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J Agricultural Economics 
Staff Paper No. 79-66 

October 26, 1979 · 

THE SIMPLIFIED U.S. MODEL (PRELIMINARY VERSION) 
FOR THE IIASA/FAP GLOBAL SYSTEM 
OF FOOD AND AGRICULTURE MODELS: 
DOMESTIC UTILIZATION AND PRICES 

Total utilization of each commodity includes exports, if any, and several 

components of domestic disappearance. Exports (actually net imports) are 

determined as a residual of domestic supply over demand in the simultaneous 

national-international exchange model of IIASA's linkage system consistent 

with world prices, domestic price, quota and stock policies, and assumed 

international agreements. Domestic utilization includes seed, losses, feed, 

nonfood industrial uses, government consumption, stocks and human consumption. 

Feed demand is discussed elsewhere with the supply side of the model, which 
/ 

is based on the MSU Agriculture model; prices and the other components of 

demand will be described here. 

Commodities and Units 

The thirty commodities of supply are aggregated to twenty commodities 

for utilization purposes, and these are further aggregated to IIASA's ten 

commodities for the international linkage. Table l shows the commodity 

correspondences and units used in the model. 

There remain a few relatively minor inconsistencies between the commodity 

definitions of this preliminary version of the U.S. simplified model and those 

of the international system. These will be resolved in the 11 fina1 111 version 

as the international commodity list for the simplified system is expanded to 

1The word "final 11 is in quotes because ·no model, if it is to remain 
useful, can ever have a final version. 
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Table l 

Conmodities and Units of U.S. Simplified Model 

International Domestic Ut11ization Domestic Supply 
COll'lllOdity1 Unit3 CoflTllodityl Unit3 Corranodity 2 Unit3 

1. Wheat 

2. Rice 

3. Coarse grain 

4. Beef, sheep 

5. Dairy 

6. Dther animal 

7. Protein feeds 

8. Other foods 4 

9. Nonfood agri· 
culture 

th.MT (grain) 1. \.lheat th.MT (grain) l. \.lheat 

th.MT (polished 2. Ric~ th.MT (polished 2. Rice 

th.MT (grain) 3. Coarse grain th .MT (grain) ·3. Corn 
4. Sorghum 
5. Barley 
6. Oats 

th.MT (carcass) 12. Beef th.MT (carcass) 7. Fed beef 

13. Lamb, mutton 

th.MT (milk) 17. Dairy 

th .MT (protein) 14. Pork 
15. Poultry 

16. Eggs 
18. Fish 

8. Nonf ed beef 
th .MT (carcass) 9. Sheep & lambs 

th.MT (milk) 10. Milk 

th.MT (carcass) 11. Pork 
th . MT (RTC) 12. Turkey 

13. Chicken 
t h.MT (fresh) 14. Eggs 
th.MT (fresh) 15. Fish 

th.MT (protein) 19. Protein feeds th.MT (meal) 16. Soybeans · 

mi . S (1970) 

mi.$ (1970) 

17. Cottonseed 
18. Peanuts 
19. Flaxseed 

4. Potatoes th.MT 20. Potatoes 
5. Vegetables th.MT 21. Vegetables 
6. Dry beans th.MT 22. Dry beans I 
7. Fruits, nuts th.MT 23 . Fruits, nuts 

18. Peanuts 
9. Fats & oils th.MT (oi 1) 11. Pork 

16 . Soybeans 
18. Peanuts 
19 . Flaxseed 

Sugar4 24. Cottonseed 
10. th.MT (refined) 25. Cane sugar 

4 26. Sugarbeets 
11 . Coffee,tea,cocoa th.MT (beans) "one 

8. Tobacco 4 th.MT (fann wt.)27 . Tobacco 
20. tlonagricul ture mi . $ (1967) 28. Cotton 

29 . Wool 
29. Wool 

oil 

th . bu 

th . cwt. (rough 

th.bu 
th.bu 
th.bu 
th.bu 

mi. lbs. (live) 
mi. lbs. (live) 
th. lbs. (live) 

mi. lbs. 

mi.lbs. 
mi . lbs. 
mi. l bs . 
mi .dozen 
mi. lbs. 

th.bu 
th.tons 

(live) 
(RTC) 
(RTC) 

(fresh) 

th. lbs. (fann wt.) 
th.bu 

th.cwt. 
th.tons 
th. cwt. 
th.tons 
th. lbs. (fann wt.) 
mi. lbs. (live) 
th.bu 
th. lbs. (fann wt.) 
th.bu 
mi . lbs . (oil) 
th . tons (raw) 
th.tons (beets) 

th.lbs.(fann wt.) 
t h.bales 
th. lbs. 
th. lbs. 

