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Introduction

This document is part of a series of guidance documents developed by FEWS NET on integrating advanced sectoral
concepts and techniques into scenario developmeS8tenario developmenis an important methodology

dzy RSNLIAYYAy3a C92{ b9¢Qa FT22R aSOdaNAGE Fylfteara | yR LINE:
The eightstep process (outlinedbelow) involves the development of specific assumptions about key factors o
shocks (anomalies), analysis of how these factors will impact food and income sources of the populations of concern,
and consideration of likely responses by various actors. FEWS NET analysts combine these assumptions with a strong
understanding of curnet conditions to estimate future food security outcomes and designate the level of acute food
insecurity using thdntegrated Food Security Phase Classification (Ifh€)global standard for classifying food
security. FEWS NET uses the scenario development methodology to prepare its Food Security Outlook reports, which
provide decision makers with early warning and projections of food security outcomes eight months Bbead

detailed explanation of the scenario development process, seeFE&/S NET Scenario Development for Food
Security Early WarninGuidance Document

Assumptions; about factors such as rainfall, price behavior, conflict, income opportunities, and harvest prospects,
among many otherg are at the core of the scenario development process. The strength of a scenario depends upon
the development of evidencbased and welinformed assumptions about the future. FEWS NET has created this
series of guidance documents on the most critical assumpttonkelp food security analysts develop robust
scenarios.

In developing assumptions, FEWS & | y I feaida NBfe 2y C92{ b9¢Qa (y26fSR:
information and data related to the main sectors that typically influence food security: rainfall, markets and trade,

nutrition, and livelihoods. Analysis also includes a rangetadrgolitical, social, and economic information relevant

G2 I LJ- NJi A Odzt I NJ & A ( dzI ( AigelheodshdSdd @ll s@®s20f sceba®ict developmght dre2 & A & A
grounded in an understanding of how households in an area access food, earn incaheepanwith shocks.

FEWS NETd6s Steps to Scenari o Devel opment

STEP 6: STEP 7:
STEP 1: Describe and classify Describe and classify
Set scenario parameters projected household food projected area food
security security
STEP 2: STEP 5: STEP 8:
Describe and classify Describe impacts on Identify events that could
current food security household food sources change the scenario
. STEP 4:
DeveIoS-IEeE Pagéum tion DESEIEE [17gEELs 7]
P Kkey P household income source
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This guidance document focuses on the process and approach used by FEWS NET to develop assumptions about the
performance of rainfall (onset, totals, distribution, cessation) at varioustpdinthe year, including before a season
begins, once forecasts are available, and throughout the setson.

By using this guidance, readers should be able to do the following:

1. Develop strong and evidendmsed assumptions about how rainfall will perform based on an
understanding of sea surface temperatures and relevant climate modes, forecasts, and remote sensing

imagery;

2. Know the main sources of information related to rainfeimatology, forecasts, and ongoing seasonal
monitoring;

3. Applyspecial tools and resources available to help FEWS NET analysteaimédeassumptions (e.g., the
web-enabledAgroclimatobgy Analysis Toandthe FEWS NET monthly seasonal forecast call).

Notes on use of this guide

This guide assumes a basic understanding of the remote sensing products used by FEWS SHIRRRFE?2).

FEWS NET analystsouldrefertoti KS awl Ay Tl f £ | asardpyfodi@dnguyatioh dudn@thd pfodedsé A y
of developing assumptions as part of scenario developménhex!l provides a complete example of the progress

of a rainfall assumption using the four steps detailed in this guide. For a list of key terms used in this gutte, see
Glossary irAnnexlll.

1 This guidance covers analysis of the rainy season and potential impacts on crop and pasture production as determinezbgeagional
monitoring, but it does not go intspecificdetails on assumptions regardiragricultural production and harvest prospects

Famine Early Warning Systehstwork 2
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Overview of the Steps to Developing Rainfall Assumptions

Commonly used by planners, polimakers, and researchers of various disciplines, scenario dewvelapis a
methodology for projecting future events. It relies on analysis of the current situation, the creation of informed
assumptions about the future, a consideration of their possible effects, and the likely responses of various actors. At
its core, © Sy NA 2 RSOSt-2K& ¥ (i auibatiofieyiBayyidins rigor through analysis. Using a
consistent eighistep process, FEWS NET analysts the scenariodevelopment procesgvery four months to
estimate food security outcomes for the coming eighbnths. Analysts use the Scenario Summary Table (SST)
presented inAnnexIVto conduct scenario development.

