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ABSTRACT 

Better understanding and forecasting of climate variability may impact global agri
cultural markets. Wheat (Triticum aestivum L.), a major food grain, may be significantly af
fected. The objective of this study is to determine how seasonal climate variability and wheat 
producers' responses to seasonal climate forecasts may affect wheat supplies in the USA, 
Canada, and Australia. Crop models are used to simulate yields at 31 sites under a wide range 
of climate conditions, management strategies, and with and without El Nino-Southern Os
cillation (ENSO)-based climate forecast information. Yields and planted hectarage estimates 
are used to obtain estimates of each country's wheat supply with and without the use of fore
casts by wheat producers. Four wheat supply curves are developed: U.S. spring and winter 
wheat, Australia Standard White spring wheat, and Canadian spring wheat. Results show 
long-run estimates of average production are within 10% of historical average production 
for three of the four national supply wheat curves. Results show the use of the forecasts will 
generate an increase in expected supply for all countries. Further work is necessary to de
termine the impacts on producers and consumers as a result of the use of climate forecasts. 

Technological advances and the associated information revolution have contributed 
to the development of a global economy. The term global economy usually refers 
to the interlinking of financial and commodity markets around the world. Besides 
markets, the global economy is linked through physical phenomena. A prime ex
ample is the ENSO phenomenon (Cane and Zebiak, 1985; Glantz 1996). As illus
trated by the 1997-1998 El Nifio event, ENSO events in the tropical Pacific have 
wide-ranging and diverse climate impacts around the world. The diversity and tim
ing of these climate impacts affects climate differently in various parts of the world 
within a given year. El Nifio events, for example, tend to be associated with lower 
precipitation levels in Australia, whereas the Gulf region of the USA tends to ex
perience increased precipitation levels (Ropelewski and Halpert, 1987; Stone et al., 
1996; Piechota and Dracup, 1996). 

An agricultural commodity which is particularly vulnerable to climate vari
ability is wheat, because it is typically grown in relatively arid regions of the 
world. Within the global economy, the quantity of wheat traded is greater than that 
of any other agricultural commodity. During the 1986-1997 period, an average of 
97.454 million metric tons per year of wheat were internationally traded. Com (Zea 
mays L.) ranked second with an annual average of 58.906 million metric tons. The 
largest exporter of wheat is the USA, with an average market share of34.5% of the 
total exported world wheat during 1986-1997. Canada and Australia are two of the 
remaining largest exporters with an average of20 and 12% of the world wheat trade. 
Historically, the USA, Canada, and Australia have supplied nearly two-thirds of the 
internationally-traded wheat. 

Climate variability and resulting yield fluctuations impact the world wheat 
market and trade. But, as noted above, the effect of ENSO-based climate variabil
ity may differ among countries that may either magnify or mute the effect of vari
ability on world trade. The overall objective of this study is to determine how sea
sonal climate variability and management responses to seasonal climate forecasts 
may affect aggregate wheat supply in the USA, Canada, and Australia. Specifically, 
the objectives of this study are to examine how: (i) ENSO-based climate variabil-
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ity impacts aggregate wheat supply in the USA, Canada, and Australia, and (ii) the 
use of ENSO-based seasonal climate forecasts by wheat producers in these coun
tries would likely affect wheat supply. To achieve these objectives, crop growth mod
els are used to simulate wheat yields at various sites in the USA, Canada, and Aus
tralia under different management strategies and seasonal climate conditions. The 
site-level yields, in combination with acreage estimates, are used to estimate na
tional production. A total of four supply curves are developed for the three coun
tries: two supply curves for the U.S. (winter and spring wheat) and one each for 
Australia and Canada spring wheat. In addition, to obtain the the U.S. winter wheat 
supply curve, three different wheat class yield equations are estimated giving a total 
of six estimated yield equations (U.S. winter wheat which includes hard red, soft 
red, and soft white, U.S. spring wheat, Canadian spring wheat, and Australian Stan
dard White spring wheat). 

Previous studies have examined the effect of climate variability on yields and 
aggregate production (Rimmington and Nicholls, 1993; Stephens et al., 1994; 
Meinke and Hammer, 1997; Rosenthal et al., 1998; Nicholls, 1986; Mjelde and 
Keplinger, 1998) and have evaluated crop management strategies using seasonal 
climate forecasts (Mjelde et al., 1988; Hammer et al., 1996). Only one previous 
study, however, addressed detailed development of aggregate supply curves under 
the assumption that producers use climate forecasts. Hill et al. (1999) developed 
aggregate supply curves for sorghum [Sorghum bicolor (L.) Moench] production 
in Texas. They showed the use of climate forecasts may either increase or decrease 
sorghum supply relative to the scenario when producers did not use climate fore
casts. In their study, acreage was fixed and only a narrow geographical area was 
examined. In the current study, the estimated supply curves are based on expected 
price which impacts both the use of production inputs and planted acreage. Further, 
the aggregate supply curves are developed from simulated wheat yields at sites 
throughout the wheat producing regions of each country. Each country's aggregate 
supply curve, therefore, contains potential regional impacts of ENSO. 

