Basic ASM

Anempiricd U.S. agricultural sector mode (heresfter caled ASM) forms the core of the
stochastic model. ASM is based on the work of Baumes which was later modified and expanded by
Burton and Martin; Tyner et d.; Adams, Hamilton, and McCarl; Tanyeri-Abur, Chang et d and
Lambert et dl.

Conceptudly, ASM is a price endogenous, mathematica programming model of the type
described in McCarl and Spreen. Congtant elasticity curves are used to represent domestic
consumption and export demands as well asinput and import supplies. Eladticities were assembled
from a number of sourcesincluding USDA through the USMP modeing team (House) and prior model
versons.

ASM isdesgned to smulate the effects of various changes in agricultura resource usage or
resources available, in turn determining the implications for prices, quantities produced, consumers and
producers welfare, exports, imports and food processing. In doing thisthe modd considers
production, processing, domestic consumption, imports, exports and input procurement.  The model
distinguishes between primary and secondary commodities with primary commodities being those
directly produced by the farms and secondary commodities being those involving processing. For
production purposes the U.S. is disaggregated into 63 geographica subregiong(Table 1). Each
subregion possesses different endowments of land, labor and water aswell as crop yieds. Agricultura
production is described by a set of regional budgetsfor cropsand livestock. ASM crop mix is
required to gppear in aconvex combination of historical crop mix proportions following McCarl.
Marketing and other costs are added to the budgets following the procedure described in Fgjardo,
McCarl, and Thompson such that the margina cost of each budget equas margind revenue. ASM dso
contains a et of nationa processing budgets which uses crop and livestock commodities asinputs.
There are dso import supply functions from the rest of the world for anumber of commodities. The
demand sector of the mode is condtituted by the intermediate use of al the primary and secondary
commaodities, domestic consumption use and exports.

There are 33 primary commoditiesin themodd. These arelisted in Table 2. The primary
commodities are chosen so as to depict the mgjority of tota agricultura production, land use and
economic vaue. They can be grouped into crops and livestock. The model incorporates processing of
the primary commodities. The production of primary commodities are regiondly specific, but the
processing of secondary commoditiesis donein the overall aggregate sector. Table 3 ligts the 37
secondary commodities that are processed in the model. These commaodities are chosen based on their
linkages to agriculture. Some primary commodities are inputs to the processing activities yieding these
secondary commodities and certain secondary products (feeds and by-products) are in turn inputs to
agriculture,

Three land types (crop land, pasture land, and land for grazing on an animal unit month bass)
are specified for each region. Land is available according to aregiona price dastic supply schedule
with arentd rate as reported in USDA farm red edtate Satistics. The labor input includes family and



hired [abor. A region-specific reservation wage and maximum amount of family [abor available reflect
the supply of family labor. The supply of hired labor congsts of a minimum inducement wage rate and a
subsequent price eastic supply. Water comes from surface and pumped ground water sources.
Surface water is available at a constant price, but pumped water is supplied according to a price dastic
supply schedule.

Conceptual Stochastic Model

Regiona crop yidds vary by ENSO event strength. Knowledge of yield outcome is imperfect
when agriculturd planting decisons are made. Therefore, the mode includes ayidd distribution(
following the modeing gpproach explained in Lambert et d). At the time of planting a number of yield
dtates of nature can occur but the farmer does not know which one will occur. In fact farmers must
choose crop mix consdering the weether probability distribution without knowledge of which exact
wegther event will occur. The mode depicts this usng atwo stage formulation as in Dantzig; Cocks;
McCarl and Parandvash; Lambert et a or Solow et d.