Understanding the agroclimatology context afmmulating rainfall assumptions inform several steps of scenario
development In Step 2A of scenario development (below), analysts summarize evidence of current food security
conditions. This step almost always involves a summary of the agroclimatolomitext¢ seasonal progress to date

and/or the impact of past rainfall or seasonal events (e.g., floods, dry seasons, hurricane season, etc.) on the current
situation.

Step2 of scenario development

2A Summarize evidence of current food secugnditions (e.g., seasonal progress, recent harvests, food prices,
humanitarian assistance, etc.). (Current means beginning of the first month of the scenario period.)

2B Summarize evidence of current household food Food consumption:
consumption and livelihood change. Todsild be direct
evidence, like the result of a food security survey, or inferr{ Ljvelihood change:
evidence, like the outcome of livelihootiased analysis.

2C Based on the response to 2A and 2B, classify the curr¢ Household group (1B) classification:
food insecurity of the chosen household group (1B) using
IPC 2.0 Household Scale.

2D Based on the household classification (2C), and availa] Description of available nutrition information:
nutrition/mortality data, classify the overall area (1A) using| Description of available mortality information:
the IPC 2.0 Area Scale. Area classification:

In the absence of emergency assistance would this
classification be at least one phase worse?

In Step 3 of scenario development (below), analysts formulate assumptions about critical events that are expected
to occur during the projection periodhis gidance document is focused on the development of rainfall assumptions
for this step Assumptions about typical rainfall patterns would be included in Step88&malous rainfalt including

an early or late start to the season, atypicalrainfall totals¢ would be included in Step 3Bhe impacts of the
assumptions about rainfatj and any other expected anomalies or shogkben filter into the succeeding steps of
scenario development, and ultimately the projected food security outcomes and classificdtthe levels of food
insecurity.

Step 3 of scenario development

3A List the key factors relevant to food security that aegpected to behave normaltjuring the scenario period.

3B List thekey shocks or anomaligbkat are expected to occur during the scenario period and that will affect food secu
These events should be relevant to the chosen household group (1B). For each event, describe level of severity and
expected timing as specifically as possible.

3C Ishumanitarian assistanderring the scenario period planned, funded, and likely? If so, describe these assistance f
(location, planned number of beneficiaries, type of program, amount, duration, and frequency).

Famine Early Warning Systehstwork 3
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Steps to Developing Rainfall Assumpt ions

This guidance separates the process of developing rainfall assumptions into four basic steps, summarized below and
discussed in detail in subsequent sectiohgnexll provides a complete example of a rainfall assumption formulated
usingthese steps.

Step 1: Understand the Climatology for the Area of Concern

Implemented far in advance of start of season (SOS) or as needed
A Determine typical start/end of season aperiods of peak rainfall

A Determine mean cumulative rainfall for a season and maximum dekadal rainfall, and identify
seasons that had the most and least rainfall

A Evaluate spatial and temporal variability: calculate the standard deviation and coefficient of
variation, and describe the variability

A Develop assumptions about rainfall performance based on climatology

Step 2: Evaluate Climate Modes

Added when SOS is less than three months away and until end of season (EOS
Understand key climate modes atitkir impacts on the area of concern
Use sea surface temperature anomalies to identify climate mode(s) impacting the area of co
Indicate the typical impacts of the climate mode(s)
Revise assumptions given current and projected climate modes

Step 3: Interpret Available Forecasts

Added when SOS is less than two months away and until EOS
A Obtain available forecast information from international forecast centers

A Obtain forecasts from regional Climate Outlook Forums and regional and natiogigorological
agencies

A Interpret forecasts with support from the USGS FEWS NET Regional Scientist and FEWS N
monthly seasonal forecast call

> > > >

A Examine the changing probability of rainfall events over the course of the season
A Revise assumptions based on forecast information and forecast call

Incorporate Monitoring Data from Remote Sensing and Other Sources
Added from SOS to EOS

A Assess when the season started and how that compares to usual

A Monitor observed rainfall to date and assess hanfall aligns historically

A Evaluate remote sensing and-the-ground information on seasonal progress
A

Continually revise assumptions based on remote sensing observations, updated
forecast information, and field data

Famine Early Warning Systehstwork 4
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STEP 1: Understand the Climatology fo r the Area of Concern

