimates in Table 2 were esti-
i X - I 2 mated using a weighted average of AEand
Buricddip = ™ QZ irrigation system's crop acreage for each
. . . i Tindula et al. 2013}. Th i -
Table 2 - Application E ficiency Estimates ﬁ';:s( islr;hata :fa'm]pm:d:':h::
ccremon Lopmtonthoena I wer quartile depth during esch imigation event
o to meet crop water requirements.
2 San Frandsco Bay =it 1 B6
3 ES mlcm 55651 ?53 ;? A correction for water losses may applied
5  SacamentoRiver 534 o3 E13  for irigation s ystems of Sprinkler and sur-
& Sanlosgunfiver =7 74 B4 face irrigation {Rogers et al. 1997).
T el = & %5 Read SandovakSolis stal (2013 for a
S Southlahontan &6 731 g7  thorough description of the ass umption
10 ColoredoRiver ELE 71 0

and values provided in this map.

i
|
g

ot 490 valles mean not data avalank The AE provided in this map are intended
to be used for water planning and ma-
nagement estimates at medium to large
seale regions. Local and field AEvalues
may vary from those displayed here due
to individual irrigation practices

it watemanagementucdavisedu

Developed as a cooperative project between

University o fC alifornia, Davis *.\
United States Geological Survey hSN
and

California Department o fWater Resources

Map prepared by P.1.: Samuel Sandoval Solis, Ph.D. & 2013.

Figure 36: Application Efficiency for Other truck Crops, Survey 2001.
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Aplication Efficiency: Other Truck Crops 2010

Other tnuck Crops comskder cammots, caulMower, brocsoll, strawbermies, 350aragus 2t

Table 1 - Application E ficiencies
for different Irrigation Systems
Application Effic cncica (%]
Lonw Slcan Mk

Application Efficiency [AE} is a performan-
ce o iterion that expresses how well an iriga-
tion system executes when i operated to de-
= £ liver & s pecific amount of water. AE expres s-

Table 1 shows the AE values used for different
irigation systems {Canessa et al. 2011). Re-

=

= e how well an irrigation system can potentiak
@ Iy distributes the water across the field. AEis
& &2 the ratic of average water depth applied and
. . target water depth during an irrigation event
- {Burt et al.1887). The lower guartile depth

0 was considered as the target water depth.

&

5 gional AE estimates in Table 2 were esti-
- - - mated using a weighted average of AEand
" :3 irrigation system's crop acreage for each

region {Tindula et al. 2012}. The main assu-
mptions is that every farmer provided the lo-
fppiatonswcenct ™ wer quartile depth during each imigation event

Table 2 - Application E ficiency Estimates

Hydrologs Regson

CEcrerea o meet crop water requirements.
Zan Franciszo Bay
Cerral Comst " " . . i
i Pt A correction for water losses may applied

for irrigation s ystems of Sprinkler and sur-
face irrigation {Rogers et al. 1997).

Read Sandoval Sclis et al. {2013) for a
thorough description of the ass umption
and values provided in this map.

Secramento Fiver
Sen Joaquin River
Tulam Lake

Nortn Lanontan
South Lanontan
Cokarad River
SteEwiae

gonvausund®

The AE provided in this map are intended
to be used for water planning and ma-
nagement estimates at medium to large
scale regions. Local and field AEvalues
may vary from those displayed here due
to individual irrigation practices

i
3 HF{Q 07=78.9

MW 40 80 B0 100 Mies
PR TR N T RO T B R |

L L L
0 40 B0 ED 100 120 140 160 Miomasers e—

e e T
~ HR 10=78.4
N ot .
UC Davis Water Management Research Group RN 0 . -

o watemanagement ucdavis edu

Developed as a cooperative project between
Universgity o fC alifornia, Davig
United States Geological Survey
and
California Department o fWater Resources

Map prepared by P.1.: Samuel Sandoval Solis, Ph.D. & 2013.

Figure 37: Application Efficiency for Other Truck Crops, Survey 2010.
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5.2.16. ALMOND AND PISTACHIO

Aplication Efficiency: Almond and Pistachio 2001

Table 1 - Application E ficiencies
for different Irrigation Systems e ) .
= - Application Efficiency [AE} is a performan-
- "'"“"“::’“:*m ce oriterion that express es how well an irigs-
g ——— tion system executes when & operated to de-

]

Wik Fleed = = E liver & s pecific amount of water. AE express-
:"?"’ : ;‘ L e how well an irrigation s ystem can potentiak
Farea & i lydistributes the water acress the fisld. AE#s
Suxface ~ S grinider Sk Rell 4 £ the ratic of average water depth applied and
E et EMere L £ = target water depth during an irrigation event

Sprinkis . . (Burtet al1997). The lower quartile depth

Pormmm = 2z
Hemdars @ = was considered as the target water depth.
Limearlave = w0
Sx-Rell @ & -
i - = Table 1 shows the AE values used for different
HazePodl o 7 imigation systems {Canessa et al. 2011). Re-
1 Cemeor—Tire: = ) gional AE estimates in Table 2 were esti-

- , - . mated using a weighted average of AEand
g:::::,z — ™ —:: irrigation system's crop acreage for each
region {Tindula et al. 20M3}. The main assu-
mptions is that every farmer provided the lo-
wetion EFfciency (5] wer quartile depth during each imigation event
Logde roiogicHe Low ez
- st el i il . ZE b mest crop water requirements.

Table 2 - Application E ficiency Estimates

Nostn Loast U3 o=l b1
2 San Fancisco Bay &7 76 5
3 Central Coam 636 74 723 i "
4 Souh i 757 e = A I'JIXIIEL'.(.DI'I for water Im5§ may applied
5 Sacramenis Bver BE2 3 783 for irrigaticn s ystems of Sprinkler and s -
g ?Lhﬂ&ﬂ River ?g—’ ;ﬁ g:g face irrigation (Rogers et al. 1997).
ulane 4 -
8 Madth Lahantan - s = Read Sandnva.l— 5.D|IS etal (2013) fﬂ. a
3 South Lahontan 722 203 .2 thorough descripticn of the ass umption
10 Coloradsfiver £ A 272 and values provided in this map.
Ststewide T %9 w7 i P

Nofe. -99 vales mean not 43 avaliable The AE provided in this map are intended

to be used for water planning and ma-

nagement estimates at medium to large
seale regions. Local and field AEvalues
may vary from those displayed here due
to individual irrigation practices

£ = 100 Mies
L1
T T T

L L N
40 B0 E0 100 120 140 150 Miomesers

i ‘
{H BUSGS
R e - .

UC Davis Water Management Reséarch Group ‘ 7

it watemanagementucdavisedu oy

HR 10=75.6

PRl

Developed as a cooperative project between .
University o fC alifornia, Davis W
United States Geological Survey g
and
California Department o fWater Resources

Map prepared by P.1.: Samuel Sandoval Solis, Ph.D. & 2013.

Figure 38: Application Efficiency for Almond and Pistachio, Survey 2001.
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Aplication Efficiency: Almond and Pistachio 2010

Table 1 - Application E ficiencies
for different Irrigation Systems

Application Efficiency [AE} is a performan-

lw::i-)?_‘———:m e oriterion that express es how well an iriga-
o —— = tion system executes when i operated to de-
Wik Flamd = £ E liver & s pecific amount of water. AE expres s-
:;‘"’ g ;-; 2 & how well an irrigation system can potentiak
. o b a2 ly distributes the water aoross the field. AEis
Susface - Sgrimkder Sde Rell @ = 7= the ratic of average water depth applied and
Sructuce - Sgr Hers L = = target water depth during an irrigation event
e = = s (Burtetal1987). The lower quartile depth
Hemddare @ To B was considered as the target water depth.
LimearMave - &2 -
e £ I E Tabletshows the AEvalues used for different
Heaepe = 7w = imigation systems (Canessa et al. 2011). Re-
emerFore: k] =) %0 gicnal AE estimates in Table 2 were esti-
f_:_:-_ - - . mated using a weighted average of AEand
Erriederip T ™ o irrigation system's crop acreage for each
Table 2 - Application E ficiency Estimates ﬁ'i‘;:s‘grﬁt':f; :'f':‘r‘r‘:’ p‘T;‘j iy
aney

Code rdogicRagion  Low Me=an Lign  WET quartile depth during each imigation event
Tih EiE to meet crop water requirements.

San Fancisco Bay 716
7

24 Acorrection for water losses may applied
213 for irrigation s ystems of Sprinkler and sur-
face irrigation {Rogers et al. 1997).

- Read SandovalSclis et al. (2012) for a
2z thorough description of the ass umption
207 and values provided in this map.

South (oast 755
Sacramanto River 736
San Joaquin River 711
726

7

South Lahontan 723
C i 745
70

Nofe. -9% values mean not data avallable

0 el o
]
¥
HEEREEEEsES
o

The AE provided in this map are intended
to be used for water planning and ma-
nagement estimates at medium to large
scale regions. Local and field AEvalues
may vary from those displayed here due
to individual irrigation practices

. -
UC Davis Water Management Research Group ‘

it watemanagementucdavisedu oy

Developed as a cooperative project between
Universgity o fC alifornia, Davig
United States Geological Survey
d

an
California Department o fWater Resources

Map prepared by P.1.: Samuel Sandoval Solis, Ph.D. & 2013.

