The Joint Agricultural Weather Facility's
Operational Assessment Program
Abstract
The Joint Agricultural Weather Facility (JAWF), a cooperative effort between the Climate Analysis Center, NMC/NWS/NOAA (National Meteorological Center/National Weather Service/National
Oceanic and Atmospheric Administration) and the World Agricultural Outlook Board, U.S. Department of Agriculture (USDA), focuses on weather anomalies and their effects on the crop-yield potential in major international crop areas. The basic mission is to provide
an objective procedure for translating the flow of global weather information into timely and accurate assessments of growing-season
conditions which ultimately impact on global agricultural production and trade. Daily monitoring of satellite weather images and meteorological data provides the framework for agricultural weather
analysis. Daily, weekly, and seasonal summaries are processed and
merged with historical weather and crop data for evaluation of the
crop-yield potential. Information is disseminated at routine briefings, in written summaries, and through informal discussions.

1. Introduction
Global agricultural productivity has steadily increased during the past 30 to 40 years, as producers around the world
have responded to growing consumer demand. Figure 1 shows
the annual increase in the world's total grain production
since 1970. Many countries now face land constraints, however. As the relatively fertile and easily accessible lands are
utilized, expansion often occurs on more-marginal areas
where production costs become higher to sustain the yield
potential. Yield-enhancing technological advances provide
the other primary source of increased productivity. Recently,
record 1984 wheat yields in the European Community (EC)
were largely attributed to the adoption of hybrid wheat varieties. The EC is ranked among the top-four wheat producers including China, the Soviet Union, and the United States.
India's wheat production has more than doubled since 1970
because of technological improvements. Simultaneously, the
volume of global grain and oilseed trade nearly doubled during the 1970s. These commodities account for about threefifths of the world's total agricultural production.
Agriculture's rapidly changing role in the worldwide
economy necessitated alterations in systems designed to
monitor crop productivity. Variability of weather and climate is now acknowledged as a key factor in global cropproduction prospects. While steady trends have been observed in global agricultural production, large regional
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fluctuations are also well documented on a yearly basis.
Weather variability is the major cause of year-to-year deviations in crop yields from projected early-season trends. The
consequences can be significant for international trade. Favorable growing-season weather, coupled with increased
crop area and improved technology, can turn a major grain
and cotton importer such as China into an exporter. Untimely weather events can also cause a major commodity exporter to become an importer, as happened to South Africa
in 1983 and 1984.
Since 1980, notable weather-related crop losses occurred
in Australia, 1982; in South Africa, 1983 and 1984; in Canada, 1984 and 1985; in the United States, 1980,1983 and, to a
smaller degree, 1984; in Brazil,1981; and several recent years
in the USSR as well as on the persistently drought-plagued
continent of Africa. During the recent 1985/86 growing season, a prolonged drought caused substantial damage to Brazil's coffee crop and severely stressed soybeans and other
summer crops in the major southern growing areas. On the
other hand, favorable weather helped produce record or
near-record crop yields in the United States, 1981 and 1982;
in the EC, 1984; in Canada, 1983; in Australia, 1983; in Argentina, 1984; and several recent years in China. These events
demonstrated that a need for global surveillance of agricultural weather is necessary in order to maintain an early alert
status of conditions which may alter the yield potential on a
regional scale and ultimately impact on United States supplies of and prices for agricultural commodities.

2. The Joint Agricultural Weather Facility
(JAWF)
The U.S. Department of Agriculture (USDA) is one of only
two organizations that systematically forecast world agricultural production and global crop information (the United
Nations' Food and Agriculture Organization, FAO, is the
other major organization). Indicative of the new emphasis on
weather and climate within USDA was the establishment of
the Joint Agricultural Weather Facility (JAWF), a world
agricultural weather information center, in 1978. The facility's primary function is to conduct a world agricultural
weather watch and assess the impact of anomalous growingseason conditions on crop- and livestock-production prospects. JAWF is a cooperative effort between the National
Weather Service's Climate Analysis Center (NWS/CAC)
and the Department of Agriculture's World Agricultural
Outlook Board (USDA/WAOB) and Statistical Reporting
Service (USDA/SRS). The unit is located at USDA headquarters. Figure 2 presents a schematic chart of the organizaVol. 67, No. 9, September 1986
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FIG. 1. The world's annual total grain production expressed in
billions of metric tons for the period 1970-1985.