METHODOLOGY 

Similar methodological approaches are used in each country to estimate 
wheat supply. Data limitations and the availability of appropriate wheat simulation 
models necessitated, however, some variation in adopted methodologies. An 
overview of the methodology is presented in Fig. 7-1. The general approach in
volves simulation of wheat yields under a wide range of climate conditions and man
agement strategies at each site. Assuming the producer is risk neutral, production 
inputs are determined that maximize net returns for without and with the use of 
ENSO-based forecasts at various expected prices. The input levels that maximize 
net returns are subsequently used to generate yields for all climate conditions 
under the without and with ENSO-based forecast scenarios. This procedure is re
peated for the major wheat-producing areas of each country. These site-level yields 
are then used to obtain weighted-average yields by wheat class. These estimated 
weighted-average yields are then combined with hectarage estimates to obtain 
each country's wheat supply without and with the use of ENSO-based forecasts. 
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Fig. 7-1. Methodological approach to development of national level supply curves. 

Site-level Economic Decision Model 

It is assumed the decision maker's prior knowledge (without use of a fore
cast) is the climatological (historical) distribution. Under this prior knowledge as
sumption, input combinations that maximize wheat producers expected net returns 
for each expected price are obtained. Site specific optimal input combinations are 
obtained from the following model: 

- } T 
E (rcilP)- max n,d,v T [PjYit (n,d,v)- r1 n - r2Yit (n,d,v)]-vci [l] 
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where, Eis the expectation operator, 7ti is the expected net returns per hectare (ha), 
T is the number of weather years, Pj is expected price in $ per kilogram ($/kg), 
Yit (n,d,v) is yield (kg/ha) associated with site i and year t, n is applied Nin kg/ha, 
dis planting date, v represents cultivar, r 1 is N cost in $/kg, r2 is harvest costs in 
$/kg, and vc i is other variable costs in $/ha. In Eq. [1 ],yitCn,d,v) represents outcomes 
from the crop growth simulation models. 

ENSO-based forecasts are defined using patterns (phases) of the Southern Os
cillation Index (SOI) to identify five distinct season types (Stone and Auliciems, 
1992). The SOI is an indicator of the status of the ENSO phenomenon and its re
lated global impacts. Stone et al. (1996) have shown the five SOI phases have sig
nificant predictive skill for rainfall for parts of the world. The five phases are based 
on the level and rate in change of the SOI over a 2-mo period. The five phases are: 
(i) consistently negative, (ii) consistently positive, (iii) rapidly falling, (iv) rapidly 
rising, and (v) near zero (Stone et al., 1996). 

To obtain the effect ofusing SOI-based forecasts, the various years in the data 
set are categorized by the SOI phase in the month preceding planting. The economic 
model is modified to reflect the years within each phase and subsequently used to 
determine optimal input combinations and associated expected net returns with the 
SOI-based seasonal climate forecasts. The only modification to Eq. [1] regarding 
the without and with forecasts scenarios occurs in years used to represent the dif
ferent SOI phases. For the without forecast model, Trepresents all the years used. 
When forecasts are used, T represents the number of years in the relevant phase. 
Equation [ 1] is used separately for each of the five phases. For the without forecast 
scenario, a single optimal input combination is obtained. Five optimal input com
binations (one for each SOI phase) are obtained for the with forecast scenario. In 
both scenarios, it is assumed each year of historical weather data is equally likely. 
For the SOI-based forecasts to have value, the use of the forecasts must change the 
producer's decisions over the scenario in which the forecasts are not used. 

Sites Specifics 

Wheat yields are simulated using crop growth models for selected sites 
throughout the USA, Canada, and Australia wheat-producing regions. Wheat yields 
in North America are simulated using the CERES-Wheat Model (Godwin et al., 
1990), whereas I-Wheat in APSIM is used to simulate Australian wheat yields 
(Meinke et al., 1998). Both crop growth models are process-oriented, management 
level models of wheat crop growth and development that simulate soil water bal
ance and N balance associated with the growth of wheat. The models require avail
able daily weather, soil, and variety-specific genetic inputs. Both models have been 
verified and used to assess different management strategies in many locations 
(Savin et al., 1995; Pecetti and Hollington, 1997; Asseng et al., 1998). Rosenthal 
et al. (1998) demonstrated that simulation model output from specific sites can be 
aggregated to give estimates of regional production. 

Ten sites within the major winter wheat-producing areas in the USA are mod
eled. The sites are in southern Illinois, southeastern and northwestern Kansas, 
eastern Michigan, central Missouri, southern and northern Oklahoma, western 
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Ohio, northern Texas, and eastern Washington. Twelve sites are modeled to repre
sent major Canadian and U.S. spring wheat growing areas. Canadian spring wheat 
sites are located in northern and southern Alberta, southwestern, central, and north
eastern Saskatchewan, and southwestern and central Manitoba. The U.S. spring 
wheat sites are in northeastern and western Montana, north and southeastern North 
Dakota, and northeastern South Dakota. Approximate locations of the North Amer
ican sites are shown in Fig. 7-2. In Australia, nine sites, Emerald, Dalby, Moree, 
Dubbo, Horsham, Minnipa, Katanning, Wongan Hills, and Geraldton, are used to 
simulate wheat yields (Fig. 7-3). These sites form an arc through the Australian 
wheat belt from northeast to southwest. 