Figure 39: Irrigation Efficiency for Almond and Pistachio, Survey 2010.
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52.17. OTHER DECIDUOUS

Aplication Efficiency: Other Deciduous 2001

Qtmer ceciduous Inciude apple: eaches, ne: ears, eto. . N = N
REEEH prnesp Table 1 - Application E ficiencies

for different Irrigation Systems

Application Efficiency [AE} is a performan-

":‘:“:"""m o2 oriterion that express es how well an irigs-
g ——— Hh tion system executes when & operated to de-
Wik Fleed = = E liver & s pecific amount of water. AE express-
et o = == e how well an irrigation s ystem can potentiak
= 5 3% L b distributes the water across the field. AE s
Suxface ~ S grinider Sk Rell 4 £ = the ratio of average water depth applied and
Fadfem g Meve L £ Bl target water depth during an irrigation event
a— = s =  (Burtetsl1897). The lower qusrtile depth
Hemdars @ 0 = was considered as the target water depth.
Limenr e T a1 w0
il £ I L Tabletshows the AEvalues used for differsnt
HescPed = 7 7 imigation systems (Canessa et al. 2011). Re-
Lemmfira k] ] L] gional AE estimates in Table 2 were esti-
i X - I 2 mated using a weighted average of AEand
Buricddip = ™ QZ irrigation system's crop acreage for each
. . . i Tindula et al. 2013}. Th i -
Table 2 - Application E ficiency Estim ates 'Eg'.on(. ‘ndua et 2 1 iy
Feation Eficeney 15 mptions is that every farmer provided the lo-
Code ;i c R Low M=an gt +n wer quartile depth during each imigation event
Lr i X to meet crop water requirements.
2 San Frandisco Bay 56.6 3.7 6238
3 Centeal Coamt 62 6.4 23 . i
4 Soumc 523 7 P A correction for water losses may applied
5 Sacramanto River 8.3 631 723  for irigation s ystems of Sprinkler and s -
g 15_";:“':"':"‘-“' ﬁ-g %i ;‘;; face irigation {Rogers et al. 1997).
u L ; -
3 Warth Lahantan a1 =1 s ReadSandova.l—S.olls etal {2013”0.(5
3 Sgath Lahontan 739 825 14 thorough description of the ass umption
10 Colorado River 67.1 7 &ns5 and values provided in this map.
i £3.4 712 783

ot 490 valles mean not data avalEnk The AE provided in this map are intended
to be used for water planning and ma-
nagement estimates at medium to large
seale regions. Local and field AEvalues
may vary from those displayed here due
to individual irrigation practices

it watemanagementucdavisedu oy

Developed as a cooperative project between

University o fC alifornia, Davis *.\
United States Geological Survey hSN
and

California Department o fWater Resources

Map prepared by P.1.: Samuel Sandoval Solis, Ph.D. & 2013.

Figure 40: Application Efficiency for Other Deciduous, Survey 2001.
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Aplication Efficiency: Other Deciduous 2010

Cfher declduous Include apples. peaches. prunes. pears. etc.

Table 1 - Application E ficiencies
for different Irrigation Systems

Application Efficiency [AE} is a performan-

- ‘WL:'““:’:““}E*N o= oriterion that expresses h.uw well an iriga-
[errra tion system executes when i cperated to de-
Wik Flamd = E liver & s pecific amount of water. AE expres s-
:"?"’ e = & how well an irrigation system can potentiak
el o =z ly distributes the water across the fisld. AE (s
Susface - Sgrimkder Sde Rell & &2 = the ratic of average water depth applied and
Sructuce - Sgr . — b target water depth during an irrigation event
e - .. (Burtetal1957). The lower qusrtile depth
Hemddare 0 = was considered as the target water depth.
LimearMave = w0
el z 2 Table 1shows the AEvalues used for different

78 g Hezedodl = 7 7= irigation systems [Canesss et al. 2011). Re-

1 ) Lomo-Fro: = k= b gicnal AE estimates in Table 2 were esti-
::;‘w_é - - - mated using a weighted average of AEand
Erriederip il 26 % irrigation system's crop acreage for each

Table 2 - Application E ficiency Estimates mg'.D"{T'ndUIa Sk ) The. fipsiaal
mptions is that every farmer provided the lo-

Code el cgic Regican L::I'C"m:‘f:{"n“c{‘ﬁ'_ wer quartile depth during each irigation event

T % i -7 to meet crop water requirements.

2 San Francisc Bay 76

i ‘:S:""‘t':“‘l:g::t gg A correction for water losses may applied

5 Zacamentsfiver a2 for irrigation s ystems of Sprinkler and sur-

5§ SanlosquinRiver 78 face irigsation (Rogers et al. 1997).

g ;‘;';'::::m gg Read SandovakSolis et al. (2012) for a

g South Lahontan 233 thorough description of the ass umption

10 ColoradoRiver 201 and values provided in this map.

Ttatewide (] 0] 2

ake ;<Siuale o= e Rk d St auamatis The AE provided in this map are intended

to be used for water planning and ma-
nagement estimates at medium to large
scale regions. Local and field AEvalues
may vary from those displayed here due
to individual irrigation practices

]
' HF{? 07=77.3

& High - 90

- Low : 50

40 £ = 100 Mies
L1

TTrTTrrIrr1rr1rri
B0 20 100 120 140 150 Miometers R

UC Davis Water Management Research Group

it watemanagementucdavisedu

Developed as a cooperative project between
Universgity o fC alifornia, Davig
United States Geological Survey

and
California Department o fWater Resources

Map prepared by P.1.: Samuel Sandoval Solis, Ph.D. & 2013.

Figure 41: Application Efficiency for Other Deciduous, Survey 2010.
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5.2.18. SUBTROPICAL TREES

Aplication Efficiency: Subtropical Trees 2001

Subtroplealiress hclude olves, avocados, chms, dates. ete

Table 1 - Application E ficiencies
for different Irrigation Systems
Appkication Effic enciea (3]
Lo Mlcan Hagh

Application Efficiency [AE} is a performan-
ce o iterion that expresses how well an iriga-
tion system executes when & operated to de-
liver & s pecific amount of water. AE express-
es how well an irrigation system can potential
Iy distributes the water across the field. AEis
the ratio of average water depth applied and
target water depth during an irrigation event
{Burt et al. 1887). The lower quartile depth

was considered as the target water depth.

BEEAD Y

Table 1 shows the AE values used for different

irigation systems {Canessa et al. 2011). Re-

gional AE estimates in Table 2 were esti-

- - - mated using a weighted average of AEand

= s irrigation system's crop acreage for each
S . . region {Tindula et al. 20M3}. The main assu-

Table Z - Application E fiiciency Estimates mptions is that every farmer provided the lo-

Bppiction Eficenoy (7] I’ . . P N
in Mean Tih wer quartile depth during each irigation event

EFEELE]

67.2

C Hydirgloeic e s A
'Te n:n:.ﬁan 2 = =T & meet crop water requirements.

2 San Francsco Bay 803

&, (Cenme Coo £ A correction for water losses may applied

4 SouthCoast 758 A =

5 Samaments Bver 73 for irrigaticn s ystems of Sprinkler and s -

6  SanlceguinRiver 724 face irigation {Rogers et al. 1997).

7 Tulare Lake 765 . i 13013}

2 Morthlshoian &2 Read Sandov s.I-S.alls et al {2013) fD.l a

% Souwhlshontan 24 thorough description of the ass umption

10 Colorado River 764 and values provided in this map.

Stetewide i

The AE provided in this map are intended
to be used for water planning and ma-
nagement estimates at medium to large
scale regions. Local and field AEvalues
may vary from those displayed here due
to individual irrigation practices

i
3 HF{R 07=765

) 0 £ = 100 Mies
L1

L R N R N L B

40 B0 ED 100 1200 140 160 Miomesers

—

HR 10=76.4

el
UC Davis Water Management Research Group ‘

o watemanagement ucdavis edu

et

Developed as a cooperative project between
University o fC alifornia, Davis
United States Geological Survey
and
California Department o fWater Resources

Map prepared by P.1.: Samuel Sandoval Solis, Ph.D. & 2013,

Figure 42: Application Efficiency for Subtropical Trees, Survey 2001.
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Aplication Efficiency: Subtropical Trees 2010
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Figure 43: Application Efficiency for Subtropical trees, Survey 2010.
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5.2.19. TURFGRASS AND LANDSCAPE

Aplication Efficiency: Turfgrass and Landscape 2001
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Figure 44: Application Efficiency for Turfgrass and Landscape, Survey 2001.
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Aplication Efficiency: Turfgrass and Landscape 2010
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Figure 45: Application Efficiency for Turfgrass and Landscape, Survey 2010.
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5.2.20. VINEYARD

Aplication Efficiency: Vineyard 2001
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Figure 46: Application Efficiency for Vineyard, Survey 2001.
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Aplication Efficiency: Vineyard 2010
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Figure 47: Application Efficiency for Vineyard, Survey 2010.
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6. CONCLUSION

6.1. CONCLUSIONS

Based on the analysis done, combining the irrigation surveys with theoretical application
efficiencies, it was possible to estimate overall application efficiencies for 20 crops and by
hydrologic region for two years, 2001 and 2010. Table 7 shows the application efficiency for each
hydrologic region and statewide. For the whole state of California, it is estimated that the mean AE
has increased 3.1% from 74.5% to 77.5%. All hydrologic regions improved their AE (AAE), except
North Lahontan, where a minimal -0.1% decrease in AE has been estimated. The three regions with
highest increase in AE are: Sacramento River (4.8%) and South Coast (4.3%) and San Francisco Bay

(3.9%).