tional structure and the flow of data products for operational
analysis.The staff consists of 1) NOAA/NWS meteorologists
who provide skills in global synoptic weather analysis, interpretation of meteorological satellite data, and the management of a global weather data base and derived products, and
2) USDA/WAOB agricultural meteorologists who merge
these data with historical climatological analyses and agronomic information to evaluate potential crop responses. The
incorporation of existing relationships between weather,
plant growth, and crop-yield potential into a systematic
methodology for operational analysis, and the ability to
transform weather data into timely and effective agroclimatic information for the decision-making process, form the
basis for JAWF's program. A USD A agricultural statistician
from the Statistical Reporting Service (SRS) provides extensive domestic crop data.
JAWF is the focal point for the transfer of near-real-time
operational weather data from the global station network, as
well as products derived from station data and estimated satellite-derived meteorological data, used for outlook and situation work by agencies of the USDA. The term operational
refers to routine daily WMO data and derived products as
opposed to research-oriented or untested data products.
Quantified agricultural weather assessments are integrated
into USDA's process of systematically updating international crop-production estimates at USDA's monthly interagency world crop-production meetings and special briefings. JAWF's specific tasks are as follows:
1) to continuously monitor regional agricultural weather
patterns;
2) to synthesize information on crop areas, crop calendars, and cropping patterns;
3) to identify anomalous weather and provide initial qualitative crop-impact assessments;
4) to utilize crop-weather relationships to quantify agricultural weather assessments;
5) to interact with agricultural economists and statisticians to integrate quantified yield analyses into the
process of commodity production estimates;
6) to provide pertinent, timely information to the Secretary of Agriculture and USDA staff; and,

FIG. 2. Schematic diagram of the Joint Agricultural Weather
Facility's organizational structure and the flow of data products for
agricultural assessments.

7) to disseminate informative summaries of international
crop-weather assessments for release via the Weekly
Weather and Crop Bulletin, USDA World Crop Production Report, press releases, and special publications.
The process by which these tasks are accomplished at JAWF
is reviewed in the following sections.

3. Meteorological data base
The Climate Analysis Center (CAC) was established within
the National Weather Service's National Meteorological
Center (NMC) in 1978. The mission of the CAC is to develop
and apply new methods for monitoring global climate fluctuations. Current weather information is obtained primarily
from scheduled observation reports of surface conditions received via the Global Telecommunications System (GTS)
and permits short-term climate anomalies to be identified
and monitored continuously. The value of current information depends strongly on receipt of consistent, complete, and
accurate reports of global observations. Global surface data
are routinely received and processed every few hours at
NMC, and many computerized analysis products are regularly produced from surface and upper-air data bases and
from operational satellite radiation data. Primary observations utilized for CAC's Climate Assessment Data Base
(CADB) are those of the World Meteorological Organization (WMO) global synoptic surface network, which includes
over 6000 regularly operating stations. A concerted effort is
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made by CAC to ensure the highest degree of CADB accuracy for near-real-time information. Quality-control procedures are used to identify report errors. Finger et al. (1985)
discussed in detail the data-processing and quality-control
procedures implemented by CAC and reviewed the methodology for estimating precipitation amounts employing synoptic observations.
Daily summaries of global precipitation and temperature
from the NMC Suitland Computer Facility, surface- and upper-air charts, polar-orbiting, GOES (Geostationary Operational Environmental Satellite), METEOSATand GMS (Geostationary Meteorological Satellite) satellite images, and
automated near-real-time meteorological data products from
the CADB are received and processed daily at JAWF for routine monitoring and briefing purposes. Station reports of
precipitation and temperature in all agricultural areas are
plotted daily for review at the regular briefings. This daily
monitoring of station data, synoptic weather, and satellite
cloud patterns allows a close scrutiny of regional agricultural
weather before daily, weekly, and monthly weather summaries are compiled for further analyses.
JAWF disseminates the global station data base to USDA's
Foreign Agriculture Service (FAS). The Foreign Crop Condition Assessment Division (FCCAD) in FAS uses these
data to supplement its analytical capability in satellite imagery
analysis. Other USDA agencies use JAWF data products for
integration into global agricultural production estimates as
well as for other specific agency needs.