------------------------------------ ------------------------------------- ------------------------------
10. Nonagriculture mi.$ (1970) 20. Nonagr1culture mi.$ (1967) 30. Nonagriculture mi.$ (1g57) 

Notes: 
11ncludes processed products in fresh equivalents. 

2Additional col11!10dities modeled on the supply side, but not on the demand side, are beef cows 
(th.head), dairy heifers (th.head), sows (th.head), corn si lage (th . tons), and sorghum silage (th.tons). 

3Unit symbols: th•thousand S 2 U.S. dollars cwt=hundred weight (100 pounds) 
mi=million RTC •ready to cook lbs=pounds 
MTsmetric tons bu • bushels tons=short tons (200 pounds) 

4See the text for discussion of inconsistencies in the preliminary version of the U.S . simplified 
model. 
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the 19 commodities of the detailed model system in order to conduct analyses 

using both simplified and detailed models. The current inconsistencies are: 

l. alcoholic beverage consumption should be included in the "other 

foods" category, whereas the model currently includes it in aggre­

gate consumption of the primary ingredients (e.g., wheat, coarse 

grains, fruit, etc.); 

2. use of sweeteners derived from corn should be included with sugar 

in "other foods" instead of its current accounting in "coarse grains;" 

3. "coffee, tea, cocoa" currently includes only coffee; 

4. a few miscellaneous items, such as flowers and hides and skins, are 

not yet accounted for in "nonfood agriculture;" likewise for 

miscellaneous crops, such as rye; and 

5. although cotton and wool are accounted for in the supply of "nonfood 

agriculture," demand for natural fiber textile products is implicitly 

included in the nonagriculture aggregate; hence, demand and net 

imports of the former will be low and of the latter high by the 

amount of that demand. 

Seed and Losses, and Industrial and Government Consumption 

Seed rates per acre are assumed for wheat, rice, the four coarse grains, 

potatoes, dry beans, soybeans (accounted to fats and oils, and protein feeds) 

and cotton (accounted to protein feeds). Losses due to waste, spoilage, 

insects, etc., in farm and market storage, processing and distribution 

activities are modeled as proportions of annual production. In addition, milk 

fed to calves, as a proportion of milk production, is considered a feed use 

of milk, and eggs used for hatching is considered a seed use of eggs. The 

seed and loss rates used are shown in Table 2. 
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Table 2 

Seed and Loss Rates 

Seed Rate Loss Rate 
Commodity (lbs/acre) (percent) 

l. vJhea t 72.0 4 

2. Rice (rough) 142. 0 9 

3. Coarse grains 6 
- Corn 13.4 
- Sorghum 6. 9 

- Barley 80.6 

- Oats 82.6 

4. Potatoes 1800.0 7 

5. Vegetables 15 

6. Dry beans 52.0 5 

7. Fruit 15 

8. Tobacco 6 

9. Fats and oils} 0 

19 . Protein feeds 0 

- Soybeans 63.0 

- Peanuts 5. 3* 

- Flax 7.5* 

- Cotton 26.0 

lo. Sugar l 

11. Coffee 0 

12. Beef 5 

13. Lamb 5 

14. Pork 5 

1 5. Poultry 5 

16. Eggs (hatched) 6.8* 0 

17. Milk (for calves) 1. 4* 3 

18. Fish 5 

20. Nonagriculture 0 

* Percent of production. 
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A general Cobb-Douglas functional form is postulated for the nonfood 

industrial consumption of each food commodity 

where 

(
CPRICEi ( t) ) 13 i 

(l) DEMINDi(t) = ai CPRICE20(t) ( 
DOMSUP 20 (t )) 

0
i 

l 000 

DEMI NDi 

CPRICEi 

CPRICE 20 
DUMSUP 20 
a., $ ., cr . 

