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Introduction
Increasing climate extremes, including multiyear droughts, 
intense precipitation, prolonged dry spells, and heat waves, 
are rapidly emerging as one of the more serious problems 
affecting the agricultural industry around the world. In 
2012, extremes in nighttime temperature resulted in $220 
million in damage to the cherry industry in Michigan 
(Hatfield et al. 2015). That same year, the combination of 
drought and heat stress reduced corn production in the 
US Midwest by 13% compared to the previous year (NASS 
2013). Projected increases in the risk of extreme events 
suggest that producers will face even greater uncertainties 
in upcoming decades.

Many factors play a role in the variability of weather 
conditions across space and over time. Mountain–valley 
winds and seasonal changes in prevailing winds are associ-
ated with rainfall over regions ranging from a few miles to 
approximately 60 miles (Ahrens 2007). High- and low-
pressure areas and associated weather fronts influence the 
spatial distribution of rainfall over larger regions (60–600 
square miles) (Nicholson 1996). On a global scale, periodic 
anomalies in sea surface temperatures coupled with shifts 
in atmospheric pressure and winds, such as those associ-
ated with the El Niño Southern Oscillation (ENSO), can 
have severe impacts on weather conditions. ENSO affects 
atmospheric circulation patterns well into the midlatitudes 
and is the leading driver of seasonal climate variability in 
the United States. Tremendous advances have been made in 
predicting the occurrence of ENSO events with confidence 

three to six months in advance. An advance warning of 
seasonal climate anomalies is pertinent to farmers and 
farming decisions including crop and variety selection, 
plant population, acreage allocation, and purchase of inputs 
and crop insurance (Fraisse et al. 2015). 

Seasonal rainfall and temperature forecasts and outlooks, 
while useful to farmers, often fail to result in changes in 
behavior (Dilling and Lemos 2011). One reason for this 
is that forecasts often fail to represent the nature of the 
relationship between ENSO events and weather conditions 
at a scale that is pertinent to farming operations. Another 
reason is the lack of clarity in communicating the prob-
ability of observing ENSO-related variations in rainfall 
and/or temperature in a particular area. This is particularly 
important because no ENSO event is the same in magni-
tude, and the rainfall and temperature response to ENSO 
varies across geographic regions as well as over time. These 
concerns limit the user’s willingness and ability to make 
or change a decision based on the information provided 
in a forecast. The ENSO climatology tool, available free of 
charge on the AgroClimate website (http://agroclimate.
org/tools/Climate-Anomalies/) (Fraisse et al. 2006), was 
designed as an educational tool to be used to facilitate the 
assessment of risk ENSO forecasts.

http://edis.ifas.ufl.edu
http://agroclimate.org/tools/Climate-Anomalies/
http://agroclimate.org/tools/Climate-Anomalies/
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How does the ENSO climatology 
tool work?
This tool allows the user to explore historical average 
monthly rainfall totals, minimum temperature, and maxi-
mum temperature associated with ENSO events relative to 
a long-term average. It also includes the frequency at which 
these have been observed since 1950.

First, the user selects the weather variable of interest: 
rainfall (monthly total) or temperature (monthly mean 
minimum or maximum), the ENSO phase of interest (El 
Niño, La Niña, or ENSO-neutral, which can be displayed 
simultaneously and relative to all years for comparison 
purposes), and a month during which weather-sensitive 
decisions are usually made. The resulting maps (Figure 
1) represent the average rainfall total for March during 
all years as well as all years classified as either El Niño, La 
Niña or ENSO-neutral for the period 1950–2013. These 
phases are categorized using the multivariate ENSO index 
(MEI), an index based on multiple aspects of the ocean 
atmospheric system including sea level pressure, winds, sea 
surface temperature, and surface air temperature (Wolter 
and Timlin 2011; Wolter and Timlin 1993).

The user can also access rainfall and temperature anomaly 
maps by selecting the “Deviation from Average” tab. These 
maps represent the departure (or deviation) of rainfall or 
temperature from long-term average (1950–2013) condi-
tions in the month of interest (Figure 2, left). The frequency 
or number of years that the departure was observed out 
of all El Niño, La Niña or ENSO-neutral years since 1950 
is also provided (Figure 2, right). In areas shaded in blue 
on the frequency map, 70–100% of years were wetter than 
normal, while in areas shaded in red, 70–100% of years 
were drier than normal.

