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UNDERSTANDING EL NIÑO
FOR YOUR FIRE MANAGEMENT UNIT
Knowing El Niño
El Niño conditions are occurring this winter of 2009-10.
Will El Niño impact your fire management unit? El Niño
is being talked about a lot this year in relation to
extreme events such as flooding, heavy snowfalls,
temperature records and drought. For some of these
events, there may indeed be a direct physical
connection between the observed weather and El
Niño. But for others, they will happen due to random
atmospheric variability inconsistent with El Niño.
Understanding how El Niño changes the risk of
extreme events in your fire management unit can be
helpful in assessing potential accomplishments of fuels
treatment target goals and fire season resource
demands as examples. Since fuel treatments and
suppression resources require dollars, El Niño also
then has potential economic impacts (both positive and
negative) in your management unit. El Niño also plays
a big role as input to the Predictive Services monthly
and seasonal outlooks.
The El Niño phenomenon was initially only observed
by Peruvian fishermen who noted exceptionally warm
waters and decreased catches during certain years.
Through numerous scientific studies we now know that
the influence of El Niño extends far beyond Peru, and
affects climate worldwide. The impacts attributed to El
Niño result from substantial deviations in temperature
and precipitation from “normal” conditions. Studies
have identified geographic areas more prone to
experience climate impacts resulting from El Niño. For
example, the country of Peru typically experiences
excessive rainfall and flooding. Of course not all
impacts associated with El Niño are negative – for
example, across portions of the US, winter
temperatures during an El Niño are moderated,
reducing heating costs. While certain extreme weather
events may indeed be associated with El Niño,
monthly and seasonal climate extremes have a well-
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founded
connection.
Monthly
to
seasonal time scales are important to
planning for many fire and fuels
management
activities,
so
understanding the potential impacts of
El Niño has important interagency
benefits.
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What is El Niño
The equatorial Pacific Ocean from Indonesia to the
South American coast is susceptible to warming and
cooling sea surface temperatures (SSTs) resulting
from large-scale ocean currents and surface winds.
Over warmer waters, especially around 28°C (82°F)
and higher, convection and clouds often form due to
the rising moisture-laden warm air. Convective
activity over these warm waters influences more
than just the local weather. This large area of rising
motion creates a compensating airflow pattern that
transports energy and moisture out of the tropics
into the mid-latitudes. This transport of energy acts
to modify the location and strength of the jet stream.
While the western Pacific is always warm, ocean

Graphics from
http://www.cpc.noaa.gov/products/analysis_monitoring/
ensocycle/enso_cycle.shtml

Graphics from
http://celebrating200years.noaa.gov/magazine/enso/nawinter.gif

temperatures in the eastern Pacific are
substantially cooler and do not support
widespread convection. During an El Niño
event, the warm waters over the western
Pacific slosh eastward dramatically
increasing ocean temperatures in the
eastern
Pacific
and
allowing
for
convective activity to migrate eastward. In
response, the sub-tropical jet stream
during El Niño is strengthened over the
southern tier of the US, while the polar jet
is forced further north than usual. The
enhanced subtropical jet brings heavier
precipitation across the Southwest, Texas
and Florida, while the displaced polar jet
results in sub-par precipitation over the
Pacific Northwest. It is this type of
connection that creates climate anomalies
in areas far from the El Niño region itself.
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It is important to note that El Niño manifests in a
variety of patterns and strengths (sometimes
referred to as flavors). For example, the strongest
El Niño events will have the largest SST
anomalies, and cover the equatorial Pacific from
Indonesia to South America. These events tend
to have strong links to mid-latitudes, and are well
known for causing climate extremes and impacts.
A weak El Niño is typically of lesser magnitude, is
limited in geographic extent, and consequently
may have a nominal influence in the US. So it is
just as important to recognize the strength of El
Niño for potentially impacting a geographic area,
as it is to know that a particular area is
susceptible to El Niño impact to begin with.
Below, an example SST map from NOAA’s Earth
System Research Laboratory.

ENSO
El Niño-Southern Oscillation (ENSO)
is often referred to in describing the
ocean-atmosphere interaction in the
equatorial Pacific. The Southern
Oscillation is termed for the rising and
sinking air motions noted above. An
index that measures this large-scale
pattern is the Southern Oscillation
Index (SOI), which comprises the
standardized anomalies of sea level
pressure between Darwin, Australia
and Tahiti. Typically, once sea
surface temperature anomalies are in
place, the atmospheric patterns of the
SOI will be revealed and allow for the
influence of El Niño to be realized
outside of the tropics. Also, the term
La Niña is used to indicate a more or
less opposite pattern of El Niño.
Typically with La Niña, climate
patterns opposite to El Niño occur
(cool and wet with El Niño would
become warm and dry with La Niña).