1 1 1 

= industrial demand for commodity i (th MT) 

= consumer price of commodity i ($/lb) 

=nonagricultural consumer price index (1967=1.00) 

=nonagricultural production (mi. 1967 dol l ars ) 

= parameters of the function 

A preliminary data search for this version of the model yielded data on non-

food use of only two food commodities: fats and oils, and fish. Zero indus­

trial consumption is assumed for the other food commodities; further research 

will be necessary to determine if this is a reasonable assumption (e.g., grains, 

potatoes and sugar for starch, nondrinking alcohol, etc.). 

Industrial demand for the nonagricultural commodity,. in million 1967 

dollars, is interpreted as demand for intermediate inputs and is computed 

using the same two-sector input-output model used to determine gross non­

agricultural production. 

where 

(2) DEMIN020(t ) = AI0 21 · VA67(t) + AI0 22 · VN67(t) 

VA67 

VN 67 

=dollars of nonagricultural input per dollar of 

sector l ou t put 

= va l ue of agricultura l production at 1967 prices 

= va l ue of nonagricultural production at 1967 prices 
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Total government consumption expenditures (e.g., for the military, 

institutions, etc.) is assumed to be a fixed proportion (namely, 21 percent) 

of GNP. This total is modified in order to achieve the exogenously specified 

national trade balance (necessary for consistency within the global system), 

if that balance cannot otherwise be achieved at equilibrium prices given 

quota constraints and tax rate constraints. 

This total public expenditure is then allocated to the individual 

commodities by first assuming a proportion goes to the nonagricultural 

commodity, and then distributing the rest to the food commodities in the same 

proportion as lagged private consumption expenditures. The data for food 

consumption used to calibrate the human food consumption functions described 

below appears to have been derived as a residual in food balance sheet calcula­

tion, with no distinction between public and private consumers. Therefore, 

until this question can be resolved or other data can be found which explicitly 

identifies government consumption of food commodities, all government consump­

tion is assumed to be of the nonagricultural commodity. 

Carry-Out Stock Demand 

Stocks are considered in the model for wheat, coarse grains, milk, soy­

beans and peanuts. The oil and cake equivalents of soybean and peanut stocks 

are allocated to fats and oils and protein feeds, respectively. Milk stocks 

include the fresh milk equivalents of milk products stocks. Coarse grain 

stocks are modeled as an aggregate of corn, sorghum, barley and oat stocks. 

The modeling of wheat and coarse grains stocks is more complicated than 

that of the other commodities because stocks of these commodities are closely 

related to price control policies. Specifically, the government will act as 

a buyer (or stockpiler) of last resort, if necessary, in order to maintain 
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a minimum farm price (or "loan rate"). At the other end, if farm price is 

rising above an upper target (the "call price"), the government will call in 

loans, essentially requiring farmers to sell the stocks they hold as part of 

government programs. It should be mentioned here that this version of the 

model does not distinguish different types of stocks, such as on-farm stocks, 

government buffer stocks, market stocks, etc. Rather, total national carry-

out stocks are modeled in the aggregate. 

Since wheat and coarse grains stocks are modeled identically, the following 

discussion applies to both commodities. The basic hypothesis is that stocks 

build up as prices fall and are depleted as prices rise. A negative exponen­

tial function is assumed to represent this behavior over most of the relevant 

price range (curve III in Figure 1). For the function to be homogenous of 

degree zero, the independent variable is the price P of the commodity relative 

to nonagricultural prices P . At the call price PC, stocks are assumed to n 

have fallen to a minimum, pipeline level XL below which they will not go even 

if the relative price is higher than PC (curve IV in Figure 1). 