4. Agricultural applications
Weather is the single most important growing-season factor
affecting deviations from early-season crop-yield projections. Other nonweather factors consisting of technology-related terms (i.e., seed varieties, fertilizer usage, management
practices) contribute significantly to the final observed
yields. Further, crop production is the resultant of crop yield
per unit area times total area. These nonweather-related
production components are analyzed by other USDA agencies. JAWF provides an objective procedure for translating
the flow of global weather information into assessments of
the crop-yield potential which are then integrated into
USDA's analytical process for estimation of global area,
yield, and production statistics. These data are, in turn, used
to evaluate global supply and use estimates. USDA's world
crop-forecasting process has been implemented so that annual forecasts are regularly updated on a monthly basis.
Both qualitative and quantitative assessments of the cropyield potential are provided in international areas where
anomalous growing-season weather is identified and selected
for review in the monthly meetings. USDA crop analysts
evaluate JAWF's objective, weather-related analysis and
bring to discussion all other interagency analyses before finalizing the monthly crop estimates.
The monthly interagency meeting is the culmination of a
continuous global monitoring program, which begins with
JAWF's daily agricultural weather briefings. The evaluation
of a crop's yield response is based upon the cumulative effects of weather during the crop's development. The crop's
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response to anomalous weather is a function of crop type and
growth stage. For example, corn has entirely different
growth characteristics from soybeans, although both are
warm-season crops often grown in the same area. The yield
potential in both corn and soybeans is closely related to
water availability as well as the temperature patterns over the
growing season. In corn, peak water use occurs about the
time of silking and early grain development. Field research
indicates that moisture stress (soil-water depletion to the
wilting point) for two days during the pollination period can
result in as much as a 22 percent decrease in crop yields, while
a six to eight day stress period can cause a yield reduction of
up to 50 percent. Water stress during this crucial reproductive period, accompanied by hot weather, in effect sterilizes
the plant (Waldren, 1983). In contrast, soybeans show a remarkable capacity to adapt to water stress by shedding flowers and pods and, within limits, producing additional flowers
and pods if the moisture supply is replenished before the critical threshold for growth is reached (Ashley, 1983).
The emphasis of JAWF's analytical capability is on macroscale (regional) applications of agricultural meteorology as
opposed to microscale (field-size) applications. In regionalscale applications, data are limited and assumptions are required. These two important facts make it imperative that
the professional staff ensure proper use of the data and provide accurate interpretations of the results with due consideration of the underlying constraints. Often, an accurate assessment of the direction of crop-yield deviations from initial
projections several months prior to the final harvest statistics
is as important as estimating the yield potential during the
harvest season. The error in potential-yield forecasts should
decrease as weather factors accumulate during phenological
development. Significant contributions of weather to the
yield potential often become apparent by the reproductive
stage. Contributions to the yield potential can extend
through the harvest season, however. Recently, persistent
and heavy rains during the grain maturation and harvest periods adversely affected both quantity and quality of the
wheat crops in Canada and Argentina. Thus, cumulative seasonal effects must be carefully evaluated.

5. The operational assessment program
While station data are sparse in some crop areas, agriculturally useful information has been obtained for crop assessment by rigorous monitoring of meteorological observations, synoptic reports, and weather-satellite imagery. The
ancillary information, derived from surface and upper-level
synoptic reports, and weather-satellite products, is extremely
important. Rain-producing convective cells can develop,
reach maturity, and dissipate without being detected at station sites, regardless of the density of reporting networks.
Synoptic reports provide a general overview of atmospheric
conditions, which may be conducive for random convective
activity. Satellite imagery provides either qualitative or
quantitative techniques for identifying cloud coverage as
well as the distribution of precipitation over a crop area.
Since locally heavy convective activity is a random phenomenon, the impact on regional crop-yield potential can only be
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1. Episodic events affecting the growth of spring wheat in
Canada during the summer of 1985, 10 June through 8 July.

TABLE

Station
71862

71864

71866

71872

71874

71877

Date of
Occurrence
07/05-07/08
07/05-07/06
07/08
06/11-06/24
07/01-07/08
07/02-07/06
07/05
06/11-06/30
07/01-07/08
07/04-07/06
07/05
06/10-06/03
07/01-07/08
07/01-07/08
07/02
07/05
06/10-06/30
07/01-07/08
07/03-07/08
06/10-06/30
07/01-07/08
07/04-07/06
06/10-06/19
06/21-06/30
07/01-07/08

Data
Value
T>
T =
T =
P=
P=
T>
T =
P=
P=
T>
T =
P=
P=
T>
T =
T =
P=
P=
T>
P=
P=
T>
P=
P=
P=

33C
>36C
>36C
01mm
00mm
31C
>38C
04mm
00mm
31C
>37C
05mm
00mm
32C
>35C
>36C
02mm
00mm
31C
01mm
00mm
31C
01mm
03mm
00mm

Type of Episode
4 days with high temperature
2 days with very high temp.
1 day with very high temp.
14 days with low precipitation
8 days with low precipitation
5 days with high temperature
1 day with very high temp.
20 days with low precipitation
8 days with low precipitation
3 days with high temperature
1 day with very high temp.
21 days with low precipitation
8 days with low precipitation
8 days with high temperature
1 day with very high temp.
1 day with very high temp.
21 days with low precipitation
8 days with very high temp.
6 days with high temperature
21 days with low precipitation
8 days with low precipitation
3 days with high temperatures
10 days with low precipitation
10 days with low precipitation
8 days with low precipitation