The dominant wheat class in each region is modeled. In the USA, hard red 
spring wheat is modeled in North and South Dakota and Montana. Hard red win
ter wheat is modeled in Kansas, Oklahoma, and Texas. Soft red winter wheat is mod
eled in Illinois, Missouri, and Ohio. Soft white wheat is modeled in Washington and 
Michigan. Canadian western red spring wheat is the only class modeled in Canada. 

E Winter Wheat 

3 Spring Wheat 

Fig. 7-2. Locations of North American spring and winter wheat sites used in simulating wheat yields. 



EFFECTS OF CLIMATE VARIABILITY ON WHEAT 107 

White spring wheat is modeled for the Australian sites with emphasis on the Aus
tralian Standard Wheat (ASW) quality class. The ASW forms the majority of ex
ported wheat. 

The most common and appropriate soil for wheat production in each repre
sentative area is used in the simulation models. Temperature and precipitation data 
are from Environment Canada (1997), the U.S. Historical Climatological Network 
(Easterling et al., 1998; Kaiser, 1998), and the Australian Bureau of Meteorology. 
Solar radiation is approximated using a solar radiation generator (Richardson and 
Wright, 1984). The sites' soil type, location, and agronomic characteristics are sum
marized in Table 7-1. 

Nine prices representing the historic range of wheat prices for each wheat class 
are used in the USA and Canada. Ten wheat prices are used in the simulations for 
Australia. Decision variables included in the U.S. and Canada are planting date and 
N levels. Planting dates varied by site (see Table 7-1 ). At all North American sites, 
the following N levels may be selected 15, 30, 45, 60, 75, 90, 115, and 120 kg/ha. 
In Australia, decision variables are N level (0, 30, 60, 90, 120, and 150 kg/ha) and 
cultivar maturity (see Table 7-1 ). Adjusted variable cost data for the Canadian sites 
are from Saskatchewan Agriculture and Food, (1996, 1997), Alberta Agriculture 
Economics Service, (1989-1995), and Manitoba Agriculture (1989-1995). The U.S. 
cost data are from USDA-ERS (1997) regional farm budgets for the years 1989 to 

Fig. 7-3. Location of Australian sites used in simulating wheat yields. 
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Table 7-1. Site and management descriptions for modeled wheat sites. 

Site Latitude Planting dates 
location and longitude Soil typet Wheat type or cultivart Seed rate§ 

United States 

Kansas 38 98 Medium sandy loam Hard red winter 240,255,270 1400000 
Kansas 40 102 Medium silt loam Hard red winter 240,255,270 625 000 
Oklahoma 36 98 Deep silt clay Hard red winter 240,255,270 1400000 
Oklahoma 34 98 Deep silt clay Hard red winter 240,255,270 625 000 
Texas 33 99 Deep silt clay Hard red winter 240,255,270 750 000 
Illinois 39 89 Medium silt loam Soft red winter 250,265,280 1400000 
Ohio 41 84 Medium silt loam Soft red winter 250,265,280 1900000 
Missouri 39 90 Shallow silt clay Soft red winter 240,255,280 3 500 000 
Michigan 42 84 Medium silt clay Soft white winter 240,255,270 312 500 
Washington 48 118 Deep silt loam Soft white winter 240,255,270 100 000 
Montana 49 112 Deep silty loam Hard red spring 95, 110, 125 3 000 000 
Montana 48 110 Deep silty loam Hard red spring 95, 110, 115 1200000 
North Dakota 48 97 Deep silty loam Hard red spring 95, 110, 115 4 750 000 
North Dakota 46 97 Deep silty loam Hard red spring 95, 110, 115 4 750 000 
South Dakota 45 98 Deep silty loam Hard red spring 95, 110, 115 4 750 000 

Canadian 

Manitoba 49 98 Heavy clay loam CAWRSi-f 120, 135, 150 1100 000 
Manitoba 49 101 Medium silt loam CAWRS 120, 135, 150 2 750 000 
Saskatchewan 49 108 Shallow loam clay loam CAWRS 120, 135, 150 750 000 
Saskatchewan 52 106 Loam clay loam CAWRS 125, 140, 155 1 100 000 
Saskatchewan 53 105 Wood mountain loam CAWRS 125, 140, 155 1 875 000 
Alberta 49 112 Deep silt clay CAWRS 125, 140, 155 2 750 000 
Alberta 52 111 Heavy clay loam CAWRS 120, 135, 150 1 100 000 