Since the government is assumed to be the stockpiler of last resort, the 

price will not fall below the loan rate PL. (Given the U.S. role in the 

world market for wheat and coarse grains, this implies supporting the world 

price as well.) This would imply a vertical, perfectly elastic segment of 

the stock demand curve at PL. In order for stocks to be a function of price, 

however, as required by the overall model, a steep negative exponential seg­

ment (curve II in Figure 1) is modeled within a narrow band around PL. Thus, 

PL+ and PL- are currently assumed to be one percent above and below the loan 

rate, respectively. 
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At PL+, stocks are assumed to be at their "normal" maximum XU and at 

PL- their "logical" maximum XU. The logical maximum XU, assuming there will 

be no imports of these corrunodities, is defined as total supply Y (production 

plus carry-in stocks) less a specified minimum level of domestic utilization. 

Since stocks cannot logically increase above this level, the demand curve 

(I in Figure l) is perfectly inelastic at prices below PL-. However, this 

represents an unrealistically high level of stocks, so that the loan rate 

should be successfully supported before reaching this level. At PL+, the 

normal maximum XU is defined to be 

(3) .A 
XU(t) = l+.A Y(t) 

where 

y = total supply (th MT) 

= maximum stock as a proportion of non-stock disappearance 

The parameter .A is currently assumed to be 70 percent for wheat and 60 percent 

for coarse grains. Similarly, at and above the call price PC, pipeline 

stocks XL are defined to be 

(4) XL(t) = l~µ Y(t) 

where µ is again a proportion of non-stock disappearance (currently assumed 

to be 15 percent for wheat and 10 percent for coarse grains). 

The negative exponential curves II and III both have the form, for 

stock level X, 

(5) X(t) = a 

Two points on each of these curves are assumed to be known: (PL-, XU) and 

(PL+, XU) for curve II, and (PL+, XU) and (PC, XL) for curve III. Therefore, 

the parameters a and s can be determined as 



(6) a = XU(t)esPL-

10 

and S = ln(XU(t)/XU(t)~ 
(PL+) - (PL-

for curve II, and 

(7) a = XU(t)eSPL+ nd S = lnfXU(t)/XL(t)~ 
a PC t) - (PL+ 

for curve III. Thus, the curves are completely specified by the parameters 

A andµ, and by the price policies PC and PL. It is interesting to note 

that, with a and s defined as in (6) and (7), the stock demand functions 

reduce to the Cobb-Douglas form, for example for curve III, 

fPC-(P/P ) l f{P/P )-(PL+~l 
(8) X= (XU)rPc - (P~+)] (XL)i_pc _n(PL+) J 

whose exponents add to unity. 

For this version of the model, peanut stocks are projected exogenously, 

while milk and soybean stocks are modeled with the following econometrically 

estimated equations. The soybean stock equation will be replaced when the 

model is updated to incorporate the new soybean component of the MSU Agricul­

ture Model (part of which serves as the supply side of the present model). 

(9) MLKSTK(t) = A0 + A1·MKSUPP(t) + A2· DOMSUP 17 (t) + A3 GNPPC(t) 

8 
(10) SBSTK(t) = 80 (QSUPSB(t)) l 

where 

MLKSTK 

SBSTK 

MKS UPP 

DOMSUP 17 

GNP PC 

QSUPSB 

=milk stocks (th MT) 

= soybean stocks (th MT) 

= milk support price ($/kg) 

=milk supply (production plus carry-in 
stocks) (th MT) 

= per capita GNP (th $/person) 

= soybean supply (production plus carry-in 
stocks) (mi MT). 
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Human Consumption 

A rather complicated, nonlinear function is used to model the per capita 

consumption of each food commodity (in pounds per person per year) in order 

to exhibit a hypothesized mode of consumption behavior with respect to income, 

prices and time. Specifically, per capita consumption PCC is the product of 

three functions representing an income factor, a price factor and a time 

factor, respectively. For each food commodity i, 

( 11 ) PCC.(t) = f.(M(t), P(t)) · g.(P(t)) 
1 1 1 

hi ( t) 

where M is current nominal per capita disposable income ($/person-year), 

P is a vector of nominal consumer prices ($/pound), and t is time, and where 

2 
(l2) f.(M,P) =a.+ (b.-a.)e-Ci (M/CPI) 

1 1 1 1 

(13) gi (P) = n [l 
j 

x .. d. (1-e-crj (Pj/CPI))J 
1 J J 

2 
(14) h

1
. (t) = a. + (13. - a.) e- 0i (t-tai) 

1 1 1 

and where the consumer price index CPI is 

p. ( t) 
(15) CPI(t) = ~ wi p.dg67) 

1 1 

As shown in Figures 2 and 3, 2 the income factor f and its parameters a 

and b have units of per capita consumption and are the major detenriinants of 

PCC, while g and h serve as multipliers. The price factor g is nominally 

unity when all prices are zero, and the time factor his unity (with a= 13 = 1) 

for commodities with no time trend assumed. 

