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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 development. Scenario development is an important methodology 
ǳƴŘŜǊǇƛƴƴƛƴƎ C9²{ b9¢Ωǎ ŦƻƻŘ ǎŜŎǳǊƛǘȅ ŀƴŀƭȅǎƛǎ ŀƴŘ ǇǊƻƧŜŎǘƛƻƴǎ ƻŦ ǘƘŜ ŜǾƻƭǳǘƛƻƴ ƻŦ ŦƻƻŘ ǎŜŎǳǊƛǘȅ ƛƴ ŀ ǇŀǊǘƛŎǳƭŀǊ ŀǊŜŀΦ 
The eight-step process (outlined below) involves the development of specific assumptions about key factors or 
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 current conditions to estimate future food security outcomes and designate the level of acute food 
insecurity using the Integrated Food Security Phase Classification (IPC), the 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 ahead. For a 
detailed explanation of the scenario development process, see the FEWS NET Scenario Development for Food 
Security Early Warning Guidance Document.  

Assumptions ς about factors such as rainfall, price behavior, conflict, income opportunities, and harvest prospects, 
among many others ς are at the core of the scenario development process. The strength of a scenario depends upon 
the development of evidence-based and well-informed assumptions about the future. FEWS NET has created this 
series of guidance documents on the most critical assumptions to help food security analysts develop robust 
scenarios. 

In developing assumptions, FEWS N9¢ ŀƴŀƭȅǎǘǎ ǊŜƭȅ ƻƴ C9²{ b9¢Ωǎ ƪƴƻǿƭŜŘƎŜ ōŀǎŜ ƻŦ ƘƛǎǘƻǊƛŎŀƭ ŀƴŘ ŎƻƴǘŜȄǘǳŀƭ 
information and data related to the main sectors that typically influence food security: rainfall, markets and trade, 
nutrition, and livelihoods. Analysis also includes a range of other political, social, and economic information relevant 
ǘƻ ŀ ǇŀǊǘƛŎǳƭŀǊ ǎƛǘǳŀǘƛƻƴκŀǊŜŀΦ C9²{ b9¢Ωǎ ŀƴŀƭȅǎƛǎ ƛǎ livelihoods-based: all steps of scenario development are 
grounded in an understanding of how households in an area access food, earn income, and cope with shocks.  

FEWS NETõs Steps to Scenario Development  

 

STEP 1:
Set scenario parameters

STEP 2:
Describe and classify 
current food security

STEP 3:
Develop key assumptions

STEP 4:
Describe impacts on 

household income sources

STEP 5:

Describe impacts on 
household food sources

STEP 6:

Describe and classify 
projected household food 

security

STEP 7:
Describe and classify 
projected area food 

security

STEP 8:
Identify events that could 

change the scenario

http://www.fews.net/our-work/our-work/integrated-phase-classification
https://www.fews.net/sites/default/files/documents/reports/Guidance_Document_Scenario_Development_2018.pdf
https://www.fews.net/sites/default/files/documents/reports/Guidance_Document_Scenario_Development_2018.pdf
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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 various points in the year, including before a season 
begins, once forecasts are available, and throughout the season.1  

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

1. Develop strong and evidence-based 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 rainfall climatology, forecasts, and ongoing seasonal 
monitoring; 

3. Apply special tools and resources available to help FEWS NET analysts make rainfall assumptions (e.g., the 
web-enabled Agroclimatology Analysis Tool and the 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 NET (e.g., CHIRPS, RFE2). 
FEWS NET analysts should refer to ǘƘŜ άwŀƛƴŦŀƭƭ !ǎǎǳƳǇǘƛƻƴ /ƘŜŎƪƭƛǎǘέ ƛƴ Annex I for consultation during the process 
of developing assumptions as part of scenario development. Annex II 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 guide, see the 
Glossary in Annex III. 

