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INTEGRATING OF WORLD WEATHER AND OTHER MARKET FACTORS IN

il FORMULATING U.S. CROP FORECASTS BY WORLD AGRICULTURAL

OUTLOOK BOARD .
Norton Strommen, Jim Matthews, and Raymond Motha*
H| Introduction

The gathering and analysis of market and weather data for crops
is broadly distributed among various groups and agencies in the U.S. H
Department of Agriculture. Principal contributors to this effort in-

clude the Foreign Agricultural Service (FAS) and its network of agri- r

cultural attaches, Economic Research Service (ERS), Statistical
Reporting Service (SRS), and the World Agricultural Outlook Board (WAOB)
staff, including the Joint Agricultural Weather Facility (JAWF).l The
World Agricultural Outlook Board coordinates and clears the preparation
and release of crop and livestock outlook information.

These groups interact monthly or more often if conditions warrant
to assess global agricultural commodity production and markets.

Summaries of these assessments are released immediately following closed

* .
The authors are with the World Agricultural Outlook Board of the
'U.S. Department of Agriculture.
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review sessions under tight security on two concurrent work days. U.S.
and world crop production forecasts followed by a global set of supply/
demand estimates for major crops are released initially. More compre-
hensive published reports are released later. These include circulars
and situation reports issued by FAS, SRS, and ERS.

The more frequent shortages in regional crbp production coupled
with growing world trade and reduced global stocks in £he 1970s re-
vealed the need for improved weather assessments and a comprehensiye
knowledge of world commodity market factors in USDA. JAWF provides
USDA with current weather data from around the globe and monitoré
weather events for early warning of potentially adverse impacts on crop
production, while systematically evaluating crop yield potentials in all
major producing regions.

The analysis and integration of weather data with other market
analysis procedures is still a relatively new and evolving process in
USDA. This paper discusses the basic analytical and procedural frame-
work used to prepare annual U.S. crop forecasts which are updated
monthly. To illustrate the process, we will review the market
assessments for soybeans and corn during 1980 when weather was of
particular concern. Items to be considered include: actual and normal
weather data with their implications in supply estimation, key inter-
national market factors for oilseeds and grains, and their export and
price implications. The discussion concludes with identification of

some key areas where additional work is needed to strengthen market
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analysis procedures.
The Role of Meterologist

The Joint Agricultural Weather Facility (JAWF), provides a multi-
disciplinary team to monitor global weather events and assess their
impact on crop development and yield potential. Currently, all assess-
ments are qualitative in nature with emphasis on monitoring for adverse
weather events that could cause significant crop yield reductions. The
flow of surface weather observation from about 8,000 stations around
the globe is integrated with available satellite imagery for areas of
sparse data coverage and oceans. The current JAWF capability in pro-
viding systematic weather monitoring and analysis can be illustrated
by describing the process used during the 1980 and 1981 growing seasons.

The JAWF data support for the United States is more comprehensive
in coverage than for other major crop areas. However, the basic
techniques used for global crop-weather assessments are the same.

The primary difference is the detail of verifying crop data provided
by the Statistical Reporting Service (SRS) in the United States. Early
crop prospects are based on analysis of current temperature and precipi-

tation data, or derived indices using these data, and comparisons

‘with available historical data series. The first step in analysis is

the review of antecedent moisture conditions. For the United States,
the Palmer Drought Index (PDI) and the Crop Moisture Index (CMI),
(Figures 1 and 2) are used. As shown in these figures, early season

moisture-deficient areas in 1980 are limited to the Northern Rockies,
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The Crop Moistare Index measures the degree to which
Moaisture requirements of Browing crops werc met during
the previous week. The index 1s computed from average
weckly villues of temperature and precipitation.  These
values are uswd to caleulate the potential moisture
demand,  Taking into account Lhe previous soi) moisture
condition and current rainfall, the actual morsture
loss is determinnd.