1. Understand the climatology for the area of concern (well in advance of SOS and as

necessary)
2. Evaluate current climate modes (~3 months before SOS
and until EOS)
3. Interpret available forecasts (~2 months before
SOS and through EOS)
4. Incorporate monitoring data from
remote sensing and other sources
(SOS through EOS)
JAN JAN
FEB MAR APR MAY JUN JuL AUG SEP ocT NOV DEC
=
JAN JAN
FEB MAR APR MAY JUN JUL AUG SEP ocT NOV DEC

The first step to making rainfall assumptions¢

understanding climatology takes place well in advance Step 1 Overview

of the start of the rainfall season (SOS), and serves ¢

reference to current conditions throughout the seasor A Determine typical start/end of season and
Climatology refers to weather (conditions of the periods of peak rainfall

atmosphere over @&hort period of time) averaged over
a long period of time for a particular area, including
rainfall totals and distribution, temperature, humidity,
and atmospheric circulation (winds). This guidant
focuses on climatology related to rainfall totals an A Evaluate spatial anidmporal variability:

A Determine mean cumulative rainfall for a
season and maximum dekadal rainfall, and
identify seasons with most/least rainfall

distribution, though climatology also includesther calculate the standard deviation and
variables (e.g., temperature, wind). coefficient of variation, and describe the
variability

Although climatology can be understood as averar

conditions, it includes the consideration afl possible ~ /A Develop assumptions about rainfall

rainfall intensities, spatial distributions, and temporal performance based on climatology

distributions for a region Knowing which yearwere,

for example, the wettest and driest over the last 30 years provides points of comparison and thresholds for
understanding the historical rainfall recard

An understanding of climatology (average conditions and variability) provides the contefcuartthtion for making
and updating rainfall assumptions over the course of the rainfall season. In advance of forecast information, an
understanding of climatology allows an anafftstmake an assumption about average rainfall accumulation,

2¢ KAa R20dzySyid dzasSa GKS i ShatonabTecfitichl ManagefNTIMg, Adsigtdbi NauRréal TEcRricdl Mdn&geér
(ANTMS, Decision Support Group analysir other food security analysts conducting scenario development.
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variability, distribution, and timing. Quantitative thresholds (such as terciles) based on climatology provide a basis
for interpreting seasonal forecasts. Once a season is underway, an understanding of climatology allows analysts to
interpret seasonal performance wiin the context of historical performance. (As climate change becomes a more
evident feature of climate patterns worldwide, the climatology itself may change, particularly for specific regions.
Average rainfall 50 years ago in certain regions, for exampdg,no longer represent the contemporary average.)

FEWS NET analysts use rainfall data to evaluate key aspects of climatology, such as:
A The typical start and end of the rainfall season
A Average dekadal (28ay period) and seasonal rainfall totals
A Climatevariability (mean and range of possible outcomes)

Climate variability refers to the fluctuation of the Figure 1. Interannual rainfall variability
climate (rainfall, temperature, etc.) over seasons and
years. FEWS NET focuses on two main dimensions __ | ,
climate variability: spatial and temporal variability of 00 A

900

rainfall. Spatial variability refers to minfall E 600 A A ~\
untall. E LA A AN A
distribution across a landscape or over space z N"©Y \1' N | \, [ ——season
Temporal variability refers to rainfall distribution | 3 .0 | V. VV e

(@]
ha
=]
=]

over time, and can refer to change within a season
over many years. Changes over many years mi 1%
define a trend; trends over long periods (e.g.omn@
than 30 years) may be due to natural climate
variability (discussed later in this document) or to Source FEWS NHUSG
climate change. Trends can be a symptom of clima
change, but not necessarilyRainfall variability
between years is referred as interannuariability
(Figure 1), while changes within a season refleg
intraannual (or intraseasonal) variabiliffyigure2).

1981
1983
1985
1987
1989

1991
1993
1995
1997
1999
2001
2003
2005
2007
2009
2011
2013

lteFigure 2. Intraseasonal rainfall variability

50
40
Statistical calculations such as tftandard deviation ¥
(SD) and coefficient of variation (CV) are importan
tools for understanding rainfall variabilityin a
particularregion. Standard deviation is the typical o 04
average distance a value is frothe mean, and i Aug Sep Oct Nov Dec Jan Feb Mar Apr May lun
identifies how much variation or dispersion from th
mean exists within a datasdn creating assumptions
based on the average (climatology), standaid
deviation gives insight into how much the value may vary from year to year. It alsodesiggbe how much rainfall
is expected in an average year since most events (68 percent) will fall within one- 35y, Ninetfive percent
of all events fall within +/2 SDs of the mean

20 4

10

Dekadal RFE (mm)

Month
SourceFEWS NEUSG!