The analyss herein differs from the Solow et d and Adams et d andyses which used essentidly
the same model and approach in terms of the way ENSO events are incorporated and the way that the
El Nino event isvalued. Namely, in the prior work athree state definition of ENSO phase was used
for the stochastic outcomes (El Nino, La Nina, Neutral). Here we do not use ENSO phase in defining
states but rather define states for each of 22 historicaly observed years on which we have data(1972-
1993). We dso do not factor in producer reaction to ENSO phase information (i.e. in the prior work
the value of forecasting was derived by examining the benefits of producers making crop mix decisons
based on an anticipation of particular ENSO phase relative to a“ average weather” expectation). Here
we assumed the producer decision was done in the face of an “average weather” expectation
congdering the probability distribution of yields represented by the twenty-two year distribution with
each of the yidld events being equdly likely. Inturn we derived the costs of the severe El Nino event
by comparing economic returns under the savere1982 El Nino with average economic returns. This
yields an estimate of the economic effects that farmers and the agricultura sector would redlize when an
ENSO of event of the strength of the 1992 event occurs when farmers were expecting an average
event across the full spectrum of ENSO phases.

An Algebraic Representation

The modd framework is summarized by the following equations. The objective functionis



here parameters are typed in lower case or greek while variables are typed in upper case and the items
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indexes commodities,

indexes production process,

indexes regions,

indexes resources,

indexes the Sate defining dternaive yields,

is the probability thet yield state s arises,

consumption of i product under yidd state s,

excess demand quantity for commodity i under yield state s,
excess supply quantity for commodity | under yield state s,
factor supply for U.S. region k of resourcer,

inverse U.S. demand function for commodify i consumed under yield date s,
production cost when producing using dternative | in region k
production acreage under dterndivej in region k

inverse U.S. factor supply function for factor r in region k,
inverse excess demand function for commaodity i,

inverse excess supply function for commaodity i,

cost of | production process per acrein U.S. region k,
acreage of j™ production processin U.S. region k,

Storage codt in the U.S. for commodity i, and

quantity withdrawn from storage of commodity i in U.S. region k under yield
dsate s.

Thefirg two lines (just for now ignoring the stochadtic, yield Sate dimension ) contain the
perfectly elastic production costs associated with production processj (C;Xj,) less the area under the
regiond (k) factor supply curves. The next two lines are the area under the U.S. national demand
equations (IR(Q;s) d Q;s ), the area under the ROW excess demand curves minus the area under
excess supply curve for commodity i in region c. Findly the last line gives the cost of storage.



The modd is stochadtic in that the yields occur with varying frequency and consequences. It
dsoisamultiple stage modd in that adl terms and variables but those in the firgt two lines are yidd Sate
dependent while thefirgt lineis not. This assumes that production and factor use are set before the
specific yield state is known, but that demand and trade are set afterward given knowledge of
production (for more explanation see Lambert et d.). Thethird lineincludes multiplication by the
relevant probabilities. This renders the objective function a maximization of expected welfare and dso
yidds production choices where expected margina revenue is equated with margina cost.

The mode contains commodity baancesin the U.S. asfollows
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where supply from production on average (y) plus the difference due to yidd state (yr) times acreage
(X) plus that imported(FQS) plus withdrawa s from storage (QSTORW) is balanced off against
domestic demand (Q), exports (FQD) and additions to storage (QSTORA) for acommodity (i) under
yidd gate ().

The factor condraint for regionk inthe U.S. is
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wheref, isthe resource usage per acre for j™ production processing in region k for resourcer. This

equation balances factor supply (R) against usage by production (fX) in region k for factor r.

The storage bdance is
(6) § b [QSTORW, &QSTORA, | * O for al i
S

where probabaligticaly weighted net additions and withdrawas are equdl.



Refer ences

Adams, RM., SA. Hamilton, and B.A. McCarl. "The Benefits of Air Pollution Control: The Case of
Ozone and U.S. Agriculture” American Journd of Agricultural Economics,
68(1986):886-894.

Baumes, H. "A Partid Equilibrium Sector Mode of U.S. Agriculture Open to Trade: A Domestic
Agricultural and Agriculturd Trade Policy Andyss.” Ph.D. thess, Purdue University, 1978.

Burton, R.O., and M.A. Martin. "Regtrictions on Herbicide Use: An Analysis of Economic Impacts on
U.S. Agriculture North Centra Journad of Agricultural Economics, 9(1987):181-194.