Table 7 -Application Efficiencies for California Hydrologic Regions

2001 Survey 2010 Survey
Hydrologic Region Low (%) Mean (%) High (%) Low (%) Mean (%) High (%) AIE
North Coast 64.4 73.6 82.1 67.2 77.3 87.0 3.7
San Francisco Bay 66.7 74.9 82.9 68.2 78.8 88.9 3.9
Central Coast 68.3 76.4 84.7 70.5 79.8 88.9 3.4
South Coast 65.6 74.4 83.3 69.2 78.7 87.7 4.3
Sacramento River 62.2 71.8 80.9 65.8 76.6 86.6 4.8
San Joaquin River 65.0 74.8 84.4 67.0 78.0 88.3 3.2
Tulare Lake 65.5 75.5 85.5 66.7 77.8 88.3 2.3
North Lahontan 59.2 73.6 84.3 61.8 73.5 85.0 -0.1
South Lahontan 66.8 76.3 85.9 67.9 78.5 88.6 2.2
Colorado River 63.0 72.9 82.8 63.9 75.3 86.1 24
Statewide 64.8 74.5 83.9 66.7 77.5 87.8 3.1

Similarly, the AE by crop has increased for most of the crops, as shown in Table 8. The crops
with highest AE in 2010 are vineyards, followed by subtropical trees, almonds and pistachio,
tomato (process), and onion and garlic (Column of 2010 Survey - Mean). The 2010 AE values for
almost every crop increased [column A(AE)] compared to estimated AE in 2001, except for
safflower and pasture. The largest increases in AE from 2001 to 2012 [column A(AE)] occurred in
onion and garlic, tomato (process), potato, other deciduous (apples, peaches, prunes, pears, etc.),
and turfgrass and landscape. At least 14 crops improved their AE by 2% or more (cotton, other field
crops, cucurbit, onion and garlic, tomato-fresh. tomato process, other truck crops, almond and

pistachio, other deciduous, subtropical trees, turf grass and landscape, and vineyards).
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Table 8 -Application Efficiencies by Crop

2001 Survey 2010 Survey
Crop Low (%) Mean (%) High (%) Low (%) Mean (%) High (%) AIE
Corn 59.7 72.5 84.6 59.6 72.9 85.5 0.4
Cotton 59.9 71.6 83.4 62.2 74.6 86.4 3.0
Dry beans 61.8 72.0 82.2 63.3 74.3 84.6 2.3
Grains 60.6 72.0 82.6 60.1 73.0 85.3 1.0
Safflower 59.4 71.3 81.9 58.9 71.1 82.9 -0.3
Sugarbeet 60.0 72.5 85.0 62.0 74.4 86.0 1.9
Other Field crops 60.9 72.1 83.0 62.0 74.2 85.9 2.1
Alfalfa 61.9 72.5 82.8 60.6 73.1 84.9 0.6
Pasture 57.7 72.0 82.6 58.5 71.4 83.9 -0.5
Cucurbit 65.0 74.6 84.2 66.8 77.9 88.5 3.3
Onion and Garlic 56.0 61.2 66.4 69.6 79.0 88.0 17.9
Potato 61.1 68.7 76.3 70.5 78.9 86.5 10.2
Tomato (fresh) 66.5 75.9 85.4 67.7 78.5 89.0 2.6
Tomato (process) 60.3 70.4 80.4 70.9 80.9 90.6 10.6
Other Truck Crops 64.3 72.8 81.6 67.2 77.1 86.6 4.3
Almond & Pistachio 69.0 76.9 84.7 72.0 81.2 89.8 4.3
Other Deciduous 63.4 71.2 78.9 68.3 78.0 86.9 6.7
Subtropical Trees 69.7 77.1 84.5 73.0 81.6 89.4 4.5
Turfgrass & landscape 61.4 68.6 75.8 64.8 74.4 83.8 5.8
Vineyard 70.9 79.7 89.0 73.1 83.0 92.6 3.3

6.2. LIMITATIONS

The objective of this analysis is to obtain a rough estimation of on farm AE across different
hydrologic regions and crops across California. This was possible by considering several
assumptions that may not be valid. The main assumptions are: (1) the irrigation survey is a
representative sample of the population, (2) every farmer knew their irrigation system DU and
their crops target depth, (3) the target depth was obtained considering the low quartile depth and
the distribution uniformity, and (4) water losses from the irrigation system were not considered.
For the first assumption, further statistical analysis is needed to test if the irrigation survey is
representative of the population. For the second assumption, it is very unlikely that every farmer
knows the DU of their irrigation system, or their target depth, nonetheless, this assumption was
considered to make equal the DU and AE values. The third assumption considers that farmers do
not waste water and only apply the required amount of water in every irrigation event, however
this is not always true, lacking of knowledge of their DU, crop water requirement and target depth
can provoke to use more water than needed. Finally, for the fourth assumption, the authors
recognize that there are water losses in irrigation systems and that these must be considered when

data is available.
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Appendix A. APPLICATION EFFICIENCIES TUTORIAL

California Application
Efficiencies: ArcGIS Tutorial
for Hydrologic Regions
Geo-database

Project: Spatial Analysis of Irrigation Efficiencies for the State of California
Institution: United States Geological Survey

P.l.: Samuel Sandoval Solis, PhD

Institution: University of California, Davis

Department:  Land, Air and Water Resources

Address: One Shields Avenue, Veihmeyer 135, Davis, CA. 95616

Ph.: (530) 750-9722

Email: samsandoval@ucdavis.edu

Tutorial Prepared by: Kaylee Williams
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INTRODUCTION

Analyzing who is using the water, where, but most importantly, how efficiently, it is of
substantial importance in order to identify potential places where improvements can be made.
Application efficiency is defined as the ratio of beneficial water use for a determined crop and
the applied water to that particular crop. The beneficial water use is the amount water
beneficially transpired by plants, retained in the plant tissue and evaporated from adjacent soil
surfaces, water for removal of salts or climate control, during a specific period of time. This
value is highly dependent on the crop type. The applied water is the quantity of water applied to
a specific crop per unit area, which depends on the irrigation method.

Understanding how irrigation methods and land use have changed over a time period is relevant
to understanding what crops are being grown and how they are supplied with water throughout
the state. Five irrigation surveys have been conducted in California (1972, 1980, 1991, 2001, and
2010); however they are compiled in an Excel format that has made the data less accessible for
further water use analysis.

OBJECTIVES

The main objectives of the project are to introduce the Irrigation Survey data from 2001 and
2010 to a geographical information system (GIS) format called California Irrigation Information
System (CALIIS)and perform a temporal and spatial analysis of water use efficiency for each
crop and irrigation method. This will help to determine the variability and uncertainty of water
use efficiency calculations. Irrigation survey data was collected by county for 20 crops, 4
irrigation types, and 16 irrigation methods. Composing the data into a GIS format provides easier
access, use, and visualization of irrigation trends for each of the ten hydrologic regions in
California.

This tutorial explains the data compilation and framework that was used in the creation of the
database created for the hydrologic regions. It also will show how to manipulate data in the
database from selecting by location and feature attributes. A in depth analysis discussion
includes topics such as exporting selected data, construction of new feature classes, and
construction of relationship classes.
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DATA FRAMEWORK FOR GEODATABASE

The data framework for the geodatabase follows the pattern displayed below. Starting from ten
hydrologic regions it is subdived into twenty crops. From twenty crops it is possible to find the
water source (ground, surface, both) or continue to four irrigation type. From irrigation type we
can then specify the irrigation method and lastly the water sources for each method present. Note
that the figure below has the number of possible cateogories in parenthesis after the field name
description. This is to indicate that there are multiple values associated with each box in the
schema.

Irrigation Water
. Types (4) Methods (16) Sources (3)
RHyt_iroIogllg e Crops (20)
egions (10) WaterSources
(©)

Below are the listed names for each subgroup for reference:

Hydrologic Regions:
1. North Coast

2. San Francisco Bay

3. San Joaquin River

4. Central Coast

5. Tulare Lake

6. South Coast

7. Sacramento River

8. North Lahontan

9. South Lahontan

10. Colorado River
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Crops:

. Corn

. Cotton

. Dry Beans

. Grains (wheat, oats, barley, etc.)