For examplefFigure3 shows the distribution of two datasets with the same mean, but a different standard deviation.
The top graph is very narrow, indicating that most values are close to the mean. The bo&phmigrspread out,
meaning that many values are far from the mean. If this were an annual (or seasonal) rainfall dataset, we could
assume that although average annual rainfall is approximately the same, annual rainfall in the top graph is much less
variabk than in the bottom graph

The coefficient of variation (CVp typically used for comparing rainfall regimes (or rainfall variability) between
different administrative units oregions Coefficient of variation is the standard deviation as a percetth®imean:

CV=(SD / mean) * 100

Famine Early Warning Systehstwork 6
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With coefficient of variation, analysts can make
comparison among different magnitudes of variatio
or between regions with different meandt is
important to note the units:standard deviation as
precipitation is expressed imm (the same unit as the
mean), while coefficient of variatiofs a percent
value Areas with large variability relative to the mea
(i.,e., a high CV) represent locations especia|
vulnerable to seasonal variationCoefficient of
variation is a useful staiic for comparing the degree
of variation from one data series (or one location) t
another, even if the means areery different from
each other.

In Table1, the coefficient of variatiortells us that
rainfall will vary up to +/24 percent from the mean
of 721 mm 68 percent of the time (+1 SD).

The figures below demonstrate how two areas with

similar standard deviation§~igure4) may have very
different coefficients of variationFijgure5). Using the
coefficient of variation, an analyst can understan
that rainfall variability is much higher in Free Stat
South Africa than in Bie regipAngola (both locations
are circled orthe map in red)

Figure 4. Standard deviation for annual
rainfall totals

BEE

SourcelUSGS FEWS NH

a Figure 3. Distribution of two datasets with the same
N average but different standard deviation

Mean=100, SD=10

1o PO RO S R0 B0 150080 A0 50 6D L R0 D L0 30

s
[y

1%

na

B Al

o

Mean=100, 5D=30

20

o

B &0 W0 GO 70 BOD W 1001 B0 100830 1400 450 160 1 0 180 190 200

AY%

Table 1. Coefficient of variation results

February 2018

SD Mean Ccv

171 mm 721 mm 24%

Figure 5. Coefficient of variation for annual
rainfall totals

SourcelUSGS FEWS NE

Mean rainfall (mm) SD CV
Bie region (Angola) 1153 69 6
Free State (South Africa) 482 95 20
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How to use the FEWS NET agroclimatology knowledge base to understand
climatology

To understand climatology for a particular area, FEWS
analysts rely on satellitderived rainfall daisets managed

by the FEWS NET science partners: the U.S. Geolo A USGS FEWS NEdata portal

Survey (USGS), the University of California, Santa Barl
(UCSB), and the National Oceanic and Atmosphe
Administration Climate Prediction Center (NOAA CP A NOAA South Asia Weather and Climate
These datasets include th€limate Hazards Infrared
Precipitation with Stations (CHIRPRainfall Estimates
Version 2.0 (RFE3nd Africa Rainfall Climatology Versiol
2 (ARC2)AnnexV provides details on the features of these datasets. FEWS NET most commonly uses CHIRPS, as
these data have several advantages compared to the other datasets: there are significantly more station data inputs;
the spatial resolution is higher (5 km versuskif); the period of record is longer (CHIRPS covers 1981 to present
whereas RFE2 covers 2001 to present); and the data are unbiased by usingexrnomgean. However, RFE2 and

ARC2 datasets are available daily, whereas CHIRPS data are available egtays five

A NOAA Africa Weather and Climate

A NOAA Central America and the Caribbean Weather
and Climate

USGS has developed threeb-based toolsdescribed below, that allow analysts to easily access and interpret
rainfall information for FEWS NET countries

USGS Agroclimatology Assumptions for Scenario Development (agroclimatology analysigpaleb

For Africa, Central America, and Central ASBGS created a web tool that automatically generates key climatology
data. TheAgroclimatology Assumptions for Scenario Developnteaitprovides data at the Admin 1 (typically states

or provinces) and Admin 2 (typically district) levels on average rainfall (using both the RFE2 and CHIRPS datasets;
RFE2 is included only for Africa), cumulative rainfall for-getd period and the mean rdil;, the mean annual
eMODISNormalized Difference Vegetation Ind®&DVI, and statistics for annual cumulative rainfall using RFE2
and/or CHIRPS. This tool automatically calculates the standard deviation and coefficient of variation for a given area.