Australian 

Dalby 27 151 Heavy black clay ASW# E,M,L 300 000 
Dubbo 32 149 Deep yellow earth ASW E,M,L 300 000 
Emerald 24 148 Shallow heavy black clay ASW E,M,L 300 000 
Gerald ton 29 115 Deep sand/ duplex ASW E,M,L 300 000 
Horsham 37 142 Heavy grey clay ASW E,M,L 300 000 
Ka tanning 34 118 Deep sand/ duplex ASW E,M,L 300 000 
Minni pa 33 135 Shallow sand/ duplex ASW E,M,L 300 000 
Moree 29 150 Heavy black clay ASW E,M,L 300 000 
Wongan Hills 31 117 Deep sand/ duplex ASW E,M,L 300 000 

t Sources: Agriculture Canada (1986a, 1986b, 1991) and Baumer et al. (1984). 
t Day of year for the North America sites and cultivar type (E =early, M =medium, and L =late ma-

turing) for Australian sites. 
§ Seeds per hectare. 
il Canadian Western Red Spring Wheat. 
# Australian Standard Wheat. 

1995 and USDA-N.A.S.S. (1996). Nitrogen cost for the North American sites is 
the mean price for the period 1989 to 1996 (USDA-NASS., 1996). Australian costs 
are from regional farm budgets prepared annually by each state's Department of 
Agriculture. 

Weather data from 1910 to 1995 are used to obtain simulated yields for the 
North American sites. Because winter wheat in the USA is planted in September
October, classification of season is based on the August-September SOI phase. For 
spring wheat at the North American sites, the April-May SOI phase is used to clas
sify the season. Seventy-eight years of weather data (1916 to 1993) are used in the 
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Australian simulations. Because wheat in Australia is planted in May-June, clas
sification of the season is also based on the April-May SOI phase. A listing of years 
falling into each phase is presented in Appendix A. 

Supply Estimation Procedures 

Once the site specific yields are obtained, the following procedure is used to 
obtain the aggregate supply curves for U.S. spring and winter wheat, Canadian 
spring wheat, and Australian spring wheat. To obtain the without and with use of 
the ENSO-based, five phase forecasts, the procedure is repeated under each as
sumption. 

Yield data from the net revenue maximization model are used to estimate the 
yield equations. Because several sites are used to simulate wheat yields in each wheat 
class, the first step is to obtain a weighted-average yield. For the North American 
sites, weighted-average yields are: 

Yqtj = t 8kq Ykqtj [2] 

where k represents the sites used to simulate yields for wheat class q, ekq is the 
weighting factor, and Ykqtj is the simulated yield associated with the optimal input 
combination for site k, year t, class q and price j. Weights are the historical proportion 
of total production associated with a site and wheat class (USDA-Agricultural Sta
tistics 1974-1998). For the Australian sites, regional yields were derived from a 
long-term simulation of a regional production model to avoid issues associated with 
differences in variance between point and regional simulations of wheat yield. The 
details of the simulation are described by Stephens et al. ( 1999). The relative ef
fects on yield associated with change in price or use of a seasonal forecast are de
rived from the point simulations and applied to the regional yield estimates for the 
area relevant to each location. The summation of the regional yields, weighted for 
historical proportion of total Australian production, provided the weighted-aver
age yields for Australia. 

These weighted yields are then used as the dependent variable in estimating 
the yield equations. Several different forms including modified linear, semi-log and 
log-log forms were estimated. Overall, the inference from the different forms var
ied little. The modified log-log form is presented here: 

where, the are coefficients to be estimated, Pi's represent 0-1 dummy variables 
for the five phases, In represents the natural logarithm, Pj is price, Y qtj represents 
the weighted average yields, and eqtj is the error term for wheat class q, year t, and 
price}. To avoid perfect collinearity, the constant term is omitted from the regres
sion equations. For each wheat class, price, and year, a weighted-average yield is 
obtained. Estimated coefficients and associated standard errors for the wheat sup
ply equations by class are presented in Tables 7-2 and 7-3. The reader is cautioned 
against placing too much emphasis on the estimated t-ratios. Using simulated data, 
t-ratios test maintained relationships in the model. Here, the t-statistics are testing 



110 BUTLER ET AL. 

Table 7-2. Estimated log-log supply equations for winter and spring wheat types in the USA, Canada, 
and Australia for the Without SOI-Based Forecast Scenario (kilograms/hectare).t 

Wheat type 

United States Canada Australia 

Hard red Soft red Soft white Red Red Standard 
Coefficient winter winter winter spring spring white 

Price 0.0148 0.1894 1.7142 -0.0008 0.1795 0.0005 
(0.086) (0.123)§ (0.002)t (0.089) (0.052):j: (0.004) 

Phase 1 7.6826 6.3829 -0.0114 7.7234 6.5409 6.9119 
(0.413)t (0.586):j: (0.024) (0.441):j: (0.256):j: (0.024):j: 

Phase 2 7.6247 6.4693 0.0381 7.6412 6.7034 7.1365 
(0.413):j: (0.585):j: (0.022)§ (0.44l):j: (0.255):j: (0.02l):j: 

Phase 3 7.6945 6.7396 0.0513 7.7671 6.7025 6.8317 
(0.415):j: (0.588):j: (0.037) (0.441):j: (0.255):j: (0.024):j: 