. Safflower

. Sugarbeet

. Other Field Crops (sorghum, sunflower, sudangrass, etc.)
. Alfalfa

. Pasture

10. Cucurbit (melons, squash, cucumber, etc.)

11. Onions and Garlic

12. Potato

13. Tomato (Fresh)

14. Tomato (Process)

15. Other Truck Crops (carrots, celery, cauliflower, broccoli strawberries, asparagus, etc.)
16. Almond and Pistachio

17. Other Deciduous (apples, peaches, prunes, pears, etc.)
18. Subtropical Trees (olives, avocado, citrus, dates, etc.)
19. Turfgrass and Landscape

20. Vineyard

OO ~NO U WN P

Irrigation Types:
1. Gravity
2. Sprinkler
3. Low Volume
4. Other

Irrigation Methods:

. Subsurface-Subsurface

. Surface-Wildflood

. Surface-Border

. Surface-Basin

. Surface-Furrow

. Surface-Sprinkler-SideRoll
. Surface-Sprinkler-Handmove
. Sprinkler-Permanent

. Sprinkler-Handmove

10. Sprinkler-Linearmove

11. Sprinkler-SideRoll

12. Sprinkler-MicroMini

13. Sprinkler-HosePull

14. Sprinkler-CenterPivot

15. Drip-AboveGround

16. Drip-Buried

O©CoOoO~NO O WDN P
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Water Sources:
A) Surface
B) Groundwater
C) Both

DATA SOURCES

The data used to form the database was compiled from statewide irrigation surveys from 2001
(Orang et al 2008) and 2010 (DWR 2011). These data were compiled by county and surveys
were sent to 10,000 randomized farmers from various counties within the state. Regional data
was composed by the summation of county data within each region. Where regional and county
boundaries overlapped, a distribution of the crops was composed based off of data from the
DWR Land & Water Use Survey for various years. For these counties a percentage of crop
values were added to each appropriate region. The limited sample size of returned surveys makes
these data a sample set prone to skewed or inaccurate representations of crop and irrigation
methods.

Data from the Agriculture Commissioner report for 2010 was delineated by county and
distributed into regions similar as to that described above. This report covers a more

comprehensive population based value that will be compared to the Irrigation Survey data within
our analysis.

CONNECTING TO DATABASE

In order to connect to the database first download the database file from the website. If needed,
unzip the file and save in an easily navigable folder on your computer.

Next, open ArcCatalog and select the ‘connect to folder’ in the second to upper toolbar. Navigate
to the geo-database folder and Select.
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| #5) ArcCatalog - Arclnfo - C:\Useri\lmleﬂ?ﬁ\[]sldoﬂ“ﬂacms\[rr

File i} View Go Geoprocessing Custornize  Wir
1-( ) Bl % QEEE
Location: C:\Users'kale 876" Desktop Macros\Imgation_Survey_Cou
HEEE

Contents | Preview I Description|

Name:  TS_County_to_Crop_AGDATA_Total
Type: Personal Geodatabase Table

T5_County_to_Crop_AGDATA_Total

If the icon is not visible in the toolbar select File, then click on the ‘Connect to Folder.’

After ArcCatalog is connected to the geo-database folder save and exit out of ArcCatalog. This is
to trouble shoot possible errors that occur when both ArcCatalog and ArcMap are open. Now
open ArcMap and open the Catalog Window located in the right side of the upper toolbar.

3 Untitled - ArcMap - Ardinfo

File Edit View Bookmarks Insert Selection Geoprocessing Customize

O E & = & -
HEM@IELT k| @ M8
Table Of Contents 1 x

b .L_:'\@ =

There are no items to show.

Now that ArcMap is connected to the Geo-database and the catalog window is open, right click
the geo-database line and select ‘Make Default Database’. In order to have a visual map appear,
left-click the database to expand the list of feature and relationship classes. Highlight the shape
file named “DWR_Hidrologic_Regions” and drag it into the Table of Contents of the ArcMap

window.
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B Untitled - ArcMap -
File Edit View Bookmarks
OpEa B x
®HA MO

-83 -
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Customize Windows Help

[ E@EE O e 2

H xﬁ ,{ov = Editor = A
Catalog
ey (@

Location: [ Irrigation_Survey_HydRegion_Compiled. mdb

iz Home - Documents\ArciGIS
B £ Addlns
F [ Default
H & Toolbox
] Folder Connections
H £ C:\Users\kale876'Desktop
P £ C:\Users\kaleB76'Desktop\Irrigation Efficiency Prelim Dt
H £ CAUsers\kaleB76\Desktop\Macros
Counties
T Hyd_Region
a Irrigation_Survey_County_Final(Oct2010_2001)
=) L3 Irigation_Survey_HydRegion_Compiled
'ﬁ Original_Files

% Crop_has_IrrType
% Crop_has_WaterSource
DWR_Hidrolegic_Regions

% HYDRegion_has_Crops
HYDRegions_Defined

% IrfMethod_has_WaterSource
% IrrType_has_IrrMethod
TS_Crop_to_InType
TS_Crop_to_WaterSource
S_HYDRegicon_te_Crop_AgData2010
TS IrMethod_to_WaterSource
TS IrrType_to_Inrbethod
2010_Ag_ComData

@] AGDATA

@ AGDataManipulation

Copy of SIE Program

Toolboxes

Database Servers

< | . 2

m

Vol 4 Reference Guide

Spatial Analysis of Application Efficiencies in Irrigation for the State of California

Page 93



Topic: Crop Water Use Spatial Analysis of Application Efficiencies in Irrigation for the State of California

The map of California’s Hydrologic Regions should appear in the window as displayed below.
From this view we are able to use ArcMap and the data in the geo-database in a visually
integrative analysis.

Q@ Untited - aec - v

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help

DeEa& B o < - | 1:10.000.000 - [;]@E Pa [ n2 -
Q@ 3l @ FE-TI8 @ 78 2 KBS TR o
Table Of Contents 7%
Layers
| Ci\Users\kale876\Desktop'\Macrg
.
O

UTILIZING GEODATABASE FEATURES

There are two ways to select data and features within ArcMap. This includes manual selection
(i.e. dragging the cursor over the desired region or selection by attribute (i.e. specify region with
more than 20,000 acres of corn). Below are two examples that show the inquiry interface of
ArcMap and how this tool is useful for the spatial and temporal analysis of the Irrigation Survey
and Agriculture Commissioner Data.

2. MANUAL SELECTION

Make sure that ArcMap is open and connected to the Hydrologic Regions database so that the
shape file displays the regional map as seen in the last figure. In the lower toolbar, left click the

50 - icon. A list of options will appear including: ‘Select by Rectangle’ and “Select by
Polygon’. After selecting an option, double-click the area on the map of the region (s) of
particular interest. The borders of the regions touching the shape that is created will become
highlighted showing that the features have been selected.
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EXAMPLE

Select the three hydrologic regions that border the state of Oregon. First, double click the icon in
the toolbar and select the option to “Select by Rectangle’. Click, hold, and drag to create a
rectangle on the map that touches all three regions (North Coast, Sacramento River, and North
Lahontan). Once the rectangle is in the desired area release your click and the desired regions
should be outlined in a different color signifying that they have been selected.

ntitled - ArcMap -

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help

TDRES L BE X0 o d - 160000 - EEEET P a2,
QM@ i« M- Eix@ A8 TR ediorr

Table Of Contents 1 x

' ::{}@; =]

Layers

|3 C\Users\kale876\ Desktop\Macro|

o @ [
=

B TS_HYDRegion_to_Crop_AgD
B TS_Crop_to_InType

BE TS_InType_to_IrMethod

B TS_InmMethod_to_WaterSourcy
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3. ACCESSING THE ATTRITUBE TABLE AND RELATED TABLES

Spatial Analysis of Application Efficiencies in Irrigation for the State of California

After the selection has been made, then we can open the attributes tables in order to see more
detailed data regarding our selection. To open the attributes table right-click the
‘DWR_Hidrologic_Regions’ line displayed in the layers.

Table Of Contents

i,}

a@; u

Layers

L Ch\Users\kale876\Desktop'\Macro
= DWR_Hidrolegic_Regicns

O

B4 TS_HYDRegion_to_Crop_figD

B T5_Crop_to IrType
B TSInType_to IrrMethod

B TS IrMethod_to WaterSourc

From the drop down menu select ‘Open Attributes Table’. The titles in the attribute table are
termed “fields’ and have different values for the properties of the regions. The tab at the bottom
of the table enables the viewing of all of the data as well as only viewing the data of the selected

features.
Table (=]
H-B RROE
DWR_Hidrologic_Regions X
OBJECTID® | Shape* AREA PERIMETER ACRES | HR_CODE* HR_NAME FeaturelD* | Shape_Length
3 1 | Polygon 50416814444.8052 | 1890430.16841 | 124582163 [ 01 North Coast 1 [ 1890430.173298
7 | Polygon 70451625871.8282 | 2025663.38064 | 17408906.3 | 05 Sacramento River 7| 2025663380595
8 | Polygon 15834901399.2743 | 1401079.48461 | 39128737 [08 North Lahentan 8| 1401079.485076
<[ 2 1 b
T 1+ o |B[E] §outof10 selected)
DWR_Hidrologic_Regions
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Spatial Analysis of Application Efficiencies in Irrigation for the State of California

The creation of relationship classes within the database enables access to additional information
pertaining to the hydrologic regions including: crops, irrigation methods, water source, etc. To
access these data values from the attribute table click on the ‘Related Tables’ icon in the
attributes table toolbar.