Hereis an example ofata provided for a given area:

Dekadal CHIRPS Average (mm)
Statistics for Annual Cumulative CHIRP S (1981-2015)

30 Mean 166
15 chart by amCharts
T o standard Deviation 35
Z 2 Coefficient of Variation 21
=
£ Median 164
A}
=]
@ 10 Mean + 1 Standard Deviation 202
o«
T 5 Mean -1 Standard Deviation 131
o
0 Years below mean 18
5 B = =& 5 5 3 s & E 3 T
- w = < = A S o o = a Years above mean 17

Month

From this information, an analyst coutdake the following assumption:

Mean annual rainfall in this area is 16@n. The rainy season typically begins in June and ends in October.
Rainfall peaks in Juind August. Rainfall is typically between ¢202mm annually.

USGS Interactive Map Viewer
An alternative tool is th&JSGS Interactive Map Viewdihe basic steps to accessinfprmation on an area are to:
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1. Turn on the overlay of interest (administrative
area or crop zone) on the leftand side of the
map viewer.

Figure 6. Cumulative RFE and dekadal RFE data from Me
Viewer

] ] . Cumulative RFE (mm] 9 -

2. Select the desired unit of analysis from the
G¢AYS aS-HNwS@menu aR @ thp of
the map.

g
L

1
=
!

B
=

3. On the map, click on the specific area of
interest; a single graphing window opens with
each measure (eMODMNDVI time series, the
cumulative rainfall estimate (RFE) line graph,
and the dekadal RFE bar graph) on a separate
tab (see the example iRigure6, which shows
the cumulative RFE and dekadal RFE graphg). [l e (0] o=

=
1

Cumulative RFE (mmij

T T T 1
Bog Sap Do Nev Dec Jan Fed Mar Ap May Jon

Month

4. Review when the rainfall season(s) typically
starts and ends.

5. Consider the temporal distribution of rainfall
note the months of peak rainfall and when
rainfall tapers off.

Dekadal RFE {mmj

6. Note the mean cumulative nafall amount M A S Oz Nev Dec Jan R Mar Ax May Jun
KMonth

7. Analysts can also click on the drdpwn menu
in the upper lefthand corner of the window to
select or deselect particular years, for comparison purposes.

SourceFEWS NET/USC

Using the examplabove the rainfall regime for this area of southeastern Kenya ctgldummarized as follows:

rainfall is bimodal (i.e., two distinct seasons per year); the October to February season, on average, shows maximum
rainfall in November of approximately 50 mm, and cumulative rainfall of approximately 250 mm for the season. The
second season is from March to June, with maximum rainfall in April. The cumulative graph shows that, on average,
the region receives about 400 mm during the year

Early Warning Explorer (EWX)

I D{Qa 92 . Aa IbasedimgppitgNdolQhathafio's useBsoto visualize continestale RFE, land
surface temperature (LST), and normalized difference vegetation index (NDVI) data and anomalies at varied time
steps and to review time series alyses. These datasets can be very useful in evaluating the climatology for an area
(see example ifrigure7), as well as assessing seasonal progsass the rainy season is underway

Figure 7. Democratic Republic of the Congo, Province Orientalen8nth rainfall for
various years

15 chart by amCharts

3-Monthly (mm)

T T T T T T T T T T T
IFM FMA MAM AMI M1 1A pL ASO SON QND NDJ DIF

3-month

—+— 2017 —— 2016 —*— 2015 2014 —=— 2013 —— 2012 —— 2011 2010

SourceFEWS NEUSGS
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Contextualizing climatology

With an understanding of the bas#&spects of climatology for a region, analysts should consider how the climate
interacts with and affects factors such as crop and pasture development. Climatology can be contextualized by asking
guestions such as:

A What are the water requirements (mm) fotaple crops in this area?

A Consider the crop phenologfor staple crops (for example, during which weeks or months are the water
requirements the highest)?

A When are crops or pasture most vulnerable to the effects of bedwerage rainfall?

What is thelength of the growing period for staple crops and how does this coincide with the rainfall
season?

A Are there any typical dry spells during the season and how does this affect crops? What are the effects of
extended dry spells on staple crops?

Examples of assumptions based on climatology

Kenya: [January assumptior]:n Ke ny a d s raiafalis expected toee gaarathe average 01 mm during the
March through June rainy sead@HIRPS dataRainfalls likely topeak inApril (with average rainfall of 38 mm per dekad)
and decline significantly in M&@HIRPShistorical dataindicatesthat cumulative rainfall during the March to June rain
season ranges frort226266 mm. This indicates 2ery high level of variability.