Finally, the user can visualize and compare variations in the 
average rainfall total, maximum or minimum temperature 
across months, and ENSO phases on a county-by-county 
basis across the conterminous US by selecting the “Interac-
tive Map, Average” tab and moving the cursor over the map 
to select the county of interest (Figure 3).

Equipped with this tool, growers can find out whether to 
expect a wetter, drier, cooler, or warmer season than usual 
in their area or in other production regions that influence 
market conditions during a particular ENSO phase. This in-
formation may act as a trigger to make or change particular 
management decisions related to crop or variety selection, 
plant population, acreage allocation, and purchase of inputs 
and crop insurance (Table 1).

What are the challenges?
When used in conjunction with a seasonal ENSO forecast, 
the ENSO climatology tool can inform users of the 
potential impacts of ENSO on rainfall and temperature 

Figure 1. Average rainfall total for March during all years and all years 
classified as either El Niño, La Niña or ENSO-neutral during the period 
1950–2013. A red box is included to highlight the ENSO/rainfall 
relationship in the Southeast. The maps can be enlarged when rolled 
over to provide focused viewing.
Credits: Southeast Climate Consortium

Figure 2. Deviation from average rainfall total for March during all 
years classified as either El Niño or La Niña for the period 1950–2013 
(left) and frequency of years during which the departure was 
observed out of all El Niño and La Niña years since 1950 (right). A 
red box is included to highlight the ENSO/rainfall relationship in the 
Southeast.
Credits: Southeast Climate Consortium
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in their area. However, growers do not always have the 
ability to respond to ENSO-related information. The timing 
of forecast release is critical in determining whether or 
not it is usable. In some cases, the absence of additional 

agricultural technologies such as plows, storage equipment, 
new crop varieties, and fertilizers limit the user’s ability to 
take preventative measures before an unusually wet or dry 
season. In some cases, ENSO-related information may seem 
relevant and useful in a general context but prove to be 
less usable as it competes with other factors in the grower’s 
decision-making process. As an example, commodity prices 
normally have a stronger influence on the choice of crops 
to plant even if expected weather patterns based on the 
ENSO phase forecast may not be favorable for the selected 
crops. Last but not least, the level of trust that users have 
in seasonal climate forecasts and climate information in 
general is paramount in determining the likelihood of 
adoption. User networks in which researchers, Extension 
agents, and/or other brokers of climate information have 
built trust with growers and provided evidence of the 
accuracy and legitimacy of this type of climate information 
are likely to adopt this tool more readily (Broad, Pfaff, and 
Glantz 2002; Lemos et al. 2002; Carbone and Dow 2005).

Looking Forward
Ensuring the usability and benefit of the ENSO climatology 
tool requires purposeful and strategic interaction between 
providers and users of climate data. Researchers and 
Extension agents must endeavor to appreciate the complex-
ity of the decision-making process faced by growers and 

work with them to further incorporate weather and climate 
information into their management actions.
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Table 1. Key climate impacts and management strategies for wheat in the Southeast US (Woli et al. 2013b).
Impact Strategy

Drier or warmer winter and spring

Yield

Late planting results in yield losses. Higher losses for late than early 
maturity varieties are mainly due to the lack of vernalization.

Avoid planting later than the recommended date for your area.

Yield losses, especially in coastal areas, if grown on sandy loam soils 
with low water holding capacity.

Reduce the area planted in these locations.

Yield losses due to shorter growing season and grain-filling period, 
lack of vernalization, and increased leaf senescence.

The yield loss is associated mainly with late planting. Plant early 
maturity varieties.

Early planting of early maturity varieties results in lower yields due 
to accelerated growth and development and spring freeze injury. 
Late planting of late varieties causes lower yields due to insufficient 
vernalization. Long-day photoperiod varieties have low yield and 
grain quality due to early flowering and short grain-filling period. Late 
heading results in grain filling under hot and dry conditions, which 
leads to lower yields.

Plant late maturity varieties first and early maturity varieties last.

Insect pests

Higher likelihood of larger Hessian fly populations. Avoid early planting. Plant at the recommended time for your 
location. Plant Hessian fly-resistant varieties. Avoid planting wheat 
after wheat. More intense scouting for Hessian fly is needed.

Increased populations of grain aphids. More intense scouting for aphids is needed.

Diseases

Increased outbreak of barley yellow dwarf virus (BYDV) due to more 
aphids.

Avoid early planting. Extra scouting is needed for aphids.

Reduced risk of rust diseases and glume blotch. Scout at jointing to flag leaf emergence to assess disease risk.