Table ~, =]
SR EEL;
DWER._ ogic_Regions x
OBJECTID * Shape * AREA PERIMETER ACRES HR_CODE * HR_MNAME FeaturelD * Shape_Length
] 1 | Polygon 50416514444 8052 | 1890430.16841 | 12458216.3 |01 North Coast 1 1890430.173298
7 | Polygon 70451625871.8282 | 2025663.38064 | 17408906.3 | 05 Sacramento River T | 2025563.380595
2 | Polygon 15834901399.2743 | 1401079.43461 39128737 (08 North Lahontan 3| 1401079.485076

From the drop down menu we see that the hydrologic regions are connected to the data time
series for the crops. This is labeled by the name of the relationship class and then the table for the
time series of crops. Left-click and notice that the field names in the table have changed. The
new table displays the crop time series data. Note that there are tabs at the bottom of the table to
navigate back to the original hydrologic regions table.

Table =]
R
TS_HYDRegion_te_Crop_AgData2010 x
OBJECTID * FeatlD * Crop_ID Crop_Full_Name Crop_Description .
» 1 1 T | Other Field crops sorghum, sunflower, sudangrass, etc.
2 1 8 | Alfalfa <Nul=
3 1 15 | Other Truck Crops carrots, celery, cauliflower, broccoli, strawberries, asparagus, etc.
4 1 20 | Vineyard <Nulk=
5 1 3 | Dry beans =<Mull= E
11 1 4 | Grains wheat, oats, barley, etc.
T 1 S | Pasture excluding grass hay
8 1 11 | Onion&Garlic <Mull=
9 1 12 | Potato =MNulk=
10 1 17 | Other Deciduous apples, peaches, prunes, pears, etc. N
11 1 18 | Subtropical Trees olives, avocado, citrus, dates, etc.
12 1 1 | Corn <MNulk=
13 1 § | Sugarbeet <Mull>
14 1 10 | Cucurbit melons, squash, cucumbers, etc.
15 1 13 | Tomato (fresh) <Nulk=
16 1 18 | Almond & Pistacio =<Mull=
17 1 19 | Turfgrass & landscape <Nulk=
112 T 1 | Corn =<Mull=
113 i 4 | Grains wheat, cats, barley, etc.
114 Tl T | Other Field crops sorghum, sunflower, sudangrass, etc.
115 T 2 | Alfalfa =Null= -
4| 1 3
TR 1 v B (45 out of 159 Selected)
DWR_Hidrelogic_Regions | TS_HYDRegion_te_Crop_AgData2010 |
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The data in the newer table pertains to the crops that are grown in the selected regions and their
acreage and yield. By scrolling to the right, notice that there are fields for data from the Irrigation
Survey for 2001, 2010, and Agriculture Commissioner for 2010. Click the *Related Tables’ icon
while the crops table is open to see that the crops are connected to values for the water source
and the irrigation type. To more easily visualize the connections between the data in the
attributes table refer to the figure below.

Irnigation Irnigation Water
Types (4) Methods (16) Sources (3)

Hydrologic
Regions (10)

4.
5. SELECTION BY ATTRIBUTES

Selection by attributes is one of the most useful features obtained by transferring data from an
excel file into a geo-database. In order to select by attribute, left-click the *Selection’ tab in the
toolbar of ArcMap.

(0 Untitled - ArcMap - A

File Edit View Bookmarks Insert @ Geoprocessing  Customize  Windows  Help
Cead s B x| o ~haA25000 ] EEEE O P r? .
RAW@ e E-T Ik O MBS TRl Edior-

]

Table Of Contents *
%[0S 8 =

Layers

[_# C:\Users\kale876\Desktop\Macro

=] DWR_Hidrologic_Regions
O

B TS_HYDRegion_to_Crop_AgD
B TS_Crop_to_InType

B TS.InType_to_IrrMethod

B TS IrrMethod_to_WaterSourc:
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The “Select by Attributes’ dialogue allows us to make statements to refine the data selection. To
visibly see the selections have the ‘DWR_Hidrologic_Regions’ attribute table open along with
the ‘Select by Attributes’ dialogue box. The Attributes dialogue box can also be accessed
through the Attributes table toolbar by clicking on the ‘Select by Attributes’ icon.

Table

ERAR-T AL
T5_Crop_to_
" OBJECTID * Feat_Crop_ID* Type_ID | Type_Hame Feat_Crop

Attributes are selected in the dialogue box through the formation of statements, which will be
further displayed in the example below. After the statement is form, Select Apply. The
highlighted data displayed will adhere to the criteria of the statement.

EXAMPLE:

Goal: Specify the Crops in the Sacramento River Hydrologic region that have greater than 150
acres of Gravity driven irrigation type for years of 2001 and 2010 of the Irrigation survey data.

Clear any previous selections of the data by left-clicking the ‘Clear Selected Features’ icon in the
toolbar.

ntitled - ArcMap -

File Edit View Bookmarks Insert Selection Geoprocessing Customize  Windows  Help

DS Ell=) ) 1:6,091,295 v[;]@rggpn.?;

Qe M QI ‘EIR@ Bz RS T, it
Table Of Contents nx \__/
= :: :{-;_.ﬁ \@? a

Layers
3 Ch\Usershkaled 76\ DesktopiMacro

= Wl [l Fa¥al Aallata
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Left click the “Select by Attributes’ icon in the Attribute table in order access the dialogue box.
From here create the first statement: ‘[HR_NAME] = ‘Sacramento River’. Scroll down in the top
box to find [HR_NAME] and then double click. Create a statement by selecting the equals sign,
then *Get Unique Values’ and double clicking ‘Sacramento River’.

- .
Select by Attributes Iilﬁ

Enter a WHERE clause to select records in the table window.

Method : ’Create a new selection e

[AREA] -
[PERIMETER]
[ACRES]
[HR_CODE]
[HR_NAME] i

E Central Coast’ "

Colorado River'
Noth Coast
"Morth Lahontan®

"Sacramento River'

B "San Francisco Bay' =

m

m

Get Unique Values | Go Te:
SELECT * FROM DWR_Hidrologic_Regions WHERE:
[HR_MAME] = "Sacramento River] -
Clear ] [ Verify ] [ Help ] [ Load... ] [ Save... ]
[ fpy J[ Cose |

Once the statement is made, click ‘Apply’. This selects the Sacramento River Hydrologic region.
Click “View Selected Records’ at the bottom of the attribute table window in order to ensure that
the correct region is selected.

|

Table

EBL B EES

DWR_Hidrologic_Regions x
| oBsecTiD® | Shape* | AREA | PermeTeR | Acres | HR_cope- | HR_NAME | FeatureiD* | Shape_Length |
3l 7 [Polygon | 70451625871.8282 | 2025663.38064 | 17408906.3 [ 05 [ River | 7| 2025663.380595 |

I v

- ut of 10 Selected)

Now that the Sacramento River region is selected in order to refine the search further go to the
related tables tab. Navigate from regions to crops by selecting the related table labeled

]
o4 1r n

DWR_Hidrologic_Regions
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‘TS_HYDRegion_to_Crop_AgData2010’. This opens the crop data. From here navigate to
“TS_Crop_to_IrrType’. There should now be three related opened in tabs in the attribute table
window.

Table (=]
ERE- LR i Pk
T5_Crop_to_IrrType X
OBJECTID * Feat_Crop_ID* Type_ID | Type_Hame Feat_Crop_TypelD * TS_Value_2001 Units TS_Value_2001_Percent  »
» 332 | 071 1 | Gravity 070101 6599.1 | Acres 995 [ |
333 | 0701 2 | Sprinkler 070102 0 | Acres 0
334 | 0701 3 | Low Volume | 070103 0 | Acres 0
335 | 071 4 | Other 070104 35.38 | Acres 053 |=
336 | 0702 1 | Gravity 070201 78 | Acres 100
337 | 0703 1 | Gravity 070301 798 | Acres 100
338 | 0703 2 | Sprinkler 070302 0 | Acres .
339 | 0703 3 | Low Volume | 070303 0 | Acres 0
340 | 0704 1 | Gravity 070401 49741 | Acres 88
341 | 0704 2 | Sprinkler 070402 249.15 | Acres 441
342 | 0704 3 | Low Volume | 070403 0 | Acres 0
343 | 0704 4 | Other 070404 428.09 | Acres 758
344 | 0705 1 | Gravity 070501 4436 | Acres 80.7
345 | 0705 2 | Sprinkler 070502 106.14 | Acres 19.3
346 | 0705 4 | Other 070504 0 | Acres 0
347 | 0706 3 | Low Volume | 070603 0.0857 | Acres 100
348 | 0707 1 | Gravity 070701 2163.1 | Acres 97.4
349 | 0707 2 | Sprinkler 070702 56.891 | Acres 256
350 | 0707 3 | Low Volume | 070703 0 | Acres 0
351 | 0708 1 | Gravity 070801 74842 | Acres 71.2
352 | 0708 2 | Sprinkler 070802 2966.2 | Acres 282 .
4 | 1 3
Mo 1 v » | E[B] 65 out of 457 Selected)
l DWR_Hidrelogic_Regions lTS_HYDRegion_to_Crop_AgDataZUlU lTS_Crop_to_IrrType ]

Note that highlighted values are still values associated with the Sacramento River Hydrologic
Region.