evaluated by proper monitoring of all available information
throughout the growing season.
JAWF uses a variety of data products to tailor the global
data base for regional agricultural weather assessments. An
episodic events program monitors the daily global station network and identifies stations meeting criteria for specific crop
seasons. Table 1 lists a sample set of stations for the Canadian Prairies from 10 June to 8 July 1985 showing hot, dry
weather, which occurred as spring wheat advanced into the
reproductive phase. The listing includes consecutive days of
no or low precipitation, unusually heavy precipitation, and
temperatures above or below threshold values depending on
the season of the year. Thus, episodes of hot and/or dry
summer weather, extremely cold winter weather, and temperatures above/below the spring/autumn threshold values for
dormancy are flagged. Knowledge of cropping patterns and
stage of crop development is necessary in order to accurately
identify the magnitude of potential crop stress during such
episodes. The duration, intensity, and coverage of anomalous weather episodes are also factors to be considered. This
program allows a station-by-station monitoring of conditions, which may develop into yield-related anomalies.
During the summer growing season in both hemispheres,
agriculturally important parameters such as vapor-pressure
deficits and potential evapotranspiration (PET) are computed. These parameters provide indications of the degree of
stress that crops may encounter, depending on the prevailing
atmospheric conditions and the supply of moisture available
to the crop. The vapor-pressure deficit (VPD) is defined as
the difference between actual vapor pressure and the saturation vapor pressure at the existing temperature. Large vaporpressure deficits (low relative humidities) occur frequently
during the summer months, especially in semi-arid to arid regions. The rate of evaporation from a surface is highly dependent upon the vapor-pressure deficit as well as wind
speeds. Higher wind speeds increase atmospheric mixing

FIG. 3. Vapor-pressure-deficit analysis for the South African
Maize Triangle on 22 November 1985. Vapor-pressure deficits are
expressed in millibars (mb).

providing the mechanism for removal of water vapor from
the evaporating surface.
Regionally, the advection of sensible heat into crop areas
from extraneous sources contributes an additional source of
energy for evaporation (Brakke, 1978). Numerous agricultural areas are subjected to hot, dry air masses which are generated over large arid regions and advected into the crop area
by strong winds. Vapor pressure deficits become very high
under these conditions. The terms sukhovei in the USSR, lebeche in Spain, sirocco in southern Europe, and harmatten in
West Africa are used to describe such atmospheric conditions. This phenomenon also occurs in the U.S. Great Plains,
Australia's wheat belt, and South Africa's corn-growing region as well. Figure 3 illustrates a daily VPD analysis for the
South African corn region on 22 November 1985. Earlyseason hot, dry weather stressed young corn in early vegetative growth. In fact, the planting season was extended due to
the unfavorable conditions. The source regions for all of the
above-mentioned areas are large arid zones adjacent to these
major agricultural areas.
The effects of these atmospheric conditions on vegetation
are evident. The effects vary depending on the type of crop,
the stage of crop development, and the status of the crop regarding conditions during the growing season. The impact of
high temperatures and severe moisture deficits on crops are
leaf wilting, scorching of plant tissues, shriveling, premature
ripening, and undersized grain. Depending on the severity,
duration, and extent of the episode, the ultimate impact is a
decline in the yield potential. Daily computations of vaporpressure deficits provide an initial indication of conditions
leading to potential stress. Observations of weather patterns,
based on surface and upper-level charts, offer additional
clues regarding the degree of severity within a crop area. The
desiccating effects on plant growth during such a short-time
interval require close scrutiny during the growing season.
Soil evaporation and plant transpiration occur simultaneously in nature. PET, by definition, is the evaporation from
an extended surface of a short, uniform crop, fully shading
the ground, exerting negligible resistance to the flow of
water, and always well supplied with water (Rosenberg,
1974). The term evapotranspiration (ET) is a more-realistic
expression of the total process of water transfer into the atUnauthenticated | Downloaded 01/09/23 04:56 AM UTC
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FIG. 4. Moisture-availability index for the state of Rio Grande do
Sul, Brazil for the period 7 September 1985-2 February 1986.

FIG. 5. Growing-degree-day calendar for soybeans.