Guatemala: [February assumptiorih Totonicapan, rainfall during the April to November rainy seaiscexpected tobe
near the average of 178 mm (CHIRPS data)Annual cumulative rainfall (from April to November) ranges from 815 t
1456 mm, indicating aidgh degree of variabilityRainfall generally begins in the first dekad of April, peatsnd the first
dekadof June, angieaksagain irthe third dekad ofSeptemberRainfall declines during July and August, withctirécula
or mid-season dry spelkypically occurringfor about 10 days between July and Auglaize crops areparticularly
vulnerable to the impacts of dry spells in July, during the first growth stage to the flowering stage.

Step 1 Summary

A The building blocks for an assumption for a particular area include an understanding of average
accumulation, spatial variability (where is rainfall strongest/lightest), temporal variability (how does ré
change within a season; how does fallvary from year to year), distribution (what are the months of pea
distribution), and timing (when does the rainy season begin and end).

A Standard deviation of seasonal precipitation provides insight into interannual rainfall variability. To cor
interannual variability between two different areas, calculate the coefficient of variation (CvV= (SD / me
100).

A Use the USGS Agroclimatology Assumptions for Scenario Development web tool or the USGS Intera
Map Viewer to obtain basic rainfall infoation and/or data.

A Climatology should be combined with an understanding of the agroclimatological context of a partic
area, including water requirements for staple crops, crop phenology and vulnerability to water deficits,
length of the growing p@od for staple crops, among other factors.

3 Crop phenology is the study of periodic plant lifecycle events and how these are influenced by seasortat@mulialvariations in climate,
as wellashabitat factors (such as elevatipn
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STEP 2: Evaluate Climate Modes

1. Understand the climatology for the area of concern (well in advance of SOS and as

necessary)
2. Evaluate current climate modes (~3 months before SOS
and until EOS)
3. Interpret available forecasts (~2 menths before
SOS and through EOS)
4., Incorporate monitoring data from
remote sensing and other sources
(SOS through EOS)
JAN JAN
FEB MAR APR MAY JUN JUL AUG SEP ocT NOV DEC
=
JAN JAN
FEB MAR APR MAY JUN JUL AUG SEP ocT NOV DEC

Step 2 ¢ evaluating climate modesc¢ starts several )
months before the start of the rainy season a St€P 2 Overview

information on sea surface temperatures (SSTahd i

cimate modes relevant to the season become A Understand key climate modes and their
available Climate modesare key drivers of the weather impacts on the area of concern

FYR OftAYHGSE FyR ENB 2y 4
climate behaves. Climate modes are often indicative

the general climate pattern that is likely to inflnce the
forecast. The climate mode with the greatest effect a A Indicatethe typical impacts of the climate
climates worldwide is the seasonal cycle, followed by mode(s)

Nifio-Southern Oscillation (ENSO).

Use SST anomalies to identify climate NI K Qa

mode(s) impacting the area of concern

A Revise assumptions given current and

Climate modes are identified through variations in or projected climate modes

or more of the following key parameters: SSi,

atmospheric temperature, precipitation, and wind. These variations are often represented by oscillatory behavior.
Oscillation is the regular variation, typically over time, of some measure around a central value (often a point of
equilibrium) or between tw or more different states, similar to a pendulum. A climate oscillation is any recurring
cyclical pattern within the global or regional climate. These fluctuations are typically periodic, often occurring on
interannual, multiannual, decadal, multidecadeéntennial, millennial, or longer timescales.

Many climate modes are measured using SSTs. SSTs, which are determined using remotely senséud slaia or
GSYLISNI GdzNB Y2y AG2NAYy 3T SEKAOGAG &2YS 27F (K&esyskemi NBIdz
Changes in SSTs are one of the main controls of how much energy enters the atmosf@mengy is absorbed in

the process of evaporation and released through the process of condensdfiun)is very important to the global
atmospheric circulapn, which in turn is responsible for the behavior of the atmosphere and precipitation. We

monitor SSTs because they are a strong indicator of possible rainfall patterns.
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Many climate modes have three distinct phases: positi ] -

negative, and neutral, representing the different phase Climate modes in brief

of the oscillation. Several climate modes can be acti

(i.e., not netral) at the same time. In some cases, th A Climate modesare measured by variations in sea
impacts of two or more active climate modes operat Surface temperature, atmospheric temperature,
independently of each other, while in other case: precipitation, and wind; most are measured using SS
simultaneous climate modes produce specific impacts A The climate mode with the greatest effect on climates
climate patterns. For example, a positive Indian Oce  worldwide is the seasonal cycle, followed by ENSO
Dipole event in COf_leII’_latlon with an El Nifio event w AMany climate mode have three distinct phases:
strengthen the EI Nifio impacts. positive, negative, and neutral