-91-

CA Water Plan Update 2013 Vol 4 Reference Guide Page 101



Topic: Crop Water Use Spatial Analysis of Application Efficiencies in Irrigation for the State of California

From The “TS_Crop_to_IrrType’ tab we refine the search to those values of our specifics. Those
values include all of the crops with >150 acres for Gravity Type irrigation for both 2001 and
2010. From the *“TS_Crop_to_IrrType’ tab click ‘Select by Attributes’ in the window toolbar.
Make sure and change the “Method:” to ‘Select from current selection’. Create the statement:
[TS_Value_2001]>150 AND [TS_Value_2010]>150 AND [Type_Name]= ‘Gravity’.

Select “‘Apply’.

Select by Attributes ? 2

Enter a WHERE clause to select records in the table window.

Method : [Select from cument selection "]
[DBJECTID] N
[Feat_Crop_ID] | E |
[Type_ID] M
[Type_Mame]

[Feat_Crop_TypelD] 57

[ = ][ <>] [Uke] Gravity'

‘Low Volume'
[>H::-=][And] Cther'

[ = ] [ 51:] [ Or ] ‘Sprinkler’

A6 (o) ()
Get Unigue Values | Go Te:

SELECT = FROM T5_Crop_to_IrType WHERE:

[T5_Value_2001] =150 AND [TS_Value_2010] =150 AND -
[Type_Mame] = Grawvity’

Clear ][ Werify ][ Help ][ Load... ][ Save... ]

L fepy [ Close |

The final selection should have 12 out of 457 total values.

Note that there are many options and operators in order to form statements and refine the data,
along with all of the different tabs for the related tables.
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EXPORTING DATA

After manipulating data in the attributes table to specified values it is possible to export data as a
table into Excel. First left click the “Table Options’ in the Toolbar. From here select the Export...
option.

(e, B
EREECTE
Region_to_Crop_AgData2010 x
OBJECTID* FeatlD * Crop_ID Crop_Full_Name Crop_Description Feat Crop_ID* TS_2001 u
» 57 4 3 | Dry beans =Mull= 0403 423 | Ac
58 4 4 | Grains wheat, oats, barley, etc. 0404 412 | Ac
59 4 T | Other Field crops sorghum, sunflower, sudangrass, efc. 0407 210 | Ac
&0 4 & | Alfalfa =Mull= 0408 50 | Ac
61 4 9 | Pasture excluding grass hay 0409 272 | Ac
62 4 15 | Other Truck Crops carrots, celery, cauliflower, broccoli, strawberries, asparagus, etc. 0415 22801 | Ac
63 4 17 | Other Deciduous apples, peaches, prunes, pears, sic 0417 9645 | Ac
64 4 18 | Subtropical Trees olives, avocado, citrus, dates, etc. 0418 9495 | Ac
65 4 10 | Cucurbit melons, squash, cucumbers, etc. 0410 72| Ac
66 4 11 | Onion&Garlic =Mull= 0411 238 | Ac
67 4 13 | Tomato (fresh) <Nulk= 0413 307 | Ac
68 4 14 | Tomato (process) <Mull= 0414 0|Ac
68 4 18 | Turfgrass & landscape =Mull= 0418 8 |Ac
70 4 20 | Vineyard <Nulk= 0420 14847 | Ac
T 4 1 |Corn <Null= 0401 14 | Ac
72 4 12 | Potato =Mull= 0412 1| Ac
73 4 16 | Almond & Pistacio <Null= 0418 2355 | Ac
< g T 3
[T 1+ n BB a7 out of 159 Selected)
DWH_Hidrologic_Regions | T3 HYDRegion.to Crop. AqData 010!

The “Export Data’ pop up window will have a top drop- down menu. From here either export the
entirety of the attribute table or only the selected features. From the Export table: left-click the
folder at the end of the “‘Output table:” line to open the ‘Saving Data’ pop up window.

Export Data —p L (S|

Export: |Selected records v]

Use the same coordinate system as:
this layer's source data
the data frame

the feature dataset you export the data into
(only applies if you export to a feature dataset in a geodatabase)

Qutput table:
CAUsersMale 8764 Desktop \Macros'\Hyd_Region'\Export_Output dbf

0K l [ Cancel

In the Saving Data pop up window create a recognizable name for the exported data. In the
“Save as type:” Select “Text File” and then *Save’.
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Saving Data

et

Look in: [E Hyd_Region

']ﬁa{btﬁ|§§§'|gﬂ|ﬁjL) &

TS WaterSource_2010 xlsx
T5 WaterSource_2001 xlsx
T5_ Type_to_Method_Total.xdsx
T5_MethodtoSource_Total xlsx

T5_CroptoSource_Total.xlsx
T5_Crop_to_Type_Total.xlsx
T5_AGDATATable_Final.xlsx
T5 AGComData_Total.xlsx

4| 1

TS5 Irrigation Method Survey Data_All_Filtered.xls

Table_Water_Sourcexlsx
HRCode_to_Crop_Total.xdsx
HRCODE_Table.xlsx

&l 2010 Irrigation Method Survey [
[&] 2001 Irrigation Method Survey [
Ets_agdatatable_ﬁnal

3

Mame: Export_Output, dbf [ SEU'
Save as type: [Fi]e and Personal Geodatabase tables '] [ Cancel ]

Spatial Analysis of Application Efficiencies in Irrigation for the State of California

In order to retrieve the data, open Microsoft Excel and create a new workbook. In the data tab of

the toolbar select ‘Get External Data From Text’.

i 9™~ Eni= .

m_H e sert Page Layout Formulas Data Review
: 3 : =N o = (@] Connections 4
L% 5 =i ST e
From  From rom Other Existin_g Refresh o %l
Access  Web Sources - Connections L

et BAternal Data Connections
Al - J‘i|
A B C D E F G
1
2
3

a
5
]

7

B8

9
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In the “Import Text File’ dialog box navigate to the folder with the previously exported text file

and select the name and ‘Import’.

[E] Import Text File

Spatial Analysis of Application Efficiencies in Irrigation for the State of California

mﬁvl » Macros » Counties

- |+,| | Search Counties

Organize Mew folder

I‘A_T-l Microsoft Excel Mame

Date modified Type

| AGDataAdded 9/4/201211:37 AM  Text Document 148 KB
- Faverites

Bl Desktop

& Downloads 3

=l Recent Places

=l Libraries
] Documents
-. Music
| Pictures

B Videos

1M Computer -

File name: AGDataAdded ~  |TextFiles

= |

Tools = ’ Import 17] | Cancel |

The ‘Text Import Wizard” pop up window should appear. The data exported from ArcMap is
delimited, which should be the default option. Click Next. In Step 2 of the Import Wizard make
checks next to the “Tab’ and *Comma’ then click Next.

[P |

This screen lets you set the delimiters your data contains. You can see how your text is affected in the preview
below.

Text Import Wizard - Step 2 of 3

Delimiters
Tab

[ semicolon
D Space
[ other:

[ Treat consecutive delimiters as one

[=]

Text gualifier: |~

Data preview

BJECTID Feat_ID Ordered [[SCropID rop Wame Crop Description eat_Crop| +

-000000 0.000000 Fineyard 1z0
.000000 .000a00 asture xcluding grass hay Q2035
-000000 -000000 asture xcluding grass hay 203
-000000 .000000 ry beans 403 -
L] 1l b
I Cancel ‘ l < Back ‘ [ Mext = i I Finish ‘

Default settings for Step 3 are sufficient, click Finish. A small import data window appears and
unless the data must be put in a specific area of the workbook the settings should be appropriate,
so click ‘OK’. The data along with the headings should now appear in the columns of the
workbook page. From excel it is possible to further filter the data (also located in the Data tab of
the toolbar). If the workbook is saved in this format with titles in Line 1 and data in the
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preceding columns it is easy to add this data as a table to the existing or to a new database. This
is further explained below in the *Creating a Feature Classes’ section.

STATISTICAL ANALYSIS FEATURES OF ARCMAP

There are built in statistical analysis features within ArcMap that can be accessed through the
attributes table. Right click the field title (highlighted below) and select *Statistic...” from the
drop down menu.

Table =]
EEE LR
TS _Crop_to_InType X
o
Type_ID | Type_Name Feat_Crop_TypelD* TS _Value_2001 Units TS_Value_2001_Percent TS Value 2010 Units1 TS_Value_2010_Percent
1 | Gravity 070101 6599 1 | Acres 995 T975.9 | Acres 871
1 | Gravity 070301 798 | Acres 100 3190.9 | Acres 86.9
1 | Gravity 070401 49741 | Acres a8 12321 | Acres 7841
1 | Gravity 070501 443186 | Acres 807 15527 | Acres 80
1 | Gravity 070701 2163.1 | Acres 97.4 7610.1 | Acres 80.7
1 | Gravity ovoa0 74842 | Acres 7.2 19822 | Acres 757
1 | Gravity 070301 9307.2 | Acres 733 13848 | Acres 24
1 | Gravity 071001 177 | Acres 100 95419 | Acres 493
1 | Gravity 071401 7049 | Acres 248 0461.6 | Acres 813
1 | Gravity 071601 71525 | Acres 6.76 88573 | Acres 207
1 | Gravity 071701 4136.2 | Acres 3.5 6647 | Acres 16.1
1 | Gravity 071801 605 | Acres 328 B37.52 | Acres 172
« [ it |+
o4 0 » | B[S 12 outof 457 Selected)
DWR_Hidrologic_Regions | TS HYDRegion_to_Crop_AgData2010 | T5_Crop_to_InType

The new pop up window shows standard statistical analysis features including: frequency
distribution, count, minimum vales, maximum vales, sum, mean, and standard deviation.