mosphere from vegetated land surfaces. While micrometeorological methods are employed to measure ETin actual field
situations, empirical methods for computing PET must be
employed for regional applications due to constraints in both
meteorological and agronomic data. Several techniques are
widely used and JAWF currently uses two methods, the
Thornthwaite and modified Penman methods, for its applications. The Thornthwaite method was originally developed as a
function of monthly mean temperature and day length. This
method offers a relatively simple procedure with minimal
input. Evaluations have confirmed that the method is not
suited for short-time periods. The modified Penman method
(Doorenbos and Pruitt, 1977) requires empirical wind and
radiation functions as well as vapor-pressure deficits. The
method provides more-satisfactory results over short-time
periods of the order of days or weeks. The data necessary to
compute PET by both methods are available from the global
synoptic data base.
A comparison of normalized precipitation and normalized
potential evapotranspiration (PET) provides a relative index
of moisture available to the crop. Figure 4 presents the index
computed for the state of Rio Grande do Sul, Brazil for the
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period 7 September 1985-2 February 1986. Precipitation
represents the source of moisture to crops (directly during
the growing season and indirectly through irrigation reserves) and PET represents the potential loss of moisture
through the soil-plant system. Crop-moisture usage is dependent upon specific crop type, growth stage, water availability, and atmospheric conditions. In Fig. 4, the prolonged
moisture shortage caused two major problems for summer
crops. First, the hot, dry weather, which began in late September, stunted emergence and growth of crops planted during the normal crop calendar. Further, the extended period
of unfavorable weather caused substantial planting delays,
and forced replanting, well beyond the optimal time for crop
establishment. Both factors have contributed to substantial
declines in the yield potential. Drought-relieving rains did
not begin until mid-January. In fact, by early February, official USDA estimates of Brazil's soybean yields decreased by
20 percent from early season projections.
ET is much less than PET during early growth phases, but
as more-vigorous vegetative growth occurs crop-moisture
usage substantially increases. Peak moisture requirements
occur during the crucial reproductive and grain-development phases. Moisture needs decrease during late filling, and
a "dry-down" period is beneficial as the crop matures to improve the quality content. Differences in moisture usage of
specific crops by growth stage are taken into account by crop
coefficients (Doorenbos and Pruitt, 1977). The hydrologic
balance also dictates that actual soil-moisture supplies are affected by runoff and percolation into the soil. A regional soilmoisture-budget model is currently being implemented to
improve the quantification of the soil-moisture status at the
beginning of the growing season.
In order to identify and monitor potential stress periods,
crop calendar information is essential. Early in the season,
assumptions may be made about the usual planting period
for specific crops in geographic areas of interest. Growing
degree days (GDD) are computed to relate heat units accumulated during the growing season with the crop's phenological development. Figure 5 presents a GDD calendar for
soybeans, which is used for Brazil's crop. The automated
program has the flexibility to be reinitialized as new information is received about the actual planting dates within the
crop area. Stress days (temperatures above or below threshold values) are also accumulated during the growing season. Since crop cycles vary by region, relationships between
growth stage and GDD have been developed over the past
five years according to knowledge of specific crop areas.

6. Historical weather-crop-yield patterns
The relative variability of historical climatic data and agricultural production patterns in specific crop regions provides
an important component in JAWF's quantification of
weather's impact on crop yields. In 1981, JAWF published
"Major World Crop Areas and Climate Profiles" documenting cropping zones, crop statistics, and representative climatic profiles for 12 major agricultural regions. This document served as a basic reference for more-detailed regional
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analyses. An updated version is expected to be published in
1986.
Documentation of historical weather events associated
with crop-yield fluctuations provides guidance for "expected" yield deviations given similar weather occurrences.
Figure 6 documents seasonal weather conditions (Fig. 6a) associated with soybean-yield variability (Fig. 6b) for Brazil's
largest soybean-producing state of Rio Grande do Sul for the
period 1975-1985. Rainfall percentile rankings in the lower
30th percentiles during either (or both) the spring planting
season or summer growing season are often associated with
relatively low-yielding years (1978, 1979, and 1982). Timing
of the rainfall and temperature patterns plays a key role in
the final yield outcome. The combination of a cold, wet
spring planting season and a dry summer growing season can
also lead to a poor yielding year. These conditions occurred
in 1967, 1974, and 1979 in the Canadian spring-wheat belt
(not shown), causing yields to fall substantially below trend
projections. Cool, wet springs can delay planting, pushing
critical growth phases of the crop cycle into the more-vulnerable period of hot, dry summer weather. The occurrence of
anomalous weather and the magnitude of its effect on crop
yields will vary by region. Sakamoto et al. (1980) showed that
the probability of a poor yielding year ranged from under 20
percent in India and the United States to over 30 percent in
Canada and the USSR, based on an analysis of historical
grain yields. Patterns are also changing with time. Barr
(1981) noted that year-to-year variability in crop production
was significantly greater in the 1970s than at any time since
the mid 1950s. Three factors were given as likely reasons for
the more-limited variability prior to the early 1970s. These
were 1) a relatively benign global weather pattern from the
mid 1950s into the 1960s, which augmented production; 2)
government acreage adjustment programs which idled the
more-marginal land; and 3) a rapid employment of new
technology (increased fertilizer use, adoption of higher-yielding varieties, improved management practices). In contrast,
since the early 1970s, weather patterns have become more erratic, idled land has been returned to production adding
more marginal yielding areas which are more susceptible to
weather variability, and the increased cost of yield enhancement inputs began to offset the gains in productivity. Consequently, yield variability increased as the increasingly susceptible production base generated excellent harvests with
favorable weather but sharply lowered outputs with unfavorable weather.
Unique large-scale ocean-atmosphere interactions may
have a significant effect on regional agriculture. The welldocumented "El Nino-Southern Oscillation" phenomenon
(Rasmusson and Carpenter, 1982) has been correlated with
anomalous weather conditions at far-reaching locations
from its origin in the eastern equatorial South Pacific. The
extreme ocean warming that characterizes this phenomenon
occurs at irregular intervals ranging from two to seven years.
JAWF has studied crop-yield variability associated with
anomalous weather conditions attributed to this event. The
emphasis was placed on pattern recognition during an occurrence. The study suggests evidence of potential yield declines
associated with most events for Australian wheat and Indian
cotton. This compares well with literature documenting
anomalous weather conditions in these crop areas. The mag-

