CALAG Background

The CALAG model projects cropping patterns, land use, and water use statewide by considering land availability, water availability and cost, irrigation technology, market conditions, and production costs. In Update 2003, CALAG will be used to forecast future acreage, cropping patterns, and agricultural water use. The model will also be used to look at and compare study plans.

CALAG is a regional model of irrigated agricultural production and economics that simulates the decisions of agricultural producers (farmers) in California. The model assumes that farmers maximize profit subject to resource, technical, and market constraints. Farmers sell and buy in competitive markets, and no one farmer can affect or control the price of any commodity. To obtain a market solution, the model’s objective function maximizes the sum of producers’ surplus (net income) and consumers’ surplus (net value of the agricultural products to consumers) subject to the following relationships and restrictions:

(1) Linear, increasing marginal cost functions estimated using the technique of positive

mathematical programming. These functions incorporate acreage response elasticities that relate changes in crop acreage to changes in expected returns and other information;

(2) Commodity demand functions that relate market price to the total quantity produced;

(3) Irrigation technology tradeoff functions that describe the tradeoff between applied water and irrigation technology; and 

(4) A variety of constraints involving land and water availability and other legal, physical, and economic limitations.

The model selects those crops, water supplies, and irrigation technology that maximize profit subject to these equations and constraints. Profit is revenue minus costs. From 1 above, cost per acre increases as production increases. Revenue is irrigated acreage, times crop yield per acre, times crop price. From 2 above, crop price and revenue per acre decline as production increases. Component 3 affects costs and water use through the selection of the least-cost irrigation technology. Component 4 ensures that the model incorporates real-world hydrologic, economic, technical, and institutional constraints.

Traditional optimization models such as linear programming rely on data based on observed average conditions (e.g., average production costs, yields, and prices), which are expressed as fixed coefficients. As a result, these models tend to select crops with the highest average returns until resources (land, water, capital) are exhausted. The predicted crop mix is therefore less diverse than we observe in reality. The most widespread reason for diversity of crop mix is the underlying diversity in growing conditions and market conditions. Simply put, any crop-producing region includes a broad range of production conditions. All farms and plots of land do not produce under the same, average set of conditions; therefore, the marginal cost and revenue curves do not coincide with average cost and revenue curves.

Economic theory suggests that economic decisions are based on marginal (incremental) conditions, and that these differ from the average conditions. Positive Mathematical Programming (PMP) is a technique developed to incorporate both marginal and average conditions into an optimization model. In the conventional case of diminishing economic returns, productivity declines as output increases. Therefore, the marginal cost of producing another unit of crop increases as production increases and the marginal cost exceeds the average cost. The PMP technique uses this idea to reproduce the variety of crops observed in the data. Several possible or combined reasons for crop diversity are: diverse growing conditions that cause variation in production costs or yield; crop diversity to manage and reduce risk; and constraints in marketing or processing capacity. 

CALAG assumes that the diversity of crop mix is caused by factors that can be represented as increasing marginal production cost for each crop at a regional level. For example, CALAG costs per acre increase for cotton farmers as they expand production onto more acreage. The PMP approach used in CALAG uses empirical information on acreage responses and shadow prices—implicit prices of resources—based on standard linear programming techniques and a calibration period data set. The acreage response coefficients and shadow prices are used to calculate parameters of a quadratic cost function that is consistent with economic theory. The calibrated model will then predict exactly the original calibration data set, and can be used to predict impacts of specified policy changes such as changes in water supplies.

Calibration refers to the calculation of some model parameters in such a way that the model will predict a given set of target data. The CALAG is calibrated against two categories of information: irrigated acreage by crop and by region and applied water (or irrigation efficiency) by crop and by region. Each category represents the target parameter (e.g., acres by crop by region) and has one or more calibration parameters calculated or adjusted in order for the model to match the target. 