The ENSO risk product
A recent product developed at the Desert
Research Institute (DRI) program for Climate,
Ecosystem and Fire Applications (CEFA)
highlights El Niño risk for the contiguous U.S.
Presented as monthly maps, the purpose of this
product is to provide both managers and
forecasters with more detailed information on
areas that are particularly vulnerable to extreme
temperature and precipitation anomalies during
an El Niño or La Niña event. While these maps
do not directly indicate fire potential or likelihood
of meeting fuels management goals, they do
show areas where ENSO may influence the risk
of a warm/cold and wet/dry month based on
historical records. However, keep in mind from
the earlier discussion that the strength of El Niño
is important, and know that these maps represent

all El Niño events combined. Further, these
maps are indicative of concurrent
conditions, and are predictive only in the
sense of forecasting an El Niño event in
advance, then examining each month’s
climate pattern given El Niño during that
month. The product also includes La Niña
maps generated in the same manner.
For each monthly period, a series of eight
maps are produced, four for El Niño and
four for La Niña. Risk maps for wet, dry,
warm and cold extremes show both
increased and decreased risks concurrent
with active ENSO periods.

The product link is located at:
http://www.wrcc.dri.edu/enso/ensorisk/
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Map interpretation and use
The two example maps on
this page are provided to
help
with
product
interpretation. The upper
map shows the change in
risk
rate
for
warm
extremes in March during
El Niño. Bright and dark
red cells indicate where
the risk of experiencing a
warm March (a warm
March is considered on
average to occur in one of
every five years) is more
than doubled given El Niño
conditions. These areas
are found in the Pacific
Northwest and Idaho. The
blue areas show locations
where the likelihood of
experiencing
a
warm
March
is
substantially
reduced given El Niño
conditions. This is not the
same as a saying the blue
areas will be cooler than
normal, but instead that it is
unlikely that they will be
warmer than normal.
The risk of cool extremes is
highlighted in the bottom
plot, where some areas in
the East have an increased
chance of a below normal March for
temperature. But note that the same areas
across Oklahoma and northern Texas for the
warm extremes are not evident in the cool
extremes. This highlights that a reduced
likelihood of warm conditions does not
necessarily equate to a higher likelihood of cool
conditions.
These maps can be used for fire and fuels
management planning given current or imminent
ENSO conditions. For example, perhaps a warm

Pacific Northwest in March would allow for
some early season fuel treatments. If there is
an El Niño occurring, these maps highlight the
areas most susceptible to temperature and
precipitation anomalies. While the maps do
not indicate specifically what the fire and fuels
management impacts are, local knowledge of
temperature and precipitation anomalies in
relation to management actions should allow
for a better informed decision when El Niño
(or La Niña for the other set of maps) is
occurring.
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How the maps are made

Seasonal forecasts

To represent the atmospheric component of
ENSO, we utilized monthly Southern Oscillation
Index (SOI) from 1895-2008 that measures the
standardized difference in sea level pressure
between Tahiti and Darwin. The existence of El
Niño and La Niña conditions was defined by SOI
values less than -1, and greater than +1,
respectively. Over the 114-year record,
approximately 19% of all months had SOI values
less than -1 (El Niño conditions) and about 16%
of all months had SOI values exceeding +1 (La
Niña conditions).

Computer models routinely predict
ENSO several months and up to a
year ahead. These forecasts are used
in numerical prediction models that
produce monthly and seasonal
climate forecasts, which are then part
of the monthly and seasonal outlooks
produced
by
NOAA’s
Climate
Prediction
Center.
This
same
information is used by the Predictive
Services units in each Geographic
Area Coordination Center (GACC) in
producing their monthly and seasonal
significant fire potential maps, and for
providing general information on
climate factors impacting the GACC.
ENSO forecasts may be found at
http://www.cpc.noaa.gov/products/
analysis_monitoring/lanina/
ensoforecast.shtml.

Monthly temperature and precipitation datasets
were acquired from PRISM (Parameter-elevation
Regressions on Independent Slopes Model).
PRISM is an analytical tool that uses point data,
a digital elevation model and other spatial data
sets to generate fine scale (4-km, 2.5 arcminutes) grid-based estimates of monthly
precipitation and temperature from 1895-2008.
PRISM is adept in mapping climate in the most
difficult situations, including high mountains, rain
shadows, temperature inversions, coastal
regions and associated complex meso-scale
climate processes.
Climate extremes are defined at each local 4-km
by 4-km cell by examining the historical
distribution of temperature and precipitation, and
considering high and low extremes to compose
the upper 80th percentile and bottom 20th
percentile of the distribution, respectively. In
other words, an extreme wet year occurs on
average in one of every five years of the record,
and our expected odds of experiencing a wet
period by chance would be 20%. Climate
extreme risk assessment then asks the question
as to whether the odds of experiencing a wet
year concurrent with an El Niño event changes
with respect to the historical baseline. For
instance, if a wet period occurred 40% of the
time during El Niño conditions, this would imply
a doubling of the risk of a wet period during El
Niño.

For further information contact:
tim.brown@dri.edu
jabatzoglou@uidaho.edu
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