FIG. 6. (a) Percentile rankings of seasonal rainfall for both the
spring planting season (Sept.-Nov.) and the summer growing season
(Dec.-May) for Rio Grande do Sul, Brazil for the period 1975-1985.
Categories include dry 0-30, near-normal 31-70, and wet 71-100.
Rankings are based on the 1951-1985 time period, (b) State soybean
yields for Rio Grande do Sul, Brazil for the period 1975-1985.

nitude of yield deviations tends to increase in most crop areas
during severe episodes (notably 1972 and 1982).

7. Crop-yield analysis
Various techniques have been developed to model the effects
of weather on vegetative growth or the crop-yield potential.
Baier (1977) classified crop-weather models into three categories. These include crop-growth simulation models, empirical-statistical models, and crop-weather analysis models.
In simulation models, the impact of meteorological variables
on specific processes such as photosynthesis, transpiration,
or respiration are simulated by a set of mathematical equations based on field experiments and/or research. This approach, relating a physical variable to a biological response,
requires a detailed set of data for operational use. Applications are mostly oriented toward site-specific field research
where environmental conditions can be well documented, if
not controlled (i.e., irrigation scheduling, etc.) The empiricalUnauthenticated | Downloaded 01/09/23 04:56 AM UTC
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FIG. 7. Error-reduction pattern between growing-season yield
forecasts and final yield estimates as meteorological input accumulates over the growth cycle. The solid line represents a typical forecast scenario utilizing appropriate weather information. This pattern is not prone to forecast extremes as it accounts for weather to
date in the growth cycle. The shaded area encompasses the spectrum
of yield forecasts reflecting diverse approaches to yield forecasting.