2A figure is not given for the time factor h; it would look exactly the 
same as Figure 2, with a and 13 in place of a and b, a~d (t-t0) in place of 
(M/CPI). 
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Indeed, there are only four commodities (wheat, coarse grains, tobacco 

and milk) for which time trends are assumed to reflect changes in per capita 

consumption not reasonably attributable to price, income or other endogenous 

model variables. For example, a sharp decline in tobacco consumption per 

capita has been observed, beginning in about 1964 when the first Surgeon­

General 's report was issued on the health hazards of cigarette smoking. Zero 

food consumption of "protein feeds" is assumed (a19 = b19 = 0), although this 

restriction may have to be relaxed if food use of soybeans can be projected 

to become significant in the U.S. 

The asymptotic behavior of f i has advantages over a constant income 

elasticity model, particularly in long-run analysis as real income increases, 

in that consumption will remain within reasonable physical and nutritional 

r~nges. Indeed, the set of values for the ais may be specified according to 

what could be considered to be a realistic or plausible dietary and nutri-

tional mix in the limit "as real income goes to infinity." Note in Figure 2 

that setting bi > ai implies an inferior good, while bi < ai indicates a 

normal good . 

Cross-price effects in the price factor gi' i.e., the impacts of the 

price of commodity j on consumption of commodity i, are reflected in the 

matrix [xij]. For the own-price effect, i=j' x .. =l.0, 
lJ 

for complementary 

goods x . . > 0, and for substitute commodities x . . < o. xij = 0 implies no 
lJ lJ 

cross-price effect. From this point of view, a commodity is a perfect 

complement to itself, i.e., one always eats rice with rice. 

Note in equation (13) and Figure 3 that x . . is a proportion of dJ .. lJ 
is, the effect of commodity j's price on consumption of commodity i is 

proportional to its effect on own consumption, i.e., the consumption of 

That 



1-x .. d. 
lJ J 

1-x . . d. 
lJ J 

f. , 
b. , 

a . , 

b. , 

g. , 

1. 0 

13 

inferior 
aood (b.>a.) 
~ , , 

--------------

norma 1 
good (b. <a.) , , 

Figure 2 

The Income Factor of 
Per Capita Consumption 

------------
substitute 

good (x .. <0) 
lJ 

complementary 
good (xi/O) 

Figure 3 

The Price Factor of 
Per Capita Consumption 

P. 
__J_ 
CPI 

M 
CPI 
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commodity j. The dj represents the maximum proportional deviation of 

commodity j consumption as the real price of j increases without limit. 

Thus, dj = l implies consumption goes to zero "as real price goes to 

infinity," while dj = 0 indicates no price response. 

In order to maintain a consumption expenditure budget constraint, per 

capita consumption of the nonagricultural commodity Pcc20 (in 1967 $/person) 

is computed as a residual, where the total budget is taken to be disposable 

income M, implying savings as a component of Pcc20 . 

Econometric estimation of the parameters--a
1
., b., c., d., x .. , a . , 13 ., 

1 1 1 lJ 1 1 

cr i, cS i for i and j = l, 2, .. . , 18--has not been attempted. Preliminary 

judgemental estimates were made and then further refined in "manually tuning" 

the model to track PCC for the 1970-1976 period using actual historical values 

for M and P over that period. Although elasticities as such are not used in 

the model, as a check on model performance with these parameter values, 

Table 3 shows elasticities computed from the partial derivatives of PCC in 

equation (11) with respect to prices and income. In addition, the Appendix 

includes plots comparing historical observations PCCACT with simulation results 

PCC using the parameter values estimated in this way . The following measure 

of overall goodness of fit for these results 

1976 
(16) E 

t=l955 

20 
E 

i=l 
i~l9 

I 
PCC. ( t) - PCCACT. ( t) 