Climate mode indices A Several climate modes can be active (i.e., not neutrz

The phases of a climate mode are often represented 2t the same time

AYRAOS& (GKFd ljdzZ yGATE OF AssT patterns can impact rainfall pattems even if th Y 2 RS Qa
identifiable characteristics and can indie the intensity criteria for a climate mode are not met

of the climate mode. These indices often use a sin(
number to represent the identifiable characteristics of th
climate mode, such as temperature or pressure.

A SST patterns and likely miate modes are often
apparent before regional forecasts are available

Although climate modes are generally determined by measurements madedaletx area, they can have impacts
worldwide. The way in which these climate modes influence the atmosphere over long distances is called
teleconnection (climate connections over distances). Thus, although EIl Nifio is measured only in the tropical Pacific,
it has a substantial impact over much of the globe through teleconnections.

Understanding SST patterns and their impacts

The pattern of SSTs is important in understanding regional rainfall and temperature patterns. In certain regions, SST
patterns impactainfall patterns even if the criteria for a climate mode are not met. Analysts should be aware of SST
patterns that affect rainfall in their region, in addition to understanding the criteria for climate modes. For example,

in the Central America regionjtaough an El Nifio event was not declared during the 2014 rainfall season as
expected, abovaverage SSTs in the eastern Pacific Ocean during the course Bfitteraseason nonetheless
impacted rainfall patterns in the region, resulting in significaimfell deficits. A given SST pattern may have a-well
defined effect on the climate at some location at a certain time of year, but then as the season progresses, the same
SST may have a different effect, or may no longer have any effect. Oftentimes {88 jgad likely climate modes

are apparent before regional forecasts are available. This allows analysts to revise assumptions based on likely
general climate behavior, well in advance of the season.

The climate modes most relevant to FEWS NET regions include ENSO, the Indian Ocean Dipole (IOD), the Western
Pacific (WP)andthe Subtropical Indian Ocean Dipole (SIODese climate modes have an oscillation pattern on a
multiannual time scale; that ighey occur every few year&EWS NET also monitotsetAtlantic Multidecadal
Oscillation (AMO) and the Maddelulian Oscillation (MJO

How to incorporate climate modes into agroclimatology assumptions

Analysts should work with USGS and NOAA scientistsregular basis to be aware of climate mode developments.
FEWS NET scientists share information on climate mode phases and development during the weekly weather hazards
call and the monthly seasonal forecast call (described in the next section on Stepo8)ing how to interpret this
information is important for having an accurate understanding of seasonal progress and forecasts. This, in turn,
allows analysts to clearly communicate the issues in decsipport products such as alerts, and to formulate
appropriate assumptions in Outlooks and Outlook Updates. With an understanding of active climate modes in a
particular region, analysts can revise rainfall assumptions that were based on climatology alone. The next section of
this guidance details the sp#ic effects of climate modes on different regiodginexVIprovides a summary sheet

of climate mode impactthat analystan use as eeference
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Climate Modes in D etail

El Nifio Southern Oscillation (ENSO)

ENSO is most easily identified through chang
in SSTover the tropical Pacific Ocean. ENS
comprises two opposing phases. The positi|
phase is called EI Nifio, characterized
warmerthan-average SST over the tropicq
Pacific Ocean. The negative phase is called
Nifia, characterized by coolénan-average
SST over the tropical Pacific Ocean.

The simplest way to measure ENSO is throy
averages of SST anomalies over areas of
tropical Pacific Ocean. Three commc
measurements of ENSO, the Nifio3 index, t
Nifi03.4 index, and the Nifio4 index, are shov|
in Figure8. The Nifio3.4 indexRigure9) is the

most widely used index of ENSCPositive

values of the Nifio3.4 RSE 061 02 (¢
indicate El Nifio events and negative valu|
(below-n dps/ 0 AYRAOFGS |

Neutral ENSO conditions, when the Nifio3
gl £ dzS R2S& y20n®pesS
value for five consecutive months, refer t
times in which thee is not an active El Nifio o
La Nifia event. An El Nifio or La Nifia eve
occurs, on average, evergByears and each
typically lasts for 42 years.