statistical models use regression techniques to relate specific
weather variables to crop yields. The approach does not explain cause and effect relationships. However, with the appropriate selection of input variables and a representative
sample of data, it provides a feasible statistical procedure to
evaluate crop-yield statistics from a historical perspective.
JAWF employs the crop-weather analysis models that
simulate accumulated crop responses to selected agrometeorological variables as a function of crop phenology. Observed
weather data and derived agrometeorological variables are
used as input data. Statistical regression techniques are used
to evaluate weighting coefficients as crop development progresses from planting to maturity. The analysis models evaluate the effects of weather on crop yields, taking into account the relative importance of weather anomalies according
to both crop type and stage of crop development. Computerized estimates of yield departures from trend provide an objective, first-iteration estimate of the yield potential. These
results are compared with historical weather-yield patterns
accounting for the progress of the current growing season.
The final decision on the monthly estimate of the yield potential is made by the agricultural meteorologist.
The crop-weather analysis approach has proven to be successful for several reasons. The basic reasons are that climatic inputs of the daily global WMO/GTS station data
base are utilized, and sufficient data are available from the
global synoptic network to compute derived variables such
as vapor-pressure deficits, potential evapotranspiration, and
growing degree days. Detailed information on cropping
patterns and crop calendars by specific geographic region
have been compiled in order to model phenological development. Verification of the status of crop development is often
made by field travel surveys and by the global network of
agricultural counselors of USDA's Foreign Agriculture Service. Coefficients weight the cumulative effect of weather on
the yield potential as crops advance through stages of their
development cycle. Model estimates of the crop-yield potential are closely scrutinized with respect to cumulative seasonal effects to avoid spurious short-lived fluctuations. This
method proves more successful in relating the impact of
weather to the yield response than the statistical regression
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approach, primarily because daily data input allows the use
of the variable "biological" clock of the crop cycle to monitor conditions as opposed to the fixed calendar often necessary in the statistical approach. Regression analysis is used to
establish early-season trend estimates based on historical
patterns in each crop area, however.
It is often difficult to separate the specific contribution of
weather from other factors, which may have led to changes in
estimates of the monthly yield potential. However, weather
events during the season are the major driving force behind
such changes. Quantification of weather's impact on crop
yields at JAWF has evolved during the past five years. Actual
estimates of the yield potential have been made during the
past four years, making the sample of estimates relatively
small to make strong inferences. Based on the 12 cases during
the three-year period, 1982-1984, when agricultural weather
was identified as the major factor affecting crop yields subsequent to planting, some results are noted. Initial statistics
show that by completion of the reproductive period, the season-to-date effects of weather can be synthesized into meaningful statements on the direction of crop-yield departures
from initial preseason estimates. JAWF has estimated the
correct directional change in 85 percent of the cases when
weather was factored into the analysis by the end of the reproductive phase. The statistic improved to 94 percent during the following month, still prior to the maturing period.
The monthly yield estimates, compared with final harvested yields, show a perceptible drop in percent error when
meteorological input is included in the crop estimation process. Figure 7 is a hypothetical illustration showing the pattern of error reduction that occurs between growing-season
yield forecasts and final yield estimates as meteorological
input is incorporated into the analysis. Initially, crop-yield
statistics are based on early-season projections, derived from
historical trend analyses and current information regarding
technological factors. Weather data are used to provide indications of planting conditions and subsequent crop establishment. Unusually dry weather may delay planting as happened during the current growing seasons for Brazilian
soybeans and South African corn. However, it is generally
too early in the growing season to accurately quantify the effects of weather on the crop-yield potential due to the random nature of weather events over the remainder of the
growing season. For example, unseasonably dry weather delayed wheat planting in both Australia and Argentina during
the 1984 growing season. Very late rains extended the planting season well beyond the optimal time and favorable growing weather yielded near to above-average crop yields in both
cases. The relative change in monthly yield estimates is small
during the early part of the growing season as information is
incomplete to justify large deviations from the early projections. Nonweather information associated with management
practices, fertilizer applications, and the introduction of new
seed varieties contributed most to any potential change in
these early-season estimates.
The evaluation of potential yield involves the consideration of four factors, namely, the number of plants per area,
the number of inflorescences (flowers) per plant, the number
of fruit or seed per inflorescence, and the weight per fruit or
seed (Dennis, 1984). Consideration of these factors is a crucial element in the analysis. Moisture and temperature can
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have a profound effect in flowering and, consequently, on the
yield potential. It must be noted that light also plays an extremely important role with respect to photoperiod, a function of day length, and radiant energy, which drives the
growth processes.
By the reproductive phase of development, cumulative
weather information is sufficient to quantify changes in the
yield potential. Figure 7 depicts the range of forecast errors
that often occur as a function of crop phenology. This chart
may be used to illustrate scenarios of potential forecast errors resulting from either favorable growing-season weather
or unfavorable growing-season conditions. Both scenarios
may alter estimates of the crop-yield potential. The shaded
area in Fig. 7 represents the spectrum of expected yield forecasts based on the quality of available information. For example, limited information on anomalous weather may
delay changes until the end of the growing season when field
reports and surveys are compiled. On the other extreme, an
over-reaction early in the quantification process may drive
large changes in the yield potential beyond the final outcome.
The range of estimates depends upon assumptions for the
remainder of the growing cycle. If anomalous weather persists, then the early over-reaction may in fact be correct by
the end of the season. The risk of this approach is that changeable weather may stabilize crop conditions prior to the end of
the growing season. For example, if a drought scenario is followed in Fig. 7, improved weather during the filling period
could increase the weight per fruit or seed, tempering the earlier adverse effects on the number of flowers per plant.
The solid line in Fig. 7 represents an average percentage
reduction in the yield error (monthly forecast vs. final estimate) at the national level based on JAWF's meteorological
input, which is quantified during the flowering and filling
stages of crop development. The pattern does not intend to
reflect the mean of all expected forecast estimates. It does reflect the process of incorporating irreversible weather-related damage to the yield potential, considering the stage of
crop development and uncertainties of future weather. The
average range of early-season percent errors is about 15 percent at the national level. By the filling stage, the average percent error has been narrowed to less than 5 percent. On a
yearly basis, country-level statistics vary significantly. In
South Africa, the severe droughts during the 1982/83 and
1983/84 crop years reduced the national corn yields by about
50 percent from early-season projections, drastically lowering the production potential of that country. In Canada, severe drought in the western Prairies reduced national springwheat yields by less than 20 percent during the 1984 growing
season. Each country-crop combination presents a unique situation involving not only climate data but also levels of technology and land management, which weight the impact of
anomalous conditions.