Phase 4 7.6044 6.8061 -0.0002 7.6282 6.3591 7.2205 
(0.414):j: (0.587):j: (0.030) (0.441 ):j: (0.254):j: (0.020):j: 

Phase 5 7.7701 6.3655 0.0070 7.6178 6.6525 6.9499 
(0.413):j: (0.585):j: (0.021) (0.44l):j: (0.254):j: (0.02l):j: 

t Standard errors in parenthesis listed below the estimated coefficients. 
:j: Significant at a values of 0.05 or less. 
§ Significant at a values of0.15 or less. 

for statistical differences in CERES-Wheat and I-Wheat simulations that result from 
changing phases. However, the CERES-Wheat and I-Wheat model contained de
terministic relationships between weather and yields. 

Table 7-3. Estimated log-log supply equations for winter and spring wheat types in the USA, Canada, 
and Australia for the With SOI-Based Forecast Scenario (kilograms/hectare).t 

Wheat type 

United States Canada Australia 

Hard red Soft red Soft white Red Red Standard 
Coefficient winter winter winter spring spring white 

Price 0.0274 0.1708 1.7142 0.0454 0.1656 -0.0001 
(0.084) (0.119)§ (0.002)t (0.096) (0.053):j: (0.004) 

Phase I 7.6254 6.5265 0.0080 7.4697 6.6051 6.9197 
(0.403):j: (0.570):j: (0.025) (0.451 ):j: (0.259):j: (0.024):j: 

Phase 2 7.5599 6.4916 0.0230 7.4207 6.8106 7.1687 
(0.402):j: (0.570):j: (0.021) (0.450):j: (0.258):j: (0.021):j: 

Phase 3 7.6172 6.8649 0.0513 7.5680 6.8092 6.8581 
(0.404):j: (0.572):j: (0.037) (0.451 ):j: (0.259):j: (0.023)t 

Phase 4 7.5659 6.9509 -0.0002 7.4006 6.3989 7.2322 
(0.403)t (0.570):j: (0.030) (0.450):j: (0.258):j: (0.020):j: 

Phase 5 7.7174 6.4025 0.0070 7.3829 6.7477 6.9185 
(0.402):j: (0.570):j: (0.021) (0.450):j: (0.258):j: (0.021):j: 

t Standard errors in parenthesis listed below the estimated coefficients. 
:j: Significant at a values of0.05 or less. 
§ Significant at a values of0.15 or less. 
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Table 7-4.Calculated parameters used in obtaining the acreage response equations and mean acres and 
mean yearly average price used in calculating Yq· 

Wheat type yq aq Hectarest Pricet 

U.S. Hard red winter wheat 1.958 0.3615 11.578 136.60 
U.S. Hard red spring 0.418 0.5289 5.766 142.77 
U.S. Soft red winter 0.0196 1.1145 3.723 110.63 
U.S. Soft white winter 0.423 0.2955 1.800 134.60 
Canadian Western red spring 1.059 0.5066 13.321 146.00 
Australian standard white 1.344 0.3880 9.747 165.00 

t Millions of hectares. 
t Dollars per metric ton in the appropriate country currency. 

Expected supply by SOI phase is obtained using the following equation: 

[4] 

where q represents the different wheat types (three for winter wheat in the USA, 
one for U.S. spring wheat, and one each in Canada and Australia, see Table 7-1 ), 
Aq(P) is the hectarage response equation for wheat class q as a function of price, 
and y qc is the estimated yield equation for type q as a function of expected price. 
Equation [3] is the estimated yield equation in Eq. [4], that is, Yqc (p) is calculated 
as the mean response for each ENSO phase using Eq. [3]. The hectarage response 
function is: 

[5] 

where Yq is a constant and aq is the own-price elasticity of hectarage. Own-price 
elasticities ofhectarage, unitless measures of the responsive ofhectarage to changes 
in price, for each class of wheat are calculated using hectarge equations estimated 
by Benirschki and Koo (1995). The constant terms are calculated using the 10-yr 
historical ( 1985-1995) mean acreage and price levels and the calculated elastici
ties by wheat class. Presented in Table 7--4 are the parameters and data used in the 
hectarage response equations. 

The long-run expected supply for a given scenario (with or without the use 
of the forecast) is: 

5 

S(p) = L Sc(P) We 
c=l 

[6] 

where, S(p) is the long-run expected supply, Sc(P) is the long-run expected supply 
response for phase c, c represents the five phases, p is wheat price, and w c is the 
probability of phase c occurring. 