l 1 

PCCACTi(t) 

has a value of 22.3. For 22 years (1955-1976) of data on each of 19 commodities, 

i.e., 418 observations, this implies an average error of about 5.3 percent per 

observation. 
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Prices 

Prices are the major feedback from the simultaneous national-international 

exchange system to the national model . Domestic consumer prices are deter­

mined based on world prices and national price policies. A "target" (or 

"desired" or "normal") price for each commodity PD; is defined to be propor­

tional to the retail-level world price PWD .. 
l 

(17) PD. = DPD . · PWD. 
l l l 

where DPD can be interpreted to embody not only tariff policies, for instance, 

but also quality and other differences between the domestic commodity and the 

world commodity, transportation costs, etc. The retail-level world price 

PWDi is defined as the world price PW; plus a domestic marketing/processing 

margin PRMi representing a quantity of the nonagricultural good (commodity n ) 

times the price of that good. PRM. is also used as the margin between 
l 

domestic farm and consumer prices. 

( 18) PWD. = PW. + PRM. · PW 
l l i n 

The price PD; will be the equilibrium price P; unless a specified 

minimum QEXi or maximum QIMi demand constraint is effective, where these 

can be interpreted as export and import quotas, respectively. If one of these 

constraints is effective, the equilibrium price P; will be below or above PD;, 

respectively--unless buffer stock behavior is modeled. In that case (as for 

wheat, coarse grains, milk and protein feeds discussed above), equilibrium 

carry-out stocks will deviate above or below a target level, respectively, 

where the target stocks are those determined in equations (5), (9) and (10) 

above. Maximum and minimum stocks are also specified, and if the stock 

adjustment is such as to make a stock constraint effective, then P. will 
-- l 

deviate from PD;· 
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These prices are at the 10-commodity international aggregation and must 

be disaggregated to the U.S. model 1 s 20-commodity utilization level for 

consumer prices and the 30-commodity supply level for farm prices (see 

Table l). The 10-commodity aggregate prices Pi are related to the 20-corrrnodity 

consumer prices CPk by 

(19) P; =n wk ~:kJ fl wk 

for i = l, 2, ... , 10 and where the summation is over commodities k 

belonging to aggregate i. In (19), wk is the consumer price index weight 

of equation (15), and cr k is a unit conversion factor, e.g., th.MT of carcass 

weight to the th.MT of protein equivalent (see Table 1). 

For commodities with a one-to-one correspondence, i.e., wheat, rice, 

coarse grains, milk and nonagriculture, the consumer prices are simply 

For the other commodities, the CPk are determined from econometrically 

estimated equations, generally as functions of per capita income, per capita 

supply, and other prices. Each CPk in a group i is then ratioed, given Pi' 

so (19) holds. 

Producer prices PPk at the 20-commodity level are determined from 

consumer prices and an assumed farmer share ak 

where ok is a unit conversion, e.g., from $/pound for consumer prices to 

$/bushel for farm prices. The marketing/processing margins PRM . used in (18) 
l 

are computed from the farmer shares ak by 

(22) PRM; =[D wk (1-nk) ~:k] 1~ wkj /pn 
where, again, the summation is over commodities kin group i. 



18 

The 20-commodity producer prices are then disaggregated to the 30-commodity 

level. For example, it is assumed that PP 3 for coarse grains represents the 

corn price. The farm prices of barley, oats and sorghum are then related to 

thgt of corn by equations of the type 

(23) PPCG . = A. PP
3
µj 

J J 
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Appendix 

The following charts include plots and tables comparing actual and 

estimated per capita consumption over the years 1955-1976 using the pre­

liminary data derived as described in the text. The sum of absolute values 

of proportional errors over all 418 observations (19 commodities and 22 years) 

is 22.3, or an average of about 5.3 percent per observation. The last two 

columns in the table of each chart compare the year-to-year percentage change 

in the two series, where the same sign in the two columns means the estimated 

(indicated by *) and the actual (indicated by +) change in the same direction. 

In the plots, the actual series is indicated by and the estimated by 
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