Changes in SST are one of the main controlg
how much energy enters the atmosphere
which in turn resuls in changes to the globa|
atmospheric circulation, precipitation, ang
temperature patterns. Therefore, ENSO even
have a major influence on the global climats
Table2 lists the typical impacts of El Nifio an
La Nifia events on specific seasons in spec
regions. Annex VIl shows the relationships
between EI Nifio rad La Nifla during
DecembegFebruary and Jurgdugust.

_3'0\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\

Figure 8. Three of the Nifio ST regions used to measure
ENSO
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Source NOAA/ESRL/PS

Figure 9. Nifio3.4 index, 19562010
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SourceNOAA/ESRL/PS
Table 2. ENSO impacts

Season El Nifio La Nifia

East Africa OctdDec Wetter than Drier than
average average

East Africa MardMay Drier than | Wetter than
average average

Central JudAug Drier than Wetter than
America and average average

the
Caribbean

Southern NovoMar Drier than | Wetter than
Africa average average

West Africa JulpSept Drier than | Wetter than
average average

Central Asia| OctoMay | Wetter than Drier than
average average

SourceNOAA/ESRL/PS

Famine Early Warning Systehstwork
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West Pacific Gradient (WPG)

Changes in SST over thee$tern Pacific
combined with El Nifio and La Nifia events, hg
far-ranging consequences across the glok
Simultaneous changes in the @atern Pacific
and ENSO events are measured by an ini
called the West Pacific Gradient (WPG). T
WPG Figurel0) is measured as the differenc
in SST between théNifio4 region and the
Western PacificFigurell shows the temporal
variations of the WPG.

When the Western Pacific is warm during L@
Nifia events (anegative WPG), the impacts o
rainfall across the globe can be extrenTable
3 lists the typical impacts when a warr
Western Pacifiand a La Niia event occur at the
same time during specific seasons in spec
regions.

Figure 10. Western Pacifiand Nifio4 regions
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Figure 11. WPG index, 19562010
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Table 3. Impacts of a warm Wstern Pacifiand a La Nifia even

1980

1990 2000 2010

SourceNOAA/ESRL/PH

Region Season Impact on rainfall
East Africa OctoDec Drier than average
(strong)
East Africa MardMay Drier than average
(strong)
Southern Africa NovoMar Wetter than average
(strong)
West Africa JulpSept Wetter than average
(strong)
Central America JudAug Wetter than average
and the Caribbean (strong)
Central Asia OctdMay Drier than average
(strong)
Central Asia JudAug Wetter than average
(strong)
SourceNOAA/ESRL/PS
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Indian Ocean Dipole (I0OD)

The 10D quantifies the difference in SST betw|
the western and eastern areas of the Indij
Ocean Figurel?). The IOMaspositive, negative,
and neutral phases. During the positive phase,
western Indian Ocean is warmer than the east
Indian Ocean, whereas the reverse is true dur
the negative phase of the 10Bigurel3). The IOD
varies irregularly in time but is usually strongg
during AugustNovember.

While the IOD is not always strong during EN
events, it is unlikely for the I0OD to be negati
during El Nid and positive during La Nifia.
positive IOD event in combination with an El Ni
event enhances the El Nifio impacts. Likewist
negative 10D event in combination with a La N
event enhances the impacts of the latter.

The 10D strongly influences prpitation over
East Africa during the Octobg#december season
a positive 10D results in enhanced precipitati
over East Africa while a negative 10D results
reduced precipitation, as illustrated by th
December precipitation anomaliga Figure14.
The impacts of a positive or negative |IOD on FE
NETregions are shown ifable4.

Figure 12. Indian Ocean Dipole regions
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Figure 13. SST pattems of positive and negative IOD

Figure 14. Precipitation impactsf the IOD in December

SourceNOAAESRL/PS]

SourceNOAA/ESRL/PY
Table 4. 10D impacts
Region ‘ Season Positive IOD Negative 10D ‘
Eastern Horn OctdDec Wet Dry
Southern Africa NovoMar Minimalimpact Minimal impact
West Africa Aprddul Minimal impact | Minimal impact
Central America and the Caribbean JudAug Minimal impact | Minimal impact
Central Asia OctdMay Wet Dry
Central Asia JudAug Minimal impact | Minimal impact

unlikely occurrence in this region at that time.

Note: The East AfricdMlarctdMay season is not included in this table, as a negative or positive 10D is a

Source NOAA/ESRL/PS
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