Selection Statistics of TS_Crop_to InrType l Pl
-

Field
I v Frequency Distribution
Statistics:
Count: 65 20
Minimum: 0 40
Meodmurm: 9307.2
Sum: 733125233 30
Mean:  1127.291128
Standard Deviation: 2121.751485 20

10

0
- - 0.0 18781 3756.1 HB6342 75122
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ADVANCED: REDEFINING THE DATABASE
IMPORT A TABLE TO DATABASE

First, format data in Microsoft Excel so that row A are desired field titles and columns are the
data values. Save the file in an easily retrievable place and with a descriptive title. Open
ArcCatalog and navigate to the database. Right click the database and select ‘Import” from the
drop-down menu. From the expansion of the ‘Import’ select ‘Table (Single)’. The Table to Table
pop up window should appear.

., Table to Table =B %

¢ Input Rows

Qutput Location
C:\Jsers'kaled76\Desktop\Macros\Irrigation_Survey_County_Final(Oct2010_2001).mdb
» Output Table

B @

Expression {optional)

Field Map (optional)

m

CIREINEIRE I

[ OK ] [ Cancel I [Envirunmems... ] [ Show Help >> ]

In the “Input Rows” line select the folder at the end of the line and navigate to the Microsoft
Excel file where the data is saved. Once the correct workbook sheet is selected, click ‘Add’ in
the bottom right hand corner.

! Input Rows £
Look in: [ TS_AGDATATable_Final. xdsx v] i | = v| £ EI| Bl G
£2] Total CropCntyHydRegionSAGDataToalHydRegions
[£Z] Total CropCntyHydRegion$
I
]
L
Name: TotalCropCntyHydRegions
Show of type: () fiters listed, v [ conel |
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Next, in the ‘Output Table’ line create a name for the table that will appear in the database.
Within the ‘Field Map’ make sure that the desired fields of data are present. Use the “+” and *X’
to add and delete necessary fields.

#, Table to Table

Input Rows
C:\Users'kaled76\Desktop\Macros\Hyd_Region'TS_AGDATATable_Final. xsx\TotalCropCntyHydRegions @
Qutput Location

C:\Users'kale875\Desktop\Macros\Irrigation_Survey_County_Final(Oct2010_2001).mdb

& Output Table

Expression (optional)

Field Map (optional)

y

[#-FeatlD (Double)

- Crop_ID (Double)

- Crop_Full_Name (Text)

+- Crop_Description (Text)

-- Feat_Crop_ID (Text)

1 T5_2001 (Double)

11- Units (Text)

- TS_2001_Percentage (Double)
+)- T5_2010 {Double)

+- Units1 (Text)

- T5_2010_Percentage (Double)
- TS_AgComm_2010 (Double)
- Units_1 (Text)

- Percentage (Double)

- Price_per_Dollar {Double)

m

« 56 &) @
S

[

Ok

] [ Cancel

] [Environmems... ] [ Show Help >> ]

Select OK. The newly created table should appear under the geo-database title when expanded in
the Catalog Tree or in the *Contents’ when the database is selected in the Catalog Tree window.

2010_2001).md|

HEE

Catalog Tree

Help

File Edit View Go Geoprocessing Customize Windows
=] El X oa DEQE%EgW.?:

I x

Location: C:\Users'kale876\Desktop\Macros\migation_Survey_Courty_Final(Oct2010_2001)mdb  ~ _

Contents |F‘review | Descript\cnl

[zl
=B
=23
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= E5 Folder Connections
=l £ C\Users\kaleBT6\Desktop
E3 dau_v2_CA105
3 HYD Region Distributions
[E Irrigation Efficiency Prelim Documents
3 Irrigation Survey
= B3 Macros

Counties

Hyd_Region
Irrigation_Survey_County_Final(Oct2010_2001)
27 ariginal_Files

% County_has_Crops
CountyShapes_Ordered
CountyShapes_Crdered_Final
% Crop_has IrrigationType

%’ Crop_has_WaterSource

%’ IrrMethod_has_WaterSource

% InType_has_IrMethod
TS_County_to_Crop_AGData2010
TS_Crop_to_IrrigationType
TS_Crop_to_WaterSource
TS_IrrMethod_te_WaterSource

TS InType_to_IrrMethod

-

m

TS InType_to_IrrMethod

TS IrMethed_to_WaterSource
T5_Crop_te_WaterSource
T5_Crop_to_IrrigationType
EZT5_County_to_Crop_AGData2010
% IrrType_has_IrMethod

% IrrMethod_has_WaterSource
% Crop_has_WaterSource

% Crop_has_IrrigationType

l@ CountyShapes_Ordered_Final
CountyShapes_Ordered

% County_has_Crops

ﬁ Original_Files
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CREATING RELATIONSHIP CLASSES

A relationship class connects two tables within a database based on one overlapping field index
in each table, while still keeping the tables separate. This enables the connection of one feature in
a table to many related features in another table. For example, to connect from one hydrologic
region to twenty crops. This organizes data in a branching network that can be easily accessed in
ArcMap.

In order to create a relationship class open ArcCatalog and make sure that the geo-database has
the two tables present, with one shared field between the two tables. Right-click the geo-database
title in the “Catalog Tree’. From the drop down menu select “New’ and from the expansion select
‘Relationship Class...” The following ‘New Relationship Class’ pop-up window should appear.

MNew Relationship Class ? P

Mame of the relationship class:

Select the table feature classes that will be associated by this relationship class.

Origin tablefeature class:

2~ Original_Files i A relationship class is a collection of
- CourtyShapes_Crdered relationships between ohjects in two
- CourtyShapes_Ordered_Final E tables/feature classes.

- TS_County_to_Crop_AGData2010
- TS_Crop_to_Imigation Type

- TS_Crop_to_WaterSource

. TQ lehilathnd n WistarSmrma

Destination table/feature class:

#- Original_Files -
- County Shapes_Crdered

- CountyShapes_Ordered _Final 3
- T5_County_to_Crop_AGData2010

- T5_Crop_to_lmigation Type Parcels are owned by owners.

- T5_Crop_to_WaterSource Owniers own parcels.
. T2 lerblatbind +n W tarSrmiirma

< Back Mead = Cancel
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First create a name for the relationship class. Select one line in the ‘Origin table/feature class:’
and one from the ‘Destination table/feature class:’. These are the two titles of the existing tables
that are being related to one another. Then select Next. For the construction of the Hydrologic
Regions database a simple (peer to peer) relationship class has been made. This is the default
setting so select ‘Next’. On the next screen select ‘Both’. This allows for navigation both
forwards and backwards within the attribute table selections in ArcMap.

Mew Relationship Class ? P

Specify a label for the relationship as it is traversed from the
origin tablefeature class to the destination table feature class.

TS_County_to_Crop_AGData2010

Specify a label for the relationship as it is traversed from the
destination table feature class to the orgin table Aeature class.

CountyShapes_Ondered_Final
Which direction will messages be propagated between the
objects related by this relationship class?
_) Forward ({origin to destination)
_) Backward (destination to origin)
@) Bath

(T Tone [no messages propagated)

<Back || MNea> | | Cancsl

Select Next.
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Based on the type of data that is being added the relationship between values in one table to the

other may have one to one relationship, a one to many relationship, or many to many
relationship. The Hydrologic Regions database uses a one to many relationship class.

Mew Relationship Class @Ié]

Select the cardinality for this relationship class (origin - destination).

Ina 1-M (one to mary) relationship, each

By object in the origin tablefeature class can
1-1fone to one) be related to muttiple objects in the
_ destination table feature class.
@ 1-M {one to many)
M - N {mary to ma Pancels Owners
S ) Table/Feature Table/Feature
Class Class

Mote: i this is @ composite relationship
class, then the cardinality must be 1-1
(oneto-one) or 1-M (one-to-many)

<Back || Net> | [ Cancel

Select the appropriate and “Next’.

The next prompt asks if the data should have attributes, default settings are most typically used

so select “Next’.
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The next prompt indicates the specific fields that relate the data in the two tables. From the drop
down lists select the desired fields. When formatting data in Excel it is convenient to have the
same title for the related field for clarity.

New Relationship Class . @I&J

Select the primary key in the origin table/feature class (generally, this will be the
object identffier field). i thisis a 1- M {one to many) relationship, you will also need
to select the foreign key in the destination table/feature class.