If the potential moisture demand, nr potential
evapntranspiration, exceeds available moisture supplies,
actusl evapoatranspiration is reduced and the CMT pives a

UNSHADED AHEAS: INDEX DECREASED

ABOVE 3.0 SOME DRYING BUT STILL EXCESSIVELY WET

2.8 o 4.0 MORE DRY WEATIER NEEDED, WORK DELAYED

1.0 to 2.0 FAVORABLE, EXCEPT STILL TOO WET IN SPOTS
0 tn 1.0 FAVORABLE FOR NORMAL GROWTH AND FIELDWORK
7 ro -1.0 TOPSOIL MOISTURE SHOHT, GERMINATION SLOW

=L.0 to  -2.0  \ABNORMALLY DRY | "PROSPECTS DETERIORATING

=20 to -i.0 TOO DRY, YIELD PROSPECTS REDUCED

=d20 e eln POTENTIAL YIELDS SEVERELY CUT By DROUGHT

BELOW =1.0 EXTREMELY DRY, MOST CROPS RUINED

negative value.
demand the index

CROP MOISTURE INDEX
April 12, 1980

SHADED AREA INDICATES
INCREASE OR NO CHANGE
IN INDEX DURING WEEK

National Weather Service. NOAA —

However, if moisture meets nr rxceeds
1S pusitive,

Shaded arcas indicate the index was unchanged or

increased
unshaded arcas.
identified hy W rar wet

Locul moisture cunditions may vary
in rainfall distribution ur seil Lypes.
ture and stage of
assessing

SHADED ARFAS:

ABOVE
2.0
1.0

0
0

-1.0

-2.0

-3.10

BELOW

3

=,
-4,

from the

previous week's villue,

in the
Contors or positive and negative areas are

soils dried

and U for dry.
because of differences
crop development must

be considered when

the impact ot moisture conditions based an the
Crop Moisture Todex.

Some gencral guidelines lollow.

INDEX INCREASED OR DID NOT CHANGE

EXCESSIVELY WET, SOME FIELDS FLOODED

TOO WET, SOME STANDING WATER

PROSI'ECTS ABOVE NORMAL, SOME FIELDS TOO WET
MOTSTURE ADEQUATE FOR DPRESENT NEEDS
PROSPECTS IMPROVED BUT HATN STILL NEEDED
SOME  [MPROVEMENT NUT STILL TOO DRY

DROLGHT KASED BUT STILL SERIOUS

DROUGHT CONTINUES, RAIN UNCANTLY NSEEDED
NOT ENOUGH HAIN, STILL EXTREMELY huy

The tvpe of agricul- &
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eastern Montana, and New England. The PDI.and CMI values are updated
weekly throughout the growing season. In 1980 the soil moisture situ-
ation changed dramatically from very favorable at the time of planting
or emergence from dormancy on April 12 to very unfavorable by July

19, 1980 (Figure 3). While the drought continued to intensify

through the remainder of the growing season, the yield reductions had
already taken their toll.

The crop yield reduction due to drought in 1980 was unlike most
drought yield loss patterns in the United States during the 1930s and
1950s, because early season moisture was highly favorable. The 1980
drought féatured fhe rapid withdrawal of the available soil moisture
and an almost complete.absence of rainfall in many areas during the
critical periods for crop development through the late vegetative and
reproductive stages.

Data for Wichita Falls, Texas, (Figure 4) vividly portrays the
grimness of the pattern common to the hardest hit areas. After a near
normal spring at Wichita Falls, rainfall during the key vegetative,
reproductive stages was limited to 0.55 inches for June, July, and
August combined--the driest summer since availabie records began in
1940. June was the driest, July second driest, anq Augﬁst the sixth
drieét, but the June-July and June-July-August periods were the
driest sincé 1940.