Chang, C.C., B.A. McCarl, JW. Mjelde, and JW. Richardson. "Sectoral Implications of Farm
Program Modifications" American Journal of Agricultural Economics. 74(1992):38-49.

Chattin, B.L. "By-Product Utilization from Biomass Converson to Ethanol.” PhD. dissertation, Purdue
Univergity, 1982.

Cocks, K.D. ‘Discrete Stochastic Programming.” Management Science 15(1968):72-79.

Dantzig, G. “Linear Programming Under Uncertainty.” Management Science 1(1955):197-206.

Fgardo, D., B. A. McCarl, and R. L. Thompson. "A Multicommodity Andyssof Trade Policy Effect:
The Case of Nicaraguan Agriculture”. American Journd of Agricultura Economics,
63(1981):23-31.

Hamilton, SA. "The Economic Effects of Ozone on U.s. Agriculture: A Sector Modeling Approach.”
PhD. dissertation, Oregon State University, 1985.

House, RM. "USMP Regiond Agriculturd Modd." United States Department of Agriculture,
Economic Research Service, National Economics Divison, Draft, 1987.

Lambert, D.K., B.A. McCarl, Q. He, M.S. Kaylen, W. Rosenthal, C.C. Chang, and W.l. Nayda.
"Uncertain Yiddsin Sectord Wefare Andyss. An Application to Globa Warming.” _Journa
Agriculturd and Applied Economics Volume (December,1995):423-435.

McCarl, B.A. "Cropping Activitiesin Agriculturd Sector Models: A Methodologica Proposd.”
American Journd of Agricultural Economics. 64(1982):768-772.

McCarl, B.A. and G.H. Parandvash. “Irrigation Development versus Hydroelectric Generation: Can
Interruptible Irrigation Play aRole?” Western Journd of Agriculturd Economics
13(December,1988):267-276.




McCarl, B.A. and T.H. Spreen. "Price Endogenous Mathematical Programming Asa Tool For Sector
Andyss" American Journd of Agricultural Economics. 62(1980):87-102.

Norton, R. and G.W. Schiefer. "Agriculturd Sector Programming Models: A Review. European
Review of Agricultural Economics. 7(1980):229-64.

Solow, A. R., RF. Adams, K.J. Bryant, D.M. Legler, JJ. O Brien, B.A. McCarl, W.l. Nayda
"The Vaue of Improved ENSO prediction to U.S. Agriculture.” Climatic Change 39 (1998):
47-60.

Tanyeri-Abur, A. " An Agricultural Sector Analyss of the United States Sugar Import Policy.” Ph.D.
thes's, Texas A&M University, 1990.

Tyner, W., et d. "The Potentid of Producing Energy From Agriculture.” Purdue School of Agriculture,
Report to Office of Technology Assessment. 1979.

U.S. Department of Agriculture, FEDS Budgets, Economic Research Service, 1982.

U.S. Department of Agriculture, Agricultural Statigtics, 1987, U.S. Government Printing Office,
Washington, D.C., 1987.




Table 1. Regiond and Subregiond Disaggregation in the Sector Modd

NORTHEAST
Connecticut
Ddaware
Mane
Maryland

M assachusetts
New Hampshire
New Jersey
New Y ork
Pennsylvania
Rhode Idand
Vermont

MOUNTAIN
Arizona
Colorado
Idaho
Montana
New Mexico
Utah
Wyoming
Nevada

NORTHERN PLAINS
Kansas

Nebraska

North Dakota

South Dakota

APPALACHIAN
Kentucky

North Carolina
Tennessee
Virginia

Wes Virginia

CORNBELT
North lllinois
South Illinois
North Indiana
South Indiana
North East lowa
Centrd lowa
South lowa
West lowa
Missouri