Select the primany key field in the orgin table/feature class:

|FeaturelD_Ordered ~|

Select the foreign key field in the destination table./festure class
that refers to the primary key field in the origin table/feature class:

| [ Feat_ID_Ordered -

[ <Back |[ Ned> | [ Cance |

**Trouble-shooting: If the fields that are desired to be connected do not appear in the crop down
menu then, open up the properties of the tables and make sure that the fields desired to be joined
are of the same type (i.e. text, double). To fix this go back to Excel and change the “Number’
type to the appropriate type. The two most common types include ‘Number’ and ‘Text’.

Z| & icrosoft Ex = | C
Home | Inset  Pagelayout  Formulas  Dasts  Review  View  Developer  Acrofat oo i
= A = mmm ) =5 | = p=tes A N Z
& cut Calibri S v A A || ®-  SiwnapTet General - }H j‘% L‘d e ok ] | T Adtesum ‘rtf ﬁ
152 copy ~ 2 - = : @] Fin~ 7
Paste _ B T U-~ o | By e Bl Merge & Center 4| § + % 3 | %2 ;0| Conditional Format Cell | Insert Delete Format Sort & Find &
~ < Format Painter = = cad Bl Mergen e 2 0 0 | Eormatting * as Table * Styles * - - - &2 Clear ~ Filter~ Select ~
Clipboard g Font 2 Alignment : Number & Styles Celis Editing
Al - £ | b ¥ v
A B c D E F G H 1 J K L M N o P Q R S T
a £
2
3
4
5
6
7
8
9
|l 10
11

Select Next.

Select Finish.
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The new relationship class should appear in the Catalog Tree underneath the geo-database title as
well as in the ‘Contents’.

File Edit View Go

i | Y

Geoprocessing

B xIs

EDBE

Catalog Tree

Customize Windows Help

B QEEFO T @

Location: C:\Users'kale876"Desktop \Macros'Imgation_Survey County_Final{Oct2010_2001)mdb =

1l

= 5 Folder Connections

Bl £ C:\Users\kale876\Desktop

OEE&BE

£ dau_v2_CA105
5 HYD Region Distributions
[ Irrigation Efficiency Prelim Documents
[ Irrigation Survey
£ Macros
3 Counties
3 Hyd_Region
=R ] Irrigation_Survey_County_Final(Oct2010_2001)
[ Original_Files
% County_has Crops
CountyShapes_Ordered
[El) CountyShapes_Ordered_Final
% Crop_has_IrrigationType
% Crop_has_WaterSource
% IrrMethod_has_WaterSource
% InType_has_IrrMethod
TS_County_to_Crop_AGData2010
T5_Crop_to_IrrigationType
TS_Crop_to_WaterSource
TS IrrMethod_to_WaterSource
TS IrrType_to_IrrMethod
13 Irrigation_Survey_HydRegion_Compiled
2010_Ag_ComData
AGDATA
AGDataManipulation
Copy of SIE Program
D County_MNames
[=1 Nata for lenna

<

I 2

m

Contents |F‘review I Description

TS IrrType_to_IrrMethod
T5_IrrMethod_te_WaterSource
TS_Crop_to_WaterSource
EEIT5_Crop_to_IrrigationType
ESIT5_County_to_Crop_AGData2010
% IrrType_has_IrrMethod

%IrrM ethod_has_WaterSource
% Crop_has_WaterSource

% Crop_has_IrrigationType

[El) CountyShapes_Ordered_Final
CountyShapes_Ordered

% County_has_Crops

[P Original_Files

Personal Geodatabase selected
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The relationship class is now created, however, to ensure that it functions correctly exit
ArcCatalog and open ArcMap. Navigate to the database and drag the shape file into the Table of
Contents so that the map appears and a layer is created. Open the attribute table and select the
‘Related Tables’. The new relationship class should appear. Another way to visualize the
branching network created by Relationship classes is to select ‘ldentify’ in the toolbar. Then
select the region of interest. The region will change color to denote that it is selected and an
‘Identify’ pop up window will appear.

1 Untited - ArcMap - Arcnfo ™

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help

Deda B 0 b .| 1609125 ] EEERE P
RE[@I 3L «= M- O Kk G5 B R TR . ¢ Editore , .
Table Of Contents 7 x \ Identify =]
88| .
e Idenify from:
ers
5 =1 D:\"J’R_Hidrolog\c_Regions
0 [#-Morth Coast

B3|
Location:  219,975.535 4,481,902,416 Meters =
Field Value
OBJECTID 1
Shape Polygon
AREA 50416814444.8052
PERIMETER 1850430.16341

ACRES 12458216.3
HR_CODE 01

HR._NAME Morth Coast
FeaturelD 1

Shape_Length 1890430.173298
Shape_Area  50416314444.2655

Identified 1 feature
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From the Identify window it is we are able to navigate through expanding the plus and minus

signs. Information retaining data is displayed in the ‘Field” and ‘Value’ areas below.

-105 -
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Identify IE\
Identfy from:

= DWR_Hidrologic_Regions
(= North Coast
[E-TS_HYDRegion_to_Crop_AgData2010

s

EI Caorn -
--TS_Crop_b:u_IrrTypE 1
--TS_Cer_bJ_\"u'aterSDurce

[H- Turfgrass & landscape

[+ Pasture

[#- Other Truck Crops

[#- Almond & Pistacdio

[#- Subtropical Trees

[#- Vineyard il

[l Mither Neridime

B
Location:  219,975.535 4,481,902.415 Meters -
Field Value
QBIECTID 1
Shape Palygon
AREA 50415814444.8052
FERIMETER 1390430, 16841
ACRES 12453216.3
HR_CODE 01
HR._MAME Morth Coast
FeaturelD 1
Shape_Length 1390430, 173298
Shape_Area 504168 14444, 2656
Identified 1 feature
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If there is data in two tables that are related by an index or specific field the data can be joined
into one table within ArcMap. In order to join tables make sure that both tables are imported to
the geo-database in ArcCatalog. Connect to the database in ArcMap. Click and drag the two
tables from the database in the Catalog Window into the Table of Contents window in ArcMap.

Untitled - ArcMap -

File Edit View Bookmarks Insert Selection

Geoprocessing  Customize  Windows Help

DRES B o | b+ | 1609129 ] EEEE O P2
RE[MQ@ 3l e K- O K@ 7B M2 QTR Editor
Table Of Contents 1 x
» e 2 & | [
. -v =2 =) — Catalog @
B = layers — - )
= 3 C\Users\kaleB76\Desktop\Macros)| i {b L-G| i ﬁ| %E-
= DWR_Hidrologic_Regions Location: T‘S_HYDRegion_ho_Crop_AgDataZD10 -
O = 2 Home - Documents\ArcGIS B

E2 HYDRegions_Defined
B3 TS_HYDRegion_to_Crop AgRat
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£ Addlns
L Default
@ Toolbox
=l B3 Folder Connections
Bl E5 C:\Users\kale876\Desktop
E5 dau_v2_CA105
2 HYD Region Distributions
[ Imigation Efficiency Prelim Documents
[ Iigation Survey
= EJ Macros
EJ Counties
5 Hyd_Region
'] Irrigation_Survey County_Final{Oct2010_200
™ =@ Irrigation_Survey_HydRegion_Compiled
20 Original_Files
% Crop_has_InType
% Crop_has_WaterSource
(&) DWR_Hidrologic_Regions
= HYDRegion_has_Crops
ES HYDRegions_Defined
% Irffethod_has_WaterSource
% IrrType_has_Irrhethod
T5_Crop_te_InType
T5_Crop_to_WaterSource
= T5_HYDRegion_to_Crop_AgData2010
TS IrrMethod_to_WaterSource
TS IrType_to_IrrMethod
2010_Ag_ComData
@] AGDATA
@AGDataManipulatinn il

<

m

e Py

< 1 | 2

R

Vol 4 Reference Guide

Page 116



Topic: Crop Water Use

Spatial Analysis of Application Efficiencies in Irrigation for the State of California

Right-click the destination table and from the drop down menu select “Joins and Relates’. From

the expansion select “Join’. The Join Data pop up window should appear as below.

P ®

Join Data

Join lets you append additional data to this layer's attribute table so you can,
for example, symbolize the layer's features using this data.

What do you want to join to this layer?

Join attributes from a table A

1. Choose the field in this layer that the join will be based on:

2. Choose the table to join to this layer, or load the table from disk:

HYDRegions_Defined ~| &)
| Show the attribute tables of layers in this list

3. Choose the field in the table to base the join on:

Join Options
@) Keep all records

All records in the target table are shown in the resulting table.
Unmatched records will contain null values for all fields being
appended into the target table from the join table.

Keep only matching records

If a record in the target table doesn't have a match in the join
table, that record is removed from the resulting target table.

About Joining Data K Cancel

In the “Join Data’ window, fill in the desired information as prompted including: choosing the
field in the layer to be joined, choose the table to join to this layer, and choose the field in the
table to bas the join on. There are options to keep all records or keep only matching records.
Note that if all records are kept, it is possible to delete unwanted fields in a later editing process

of the table.

Click ‘OK".

Open the attributes table of the already highlighted destination table. Scroll to the right in order
to see that all of the features of both tables are present. This data can now be exported, saved as a
text file, imported into ArcCatalog for storage in a geo-database.
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