For countries or regions where a systematic soil moisture index
has not been developed, the antecedent moisture may be estimated

and monitored by the cumulative precipitation maps expressed as total
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The Crop Molsture Index muasures the degree to which
moisture requirements of growing crops were met during
the previous week. The index s computed from uverage
weekly vulues of temperature and precipitation, These
values are used to calculate the potentinl molsture
dimand, Taking into aceount the previous s01l moisture
conditlon and current rainfall, the actual mouisture
loss is determined.

Il the potential moisture demand, or potential
wvapotranspiration, exceeds available moisture supplies,
actual evapotranspiration is reduced and the CMI gives u

UNSUADED AREAS: [NDEX DECREASED

ABOVE 3.0 SOME DRYING BUT STILL EXCESSIVELY WET

2.0 to 3.0 MORE DRY WEATHER NEED, WORK DELAYED

1.0 to 2.0 FAVORABLE, EXCEPT STILL TOO WET IN SPOTS
0 to 1.0 FAVORABLE FOR NORMAL GROWTH AND F1ELDWORK
0 to -1.0 TOPSOIL MOISTURE SHORT, GERMINATION SLOW

-1.0 to -2,0 ABNORMALLY DRY, PROSPECTS DETERIORATING

-2,0 to =-3,0 TOO DRY, YIELD PROSPECTS REDUCED

-3,0 to ~-4.0 POTENTIAL YIELDS SEVERELY CUT BY DROUGHT

BELOW -4.0 EXTREMELY DRY, MOST CROPS RULNED

el CROP MOISTURE INDEX
July 18, 1980

NOAA/USDA JOINT AGRICULTURAL WEATHER FACILITY

SHADED AREA INDICATES
INCREASE OR NO CHANGE
IN INDEX DURING WEEK

A
7
>
7 /D }-
A
‘\( s
W3
Q { +3
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negative value. However, 1f moisture meets or exceeds
demund the index is positive,
Shaded arcas indicute the index was unchanged or
{ncreased [rom Lthe previous week's value: soils dried n the
unshaded areas, Coenters ol pusitive and acdal ive Areas are
identified by W for wet and D tor dry.
Local moisture condilions may vary because ol differences
in ratnfall distribution or sutl types. The Lype ol agricul-
Lure and stuge ol crop development must Le considered when

assessing the inpact ol molsture conditions hased on the
Crop Moisture lndex. Somc: general guidelines follow.

5:  INDEX [NCHEASED OH DID NOT CHANGE
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SHADED AREA

ABOVE 3,0 EXCESSIVELY WET, SOME FIELDS rLOODED
2.0 to 3.0 TOO WET, SOME STANDING WATER
1.0 to 2.0 PHOSPECTS ABOVE NORMAL, SOME FTELDS TOO WET
0 to 1.0 MOISTURE ADEQUATE FOR PRESENT NEEDS
0 to -1.0 PROSPEUTS IMPROVED BUT HAIN STr(L NEEDED
-1.0 to =-2.0 SOME IMPHOVEMENT BUT STILL TOO LRY
-2.0 to -3.0 DROUGNT EASED BUT STILL SERIOUS
-3.,0 to -4.0 DHOUGHT CONTINUES, RAIN URGENTLY NEEDED
BELOW 4.0 NOT ENOUGH HAIN, STTLL EXTREMELY DRY
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precipitation and/or percent departure from normal.

The progress of the growing season is then followed on a daily
basis by monitoring for any significant weather event such as extreme
seasonal hot or cold temperatures, heavy rainfall, extended dry
periods, unseasonable frost, high winds, flooding, and the like. A
series of critical meteorological data, adjusted for the different
crop states, is maintained in the National Meteorological Center (NMC).
Computers automatically monitor the flow of incoming data for values
exceeding these stated limits. These selected observations are then
printed out as episodal events and used as indicators to alert analysts
of potential problem areas. These can then be reviewed and evaluated
against any other available information to ascertain the area affected
and likely impact on crops at their respective stages of development.
In 1980, these problems included not only a record-setting heat wave
over thé United States but an extended drought in australia. In the
USSR, the problem was excessive moisture. The weather events can be
related to crop stage of development, initially using the historical
crop calendar data as a reference for normal croﬁ progress by area
(Figures 5-6).2 Adjustments to the normal crop devélopment pattern.
can be estimated using the concept of Growing Degree pays (GDD) and/or
field reports that indicate areas where crop progress may be early or
late (Figures 7-8). Similarly, the monitoring of daily temperatures
may be used to indicate when winter grains likely begin their spring
growth (Figure 9). Thus, temperature, which is also used to compute