North East Ohio
North West Ohio
South Ohio

LAKE STATES
Michigan
Minnesota
Wisconsn

DELTA STATES
Arkansas
Louisana
Mississippi

SOUTHERN PLAINS
Oklahoma

Texas Central Blacklands
Texas Coast Bend

Texas East

Texas Edwards Plateau
Texas High Plains

Texas Ralling Plains
Texas South

Texas Trans Pecos

SOUTHEAST
Alabama
Horida
Georgia

South Carolina

PACIFIC

North Cdifornia
South Cdifornia
Oregon
Washington



Table2. Primary Commodities

Crop Commodities Units Livestock Units
Commodities
1 Cotton Bdes 21 Cull Dairy Cows Head
2 Corn Bushel 22 Cull Dary Cdves  Head
3  Soybeans Bushel 23 Cull Beef Cows Cwt, LW
4  Whesat Bushd 24 Caves Cwt, LW
5 Sorghum Bushd 25 Yealings Cwt, LW
6 Rice Cwt 26 Non-Fed Beef Cwt, LW
7 Baley Bushel 27 Fed Beef Cwt, LW
8 Oats Bushel 28 Ved Caves Cwt, LW
9 Slage Ton 29 Cull Sows Cwt, LW
10 Hay Ton 30 Hogs Cwt, LW
11 Sugar Cane 1000 Ibs 31 Feeder Pigs Cwt, LW
12 Sugar Beets 1000 Ibs 32 Cull Ewws Cwt, LW
13 Potatoes Cwit 33 Wool Cwit
14  Fresh Tomatoes 25 |b. boxes 34 Feeder Lambs Cwt, LW
15 Processed Tomatoes Tons 35 Saughter Lambs Cwt, LW
16 Fresh Oranges 90 Ib. boxes 36 Unshorn Lambs Cwt, LW
17 Processed Oranges Tons 37 Wool Subsidy $
18 Fresh Grapefruits 85 Ib. boxes 38 Other Livestock GCAU
19 Processed Grapefruits 85 Ib. boxes 39 Broilers Cwt, LW
20 Milk Cwt 40 Turketys Cwt, LW
41 Eggs Thous. dozen

Note: LW indicates live waight
GCAU isgrain consuming animad unit.



Table 3. Secondary Commodities

Crop Commodities Units Livestock Units
Commodities

1 Soybean Medl Cwt 25 Sheep Protein Feed  Cwit
2 Soybean Qil 1000 Ibs 26 Egg Protein Feed Ib
3 Raw Sugar 1000 Ibs 27 Broiler Protein Feed  Ib
4 Refined Sugar 1000 Ibs 28 Turkey ProteinFeed |b
5 Corn Starch 1000 Ibs 29 Huid Milk Ib
6 Corn Gluten Feed 1000 Ibs 30 Skim Milk Ib
7 Corn Qil 1000 Ibs 31 Non Fat Dry Milk Ib
8 Ethanol 1000 Ibs 32 Cream Ib
9 HFCS 1000 Ibs 33 Butter Ib
10 Corn Syrup 1000 Ibs 34 Ice Cream Cwt,CW
11 Dextrose 1000 Ibs 35 American Cheese Cwt,CW
12 Confectioneries 1000 Ibs 36 Other Cheese Cwt,CW
13 Beverages 1000 Ibs 37 Cottage Cheese Cwt,CW
14 Baked Goods 1000 Ibs 38 Fed Beef Cwt,CW
15 Canned Goods 1000 Ibs 39 Non Fed Beef Cwt,CW
16 Dried Potatoes Cwt 40 Vedl Cwt,CW
17 Chipped Potatoes Cwt 41 Pork Cwt,CW
18 Frozen Potatoes Cwt 42 Chicken Cwt,DW
19 Feed Grains 1000 Ibs 43 Whole Turkeys Cwt,DW
20 Dairy Concentrate 1000 Ibs 44 Orange Juice 1000gds
21 Swine Protein Feed 1000 Ibs 45 Grapefruit Juice 1000gds
22 Cattle Protein Feed 1000 Ibs
23 Range Cubes 1000 Ibs
24 Cow Protein Feed 1000 Ibs

Note: Cw means carcass weight.