To summarize the aggregation procedure, simulated yields obtained from the 
wheat growth simulation models associated with the optimal input combination are 
used to obtain weighted-average wheat yields by class in each country. These 
weighted-average wheat class yields are then used to estimate yield equations by 
class as a function of price and ENSO phase. Using these estimated equations, ex-
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pected yield by phase are then multiplied by an hectarage response function to ob
tain expected supply by phase and class. The expected supply by type and phase 
are then aggregated to obtain expected wheat supply by phase. Expected long-run 
wheat supply is obtained by weighting expected supply associated with a phase by 
the probability of the phase occurring. This procedure is repeated for the with and 
without ENSO phase scenarios. The use of ENSO forecasts can lead to differences 
in the producer's decisions between the with and without forecast scenarios. As dis
cussed earlier, for the without ENSO forecasts scenario, a single optimal input com
bination is obtained. This single combination is used to obtain yields for each year. 
In the with forecast scenario, an optimal input combination is obtained for each 
phase. The input combination associated with each phase is used to obtain yields 
for years falling into the particular phase. 

RESULTS 

The amount of information obtained from modeling 31 sites in three differ
ent countries is enormous. For simplicity of presentation, only estimated national 
supply for each are presented. The site level results show that producers would make 
changes in optimal management practices in response to seasonal climate forecasts. 
Further results show producers optimal management practices vary between sites. 
The changes in optimal management practices that result from the use of seasonal 
climate forecasts are responsible for the shifts in national supply between the with
out and with forecasts scenarios. As expected, at most sites the use of climate fore
casts increased expected net returns. For the sites in the U.S. Combelt (soft red win
ter wheat), however, the use of SOI-based climate forecasts had no effect on 
producer's expected net returns. As expected, differences in seasonal climate con
ditions are another source of shifts in expected supply. These two sources of sup
ply shifts are discussed below. 

Verification of Supply 

To accomplish the necessary aggregation to obtain national supply relation
ships, several assumptions are made. It is assumed all producers are risk neutral, 
net return maximizers, and respond to prices by adjusting planted hectares and in
puts. Although these assumptions are reasonable, they ignore constraints placed on 
management by government farm programs and financial institutions. The effect 
of the constraints are to reduce producers responsiveness to expected price changes. 
Because there are no data to verify the with SOI-based climate forecasts scenario, 
verification of the intermediate results is limited to the without SOI-based forecasts 
scenario. With these limitations, two avenues are pursued for verification. In par
ticular, verification focuses on (i) the ability of the national supply relationships to 
offer reasonable estimates of wheat supply over the long-run and (ii) a comparison 
of the estimated national supply curves' own-price elasticity with elasticities from 
previous studies. 

For winter wheat, the U.S. historical average production over the period 
1974-1996 was 45.44 million metric tonnes (Tg) (USDA Agricultural Statistics 
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1974-1998). Long-run estimated supply from the winter wheat model is 43.41 mmt 
at the historical average price of $136 per metric tonne (t) or about 4% below his
torical average production. Lack of including all wheat producing areas in the USA 
is one possible explanation for the modest underestimation of actual average pro
duction. Another explanation is the use of an average price rather than calculating 
yields for each year using some proxy for producers' expected price. Regardless, 
the estimated long-run supply closely approximates U.S. winter production. For U.S. 
spring wheat, Canadian wheat, and Australia wheat production, historical average 
wheat production for the period 1974-1996are12.90, 24.86, and 14.60 Tg. The esti
mated expected long-run production of U.S. spring wheat, Canadian wheat, and Aus
tralian wheat are 11.37, 23.99, and 11.59 Tg using historical average prices. Again, 
the estimated long-run productions levels are similar to the historical average pro
duction. The percentage error between historical and estimated supply depends on 
the selected price between actual and estimated supply. For Canada and the USA 
the errors are < 10%. For Australia, the estimated production is about 20% less than 
the historical average, but the estimated long-run production includes only Australia 
Standard White and not hard prime, while the historical average contains both. 

Own-price elasticity of supply is a unitless measure relating responsiveness 
of production to changes in price. Given the form of the estimated supply curves, 
own-price elasticity increases as price increases. At the average prices given in Table 
7--4, approximate elasticities are calculated. For winter wheat in the USA, the own
price elasticity is calculated at 0.85. This own-price elasticity can be disaggregated 
by winter wheat type as follows: hard red is 0.38, soft red is 1.30, and soft white is 
2.01. The estimated own-price elasticity for U.S. spring wheat is 0.52, whereas for 
wheat production in Canada and Australia the estimated elasticities are 0.69 and 
0.39. Weighting the U.S. winter and spring wheat by expected production gives an 
own-price elasticity of0.78 for all U.S. wheat. 

Sullivan et al. (1989) presents own-price wheat supply elasticities for USA, 
Canada, and Australia of0.60, 0.50, and 0.90. These values represent a consensus 
estimate from previous studies. Except for Australia, the estimated elasticities in 
this study are slightly higher than the consensus estimates, but of a similar magni
tude. The estimated elasticities may be somewhat larger than the consensus esti
mates, because of the various farm programs and financial constraints that are re
flected in earlier estimates. The relatively large difference between the estimated 
Australian elasticity and the consensus estimate by Sullivan et al. (1989) may be 
caused by considering only Australian Standard White wheat in this study and not 
hard prime. The verification process shows (i) the estimated supply relationships 
offer good estimates of expected production and (ii) the own-price supply elastic
ities of the estimated relationships approximate consensus measures. This process 
suggests the estimated relationships approximate reality and should offer reason
able estimates for purposes of carrying out the objectives of this study. 