Another unique feature of CALAG is its treatment of the irrigation technologies. The CALAG includes tradeoff functions, or isoquants, between water use and irrigation system cost. For purposes of the CALAG irrigation tradeoff functions, water use is defined as applied water (AW) divided by evapotranspiration of applied water (ETAW). This ratio is referred to as Relative AW, and is the inverse of the most commonly used measure of field-level irrigation efficiency. Because ETAW varies regionally, using the ratio of AW to ETAW in the estimation allows the parameters of the tradeoff functions to be more site independent.

In the CALAG, both applied water and irrigation system cost are decision (endogenous) variables. Profit maximizing (or cost minimizing) conditions require that the ratio of water price to irrigation technology price be equal to the ratio of the marginal products of water and irrigation technology. CALAG operates using the General Algebraic Modeling System (GAMS) software.
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This chart highlights CALAG assumptions that the Modeling Work Group identified that Advisory Committee members should be aware of and review as modeling work moves forward. If you have questions regarding these assumptions, please contact facilitator Gina Bartlett (tel: 415-255-6805 or gbartlett@pacbell.net). The Modeling Work Group consists of staff and Advisory Committee members.

	CALAG Assumption

For Review


	Issue
	Modeling Work Group

Proposal

	Energy Costs
	Energy costs are important in determining cost of groundwater pumping and crop production costs. At issue is whether the short run dramatic increase in energy costs would continue or not.
	Use the historical trend not the current trend to help quantify energy costs. However, check with Energy Commission staff to be consistent with the Governor’s energy vision recommendation.

	Ag. Discharge Requirement 

(Runoff or drainage of irrigation water and fertilizer from ag lands)
	Drainage from ag lands has affected birds and other wildlife requiring agriculture to change its drainage practices. Regulated by the State Water Resources Control Board and EPA, ag discharge requirements have an impact on production costs (or even land availability since increased discharge costs can lead to land retirement).

Would the current standards apply to the future? Will tougher standards be required? Should lower standards be assumed for the future?
	Seek input of Central Valley Water Quality Control Board on using current levels of implementation as stipulated by the State Water Resources Control Board and EPA

	Irrigated Land Retirement
	The CALFED Record of Decision (ROD) recommends retiring approximately 200,000 acres of irrigated land. The land tends to have salinity or other problems. Should we consider only currently planned land retirement (e.g. CALFED)? More, which would lead to less land for ag? Less?
	Assume irrigated land retirement acres as currently planned in the CALFED ROD 

	Ag Water Use Efficiency
	Will impact water availability and cost. Water agencies/irrigation districts develop Efficient Water Management Plans (EWMPs) with implementation measures. Should we assume only cost effective EWMPs specified in the existing MOUs
? More water use efficiency? Less water use efiiciency?
	Define according to Table 1 of 2030 Planning Approach 

	Farm Policy – Crop Subsidy

Note: This is not a building block
	Has impact on profitability of affected crops, cropping patterns, and acreage. CALAG adds subsidies to crop market price. The trend has been to decrease subsidies. The farming community does not forecast a further cut. Is the current level an indication of support for subsidies in the future? More farm support in the future? Less support in the future?


	Because CALAG requires exact dollar amounts of subsidies per acre or pounds for participating crops, staff plan to use the current subsidy levels as reflected through recent legislation. 

Note: Staff do not have flexibility on this assumption. CALAG requires exact dollar amounts. Using current subsidy levels is the conservative analysis approach.

	Future Crop Yields

Note: This is not a building block
	Have significant impact on cropping pattern, acreage, and total water use. Would crop yields stay the same? Would they go down as a result of worsening water quality and salinity? Would crop yields go up as a result of genetic engineering and scientific breakthroughs? 
	Staff recommend using regression analysis (as used previously) to estimate future yield trends by looking at the past 30 years. Since this a very “mechanical” approach and not always accurate, staff consult experts to verify (“reality check”) these projections and revise according to experts’ recommendations, including the US Department of Agriculture.
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