GDD, is a critical parameter for analysis of crop conditions.
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Precipitation is another important potential yield indicator at
critical stages of plant development. Given favorable temperatures,
the key factor in 1980 for corn yields in Argentina was precipitation
during January and February. The yield series for the most recent 10
years provides an estimate of technology levels (Figure 10), and the
key monthly totals of precipitation can be related to observed past
yields as an indicator of potential yield for the current year (Figure
11). In this case, January is a critical month and the previous record
yields of 1977 were in part related to generous January rainfall.
similarly, the low yields of 1975 and 1979 are related to below-normal
rainfall in January of these years.

For the United States, the key elements for corn and soybeans are
soil moisture during the growing season and temperatures during July
and August. The 1980 heat wave reached into the Corn Belt about the
time of tasseling, and even where soil moisture levels were still
adequate, pollination was adversely impacted, particularly in the
South and West sections of the corn and soybean regions with lowest

yields.

Economic Considerations

For 1980, early indications of potential crop-weather impacts on
yields and production for the major crops was particularly important
in making adjustments of probéble price and commodity utilization
prospects. The economic setting in the late spring and early summer

was characterized generally by expectations of weak economic growth,
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nigh inflation, high interest rates, and very ample supplies of agri-

cultural commodities, particularly in the United States. Inventories

of corn and soybeans were at record high levels and the winter wheat
crop certainly was as likely to be as large as the very large 1979-80
crop. It also was an election year adding to uncertainty about the
path of monetary and fiscal variables in‘the year ahead outlook.

The USDA's initial supply-demand forecasts in May for major crop
commodity prices and use for 1980-81 feflected the geheral pessimism
about demand prospects and expected large crop supplies. Forecasts
for season average prices for both soybeans and corn were essentially
unchanged from the previous year average prices which were at the
lowest level in 10 years on an inflation-adjusted basis. The only
thing certain about 1980-81 forecasts, as the season progressed, was
that they would be wrong.

As part of the USDA effort to understand sources of forecast
errors, objective aﬁalysis of USDA's commodity forecasts, including those
for 1980-81, is needed periodically if the market assessment work is
to show continued improvement, but that is too large a task for this
paper. However, the 1980-8l1 experience does highlight many of the most
difficult areas in terms of improving our commodity forecasts. These
are illustrated by the 1980-81 forecasts for soybeans summarized in
Tasles 1and 2.

The annual forecasts for U.S. soybean supply, price, and use for
the marketing year beginning in September are initiated in May, and

extended to world forecasts in July. Initiation of forecasts for
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soybeans in May or July is increasingly more difficult because of

the growing influence of the South American crop which is not planted
until November and December and harvested the next April and May or
about midway through the U.S. crop year. 1In addition, soybeans have
substantial competition from other oilseeds and oils. Considerable
effort has been made to compile data bases and improve the monitoring
of the current supply, price and utilization rates of these competitors.
Other oilseeds and oils, including palm, have been quite influential
at times in affecting price and utilization changes for sdybean oil.
While these factors require considerable attention, production esti-
mates for other oilseeds outside the United States were on target in
1980-81, However, palm oil supply and export availabilities were
generally much greater than anticipated in those early soybean and
soybean product supply and use estimates. Ultimately, more compre-
hensive accounts for total vegetable oils and parameters for assessing
their market price impacts are needed.