Expected Impact of Climate Variability 

Expected wheat supply curves for the USA, Canada, and Australia by phase 
for the without forecast scenario are presented in Fig. 7--4. As noted earlier, these 
supply curves are based on assuming the producers are not using seasonal climate 
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Fig. 7-4. Expected wheat supply by Southern Oscillation Index (SOI) phase for the Without SOI-based 
forecasts scenarios, Phase One-consistently negative, Phase Two-consistently positive, Phase 
Three-rapidly falling, Phase Four-rapidly rising, and Phase Five-near zero. 

forecasts. The producer's do have knowledge, however, of the historical distribu
tion of climate. Because of differences in wheat class production levels, the pro
duction axis scales differ. Expected supply differs by phase. Supply shifts associ
ated with a given phase varies by wheat class. Consider, for example, U.S. winter 
wheat. At any given price, the smallest expected production is associated with phase 
two, whereas the largest expected production is associated with phase three. In terms 
of expected production, the remaining phases (smallest to largest) are one, four, and 
five. As noted, this pattern of expected production varies by types of national sup
ply. For U.S. spring wheat, phases five and four are associated with the smallest 
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expected production, whereas phases three and one are associated with the largest 
expected production. In Canada, phases two and three are associated with the 
largest expected production. These phases also have nearly identical expected sup
ply curves. Phases four and one are associated with the smallest expected produc
tion levels. In Australia, supply is increased if SOI phases two or four occur in April 
to May preceding the wheat crop. Conversely, supply in Australia is decreased with 
occurrences of phases one or three. 

The higher the price, the larger the differences in expected production for all 
wheat types. This is partly caused by increased hectares in production at the higher 
prices. For example, at a price of $104/t, the difference between phase two and phase 
three expected production ofU.S winter wheat is 3.79 Tg, whereas, at $145/t the 
difference is 5.34 Tg. 

Use of Climate Forecasts 

The impact of the use of SOI-based seasonal climate forecasts on expected 
supply is illustrated in Fig. 7-5, 7-6, and 7-7. In Fig. 7-5, expected production with
out and with the use of climate forecasts are illustrated by phase for U.S. spring 
wheat. Similar plots for Canadian and Australian spring wheat are provided in Fig. 
7-6 and 7-7. Illustrated in these figures is the result that seasonal climate forecasts 
have an unequal influence by phase and region. For example, with use of the cli
mate forecasts, expected supply may shift to the right, left, or intersect the without 
forecast supply curve. A rightward shift indicates, the use of seasonal forecast will 
increase production in that phase, whereas a leftward shift indicates a decrease in 
production. Intersection of the supply curves indicates producers may react to sea
sonal forecasts differently at different prices. Another possibility shown in Fig. 7-5, 
7-6, and 7-7 is that the with and without expected supply curves may be nearly iden
tical. 

The use of seasonal climate forecasts may increase the variance of wheat pro
duction. To clarify, consider Canadian spring wheat supply associated with phases 
three and four. The use of climate information causes an increase in expected sup
ply in phase three, but a decrease in phase four (Fig. 7-6). Visualizing these four 
expected supply curves on a single graph, the two outside curves are the with fore
cast expected supply curves, whereas the two inside curves are the without fore
cast supply curves. Therefore, at any given price (a horizonal line), the difference 
in production between phases three and four in the with forecast scenario will be 
larger than the differences in production for the without forecast scenario. At a price 
of $C 172/t, for example, the difference in expected production in the without sce
nario is 8.61 Tg, whereas in the with scenario the difference is 10.32 Tg. 

It is clear from Fig. 7-5, 7-6, and 7-7 that changes in expected supply re
sulting from climate variability are considerably greater than shifts caused by the 
use of seasonal climate forecasts. To illustrate, consider Canadian expected supply 
for phases two and four in Fig. 7-6. For both the with and without-forecast expected 
supplies, the largest production levels in phase four are close to the lowest production 
levels associated with phase two. As a second example, consider the season fol
lowing phases one and two in Australia (Fig. 7-7). The use of climate forecasts has 
very little effect on supply for phase one, whereas in phase two the use of forecasts 
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Fig. 7-5. United States expected spring wheat supply by Southern Oscillation Index (SOI) phase for 
the With and Without SOI-Based forecasts scenarios, Phase One-consistently negative, Phase 
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Five-near zero. 

increases expected supply by about 0.3 Tg (price of$A188). For U.S. spring wheat, 
the changes are not as pronounced as with the Canadian and Australian expected 
supply, but changes in production that result from climate variability changes are 
greater than changes associated with the use of seasonal forecasts. 