8. Utilization of weather assessments
The benefit of the agricultural weather analysis is that this
information provides the United States agricultural sector
with more-accurate data on potential markets or on supplies

of potential competitors. Daily and weekly briefings provide
an opportunity for the JAWF staff to interact with USDA
commodity analysts and alert them to recent as well as seasonal agricultural weather conditions. The commodity analysts also provide JAWF with information on crop status and
crop condition based on tours and communications with
agricultural counselors assigned to United States embassies
around the world. Weekly briefings are also regularly given
to the secretary of agriculture and his staff to provide an overview of global weather conditions that may affect agriculture. A monthly interagency Africa briefing is conducted to
provide analysts at USDA and other interested agencies with
a detailed account of current weather conditions on the famine-plagued continent.
A significant increase in the demand for near-real-time information has occurred recently to update commodity analysts and policy-level decision makers. In addition to daily
briefings of current global agricultural weather, alerts of
anomalous conditions affecting agriculture are included in
daily highlights summarizing agricultural developments for
USDA officials.

9. Weekly Weather and Crop Bulletin
Written summaries of domestic and international agricultural weather conditions are provided weekly as part of the
Weekly Weather and Crop Bulletin (WWCB). The weekly
publication, in existence since 1872, is jointly produced by
the NOAA/NWS/CAC, USDA/SRS, and USDA/WAOB.
In 1872, the U.S. Army's Signal Service began publishing a
two-page summary of national weather called the Weekly
Weather Chronicle. The name was later changed to the
Weather and Crop Bulletin, and its scope expanded. The
cooperative effort was formally recognized in 1958, and the
WWCB has been a joint publication ever since. Barger and
Pollock (1972) published a special news feature on the
WWCB centennial.
Table 2 lists the descriptive summaries, charts, and tabulations included in the WWCB. Palmer (1965 and 1968) published the derivations of the Palmer Drought Severity Index
(PDSI) and Crop Moisture Index used as long-term and
short-term indicators, respectively, of relative dryness or
wetness affecting water-sensitive economies. Both Alley
(1984) and Karl (1983) address the sensitivity of the PDSI as
well as the limitations. Annual or individual subscriptions
may be obtained by writing to NOAA/USDA, Joint Agricultural Weather Facility, USDA South Building, Room
5844, Washington, DC 20250.
Weekly summaries of the WWCB are sent to the USDA's
Foreign Agriculture Service (FAS) for dissemination to agricultural counselors worldwide. Monthly highlights are also
included in USDA/FAS World Crop Production Report,
issued immediately after the interagency committee meetings.

10. Summary
The ultimate goal of J A W F is to provide accurate, concise,
a n d timely information on agricultural weather as it affects
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global crop production. Agriculture is the nation's largest
and most-important industry, being the largest positive contributor to the United States trade balance. United States
farmers have become increasingly dependent on highly variable world markets. Agricultural weather is one factor that
affects these markets. Proper use of the global agricultural
weather data base, guided by results from experimental field

TABLE

research, may help American agriculturalists maintain the
status of a highly efficient, flexible production system capable of meeting national and international food needs.
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2. Features in the Weekly Weather and Crop Bulletin
(w-weekly, m-monthly, s-seasonal, a-annual)
Features

Period Issued

Summaries:
national weather
w/m/s/a
national agriculture
small grains, fruits, nuts, vegetables,
pastures, and livestock
w
corn and soybeans
Apr-Dec, w
cotton
Apr-Jan, w
state weather and agriculture
w
international weather and crop
w/m
Charts (national):
weather highlights
w/s/a
precipitation
w/m/s/a
percent of normal precipitation
m/s/a
average temperatures
w/m/s
departure of average temperature from
normal
w/m/s
extreme minimum temperatures
Sept-Apr, w
extreme maximum temperatures
Apr-Sept, w
depth of snow on ground
Dec-Mar, w
total growing degree-days
Apr-Oct, w
growing-degree-day departures from
normal
Jun-Oct, w
average soil temperature 4 in. bare soil . . . Mar-May, w
pan evaporation
Apr-Oct, w
crop-moisture index
Apr-Oct, w
drought severity (Palmer Index)
Apr-Oct, twice m
additional precipitation needed to end
drought
Apr-Oct, twice m
streamflow
m
Charts (international):
precipitation (major crop areas)
w/m
percent of normal precipitation
(major crop areas)
m
average temperature (major crop areas)... m
departure of average temperature from
normal (major crop areas)
m
global satellite photo
w
agricultural weather highlights
w
Tabulations (national):
weather data
w
precipitation and temperature
m
heating degree-days
m
heating-degree-day statistics for week and
season
Oct-Apr, w
cooling-degree-day statistics for week and
season
Apr-Oct, w
planting, seeding, harvesting progress
as available
Tabulations (international):
precipitation and temperature
m
Special charts and articles
as available
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