Nevertheless, a review of Table 1 does indicate that USDA's world
soybean production estimates outside the United States were not a
source of error in the 1979-80 or 1980-81 forecasts for soybeans. The
largest single forecast error for the soybean complex in 1980-81 was
the shortfall in U.S. production of all oilseeds, and closely competing
crops such as corn. The full implications of U.S. crop problems for
soybeans were not indicated in USDA forecasts until August following
the objective yield survey on August 1.

Earlier season estimates were based largely on trend with little
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allowance for weather-related factors. Hopefully, weather in-

. in our current vield modeling efforts should provide greater

ly season Crop estimation capability and lead to more timely adjust-
to assessments about price and use prospects in the future. The
tance of such crop production assessments are indicated in Table

or 1980-81 by examining sources of probable variation in soybean

ces attributed to various economic and physical factor changes.
;price parémétéfs used are based on.variéus econometric studies.
plemented by gualitative judgments where specific quantitative

ults are not available (1, 2, 3, 4, 5).

The results summarized in Table 4 indicate that initial price fore-
ts for soybeans in May were subsequently changed over the May-October
Iiod, principally because of U.S. crop production changes. The big

ge for forecasted soybean prices occurred in the May-August re-

ion following a reduction of 202 million bushels in soybean
duction,'é 540-million-bushel decline in corn production and over
-million-metric-ton decline in other oilseeds production in the U.S.

ge corn stocks held in the farmer-owned reserve and significant corn

The $1,37 per bushel increase in the soybean price forecast between

£

i

@y and August was due primarily to the reduced crop estimates.

gnificant upward revisions in livestock price prospects for 1981 also
=

as a factor in higher price forecasts for soybean meal and soybeans
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in Augqust. Further upward revisions in soybean price forecasts through
October also were principally attributed to a further reduction in
U.S. supply estimates for soybeans and corn.

While the potential payoff for improved earlier season crop
yield assessments in the United States is gquite clear, other signifij-
cant areas of concern are revealed particularly in the price forecast
updates after October. These concerns are primarily demand oriented.
The big factors in the case of soybeans were a cambination of interest
rate and exchange rate impacts along with trade policies particularly
in major importing countries. Exchange rate adjustments over the full
forecast period were considerable. A soybean trade weighted exchange
rate for the U.S. dollar rose about 17 percent from October 1980 througﬁﬁ
July 1981 and reduced soybean prices perhaps by around 75 cents per
bushel. Such an estimate is a very soft figure as exchange rate im-
pacts are still quite uncertain despite estimates developed by wvarious
analysts. Quantitative estimates of interest rate impacts also are
very rough. Their impacts were thought to be quite substantial in
1981 on soybean prices and may have accounted for around 50-cents-
lower soybean prices in 1980-81. The incorporation of interest rate
effects in the USDA price forecasts for corn and soybeans was done
mostly by moderating the price forecasts based on anticipated interest
rate changes.

In conclusion, the weather data did provide an effective indi-
cator of areas where significant reduction in crop yields could be

expected in the United States, Australia and USSR in 1980. Because
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the crop-weather assessment process is still evolving, much work re-
mains to be accomplished to achieve full integration of weather data
into the commodity analysis-projection work. Perhaps the largest
single hurdle to be overcome is assembling high quality historic data
bases for all major world crop regions. All known crop index concepts
need further operational testing, but this approach has performed

well as an indicator of production problems. Translating weather data

into good yield forecasts still has to be done, and the researcher

must, however, keep in mind that useful operational yield models will
. require extensive, timely data and computational support services.
Models also must be relatively simple and incorporate known cause and
effect relationships to enhance its credibility and usefulness. This is
the focus of the next stage of our program development that we are now

undertaking.
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Footnotes

lJAWF meteorologists working in USDA's South Building are part of
the NMC's support to Agriculture.

2Major World Crop Areas and Climatic Profiles, USDA/WAOB/JAWF,
September 1981.
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