Long-run expected supply curves are presented in Fig. 7-8. Long-run sup
ply is the probability weighted average of the expected supply for each phase. The 
use of the seasonal climate forecasts increases expected supply in all countries. The 
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Fig. 7-6. Canadian expected wheat supply by Southern Oscillation Index (SOI) phase for the With and 
Without SOI-Based Forecasts Scenarios, Phase One-consistently negative, Phase Two-consistently 
positive, Phase Three-rapidly falling, Phase Four-rapidly rising, and Phase Five-near zero. 

shift for U.S. winter wheat is difficult to distinguish in Fig. 7-8, because of scal
ing issues. In winter wheat, there are both increases and decreases in supply de
pending on the phase. When taking into account the probability of each phase oc
curring, the shifts tend to cancel in the long run. For the remaining wheat classes, 
either the increases and decreases did not cancel or wheat production experienced 
an increase in supply. These results suggest the use of climate forecasts will, at a 
given price, tned to increase expected production. 
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Fig. 7-7. Australian expected wheat supply by Southern Oscillation Index (SOI) phase for the With and 
Without SOI-Based forecasts scenarios, Phase One-consistently negative, Phase Two-consistently 
positive, Phase Three-rapidly falling, Phase Four-rapidly rising, and Phase Five-near zero. 

Variability 

All previous results represent expected values, taken over the range of cli
mate events associated with a particular phase. Such results provide useful gener
alities, but mask the variability associated with seasonal climate differences and cli
mate forecasts. Presented in Fig. 7-9, are the range and expected production levels 
for Australian wheat by phase for a price of $A 18 8/t for the with forecast scenario. 
The range of potential production overlap demonstrates that although there are large 
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Fig. 7-8. Long-run expected wheat supply for the USA, Canada, and Australia for the With and With-
out SOI-Based forecasts scenarios. 

shifts in expected production associated with specific SOI phases, the year-to-year 
variability within a phase remains greater than the expected shift among phases. 
Production in phase five is the most variable, ranging from 6.30 to 16.51 Tg, 
whereas phase four has the smallest production range (11.26-16.55 Tg). Phase four 
also has the largest expected production at 14.43 Tg. Similar overlapping produc
tion ranges are observed for all wheat types, countries, and prices. 
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IMPLICATIONS 

Although only briefly discussed, the results presented here show the use of 
climate forecasts may be beneficial to wheat producers at a given price. Changes 
in management practices that result from the use of climate forecasts will impact 
yields, thus aggregate supply. Aggregate supply changes will have price implica
tions. Changes in price at the aggregate level subsequently affects producer's net 
returns. Additional research is required to determine how these price influences will 
impact producers and consumers. 

A second and more compelling reason for examing the effects of the use of 
seasonal climate forecasts is the finding that changes in supply caused by climate 
variability are greater than the changes associated with the use of the forecasts. This 
finding suggests seasonal climate forecasts may provide information on the up
coming seasonal crop prices. These expected prices could be used to adjust inputs, 
hectares planted, crop mix, and marketing decisions such as price hedging, forward 
contracting, and other risk management schemes. To understand these impacts, eco
nomic models which include demand and international trade are necessary. 

Results suggest that wheat classes both with and between countries are im
pacted differently by climate associated with the different SOI phases. That is, phase 
1 in August to September is not the same as phase 1 in April to May of the following 
year. Winter wheat is affected differently by a particular phase than spring wheat. 
There is a need to consider transitions among phases as time moves from winter to 
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spring when modeling wheat trade. Compensation or magnification of the effects 
of ENSO-based climate variability generated by theses differences in seasons must 
be considered in an integrative trade model. Variability caused by climate itself and 
the use of seasonal climate forecasts will influence the effect of climate forecasts. 
Within any given price, the range of production by SOI phase in both the with and 
without forecast scenarios overlapped. This variability may impact the adoption and 
use of SOI-based forecasts. Decision makers in any given year may see no value 
to the use of the forecasts because of the variability inherit in any given phase. Fur
ther, the results suggest that increased refinement of climate forecasts beyond the 
SOI phases may be necessary to reduce variability. 
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APPENDIX A-Classification of the Years into ENSO Phases (19xx) 

August-September 
Phase 1 11,25,34,40,41,53,57,65, 72, 76, 77,82,87,90,93,94 

Phase 2 

Phase 3 

Phase 4 

Phase 5 

April-May 
Phase 1 

Phase 2 

Phase 3 

Phase 4 

Phase 5 

10, 16, 17,20,28,38,42,43,45,47,50,54,55,56,60,62,64,67, 71, 73, 
74, 75, 81, 88, 

32,39,46,51,58,69,92 

21,22,26,31,35,36,49, 70, 79,83,89 

12, 13, 14, 15, 18, 19, 27, 29, 30, 33, 37, 44, 48, 52, 59, 61, 63, 66, 68, 78, 
80,84,85,91 

26,40,41,66, 77,80,81,83,87,91,92 

10, 17,21,23,25,27,28,31,32,35,39,50,56,59,60,63, 71, 74, 75 

12,22,24,44,45,47,52,65,67,69, 76,93,94 

14, 15, 16, 18, 19, 33, 34, 36, 38, 43, 48, 54, 61, 84, 85, 89, 90 

11, 13,20,29,30,37,42,46,49,51,53,55,57,58,62,64,68, 70, 72, 73, 
78, 79,82,86,88 
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