  

                                                                 

1 This guidance covers analysis of the rainy season and potential impacts on crop and pasture production as determined through observational 
monitoring, but it does not go into specific details on assumptions regarding agricultural production and harvest prospects. 

http://earlywarning.usgs.gov/fews/climate-workshop
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Overview of the Steps to Developing Rainfall  Assumptions  

Commonly used by planners, policy-makers, and researchers of various disciplines, scenario development is 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, sŎŜƴŀǊƛƻ ŘŜǾŜƭƻǇƳŜƴǘ ƛǎ ŀƴ άƛŦ-ǘƘŜƴέ ǎǘŀǘŜƳŜƴǘτbut one that gains rigor through analysis. Using a 
consistent eight-step process, FEWS NET analysts use the scenario development process every four months to 
estimate food security outcomes for the coming eight months. Analysts use the Scenario Summary Table (SST) 
presented in Annex IV to conduct scenario development. 

Understanding the agroclimatology context and formulating 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 agroclimatological context ς 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.  

In Step 3 of scenario development (below), analysts formulate assumptions about critical events that are expected 
to occur during the projection period. This guidance document is focused on the development of rainfall assumptions 
for this step. Assumptions about typical rainfall patterns would be included in Step 3A. Anomalous rainfall ς including 
an early or late start to the season, or atypical rainfall totals ς would be included in Step 3B. The impacts of the 
assumptions about rainfall ς and any other expected anomalies or shocks ς then filter into the succeeding steps of 
scenario development, and ultimately the projected food security outcomes and classification of the levels of food 
insecurity.  

 

Step 2 of scenario development 

2A Summarize evidence of current food security conditions (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 
consumption and livelihood change. This could be direct 

evidence, like the result of a food security survey, or inferred 

evidence, like the outcome of livelihoods-based analysis. 

Food consumption: 

Livelihood change: 

2C Based on the response to 2A and 2B, classify the current 

food insecurity of the chosen household group (1B) using the 

IPC 2.0 Household Scale.  

Household group (1B) classification:  

2D Based on the household classification (2C), and available 
nutrition/mortality data, classify the overall area (1A) using 

the IPC 2.0 Area Scale. 

Description of available nutrition information:  

Description of available mortality information:  

Area classification:  

In the absence of emergency assistance would this 

classification be at least one phase worse?  

Step 3 of scenario development 

3A  List the key factors relevant to food security that are expected to behave normally during the scenario period.  

3B List the key shocks or anomalies that are expected to occur during the scenario period and that will affect food security. 

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 Is humanitarian assistance during the scenario period planned, funded, and likely? If so, describe these assistance plans 

(location, planned number of beneficiaries, type of program, amount, duration, and frequency). 
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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 sections. Annex II provides a complete example of a rainfall assumption formulated 
using these steps. 

Step 1: Understand the Climatology for the Area of Concern  

Implemented far in advance of start of season (SOS) or as needed 

Á Determine typical start/end of season and periods of peak rainfall 

Á Determine mean cumulative rainfall for a season and maximum dekadal rainfall, and identify 

seasons that had the most and least rainfall 

Á Evaluate spatial and temporal variability: calculate the standard deviation and coefficient of 

variation, and describe the variability 

Á 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) 

Á Understand key climate modes and their impacts on the area of concern 

Á Use sea surface temperature anomalies to identify climate mode(s) impacting the area of concern 

Á Indicate the typical impacts of the climate mode(s) 

Á 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 

Á Obtain available forecast information from international forecast centers  

Á Obtain forecasts from regional Climate Outlook Forums and regional and national meteorological 

agencies 

Á Interpret forecasts with support from the USGS FEWS NET Regional Scientist and FEWS NET 

monthly seasonal forecast call 

Á Examine the changing probability of rainfall events over the course of the season 

Á Revise assumptions based on forecast information and forecast call  

 

Step 4: Incorporate Monitoring Data from Remote Sensing and Other Sources  

Added from SOS to EOS 

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

Á Monitor observed rainfall to date and assess how rainfall aligns historically 

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

Á Continually revise assumptions based on remote sensing observations, updated 

forecast information, and field data  
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STEP 1: Understand the Climatology fo r the Area of Concern  

 

The first step to making rainfall assumptions ς 
understanding climatology ς takes place well in advance 
of the start of the rainfall season (SOS), and serves as a 
reference to current conditions throughout the season. 
Climatology refers to weather (conditions of the 
atmosphere over a short 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 guidance 
focuses on climatology related to rainfall totals and 
distribution, though climatology also includes other 
variables (e.g., temperature, wind).  

Although climatology can be understood as average 
conditions, it includes the consideration of all possible 
rainfall intensities, spatial distributions, and temporal 
distributions for a region. Knowing which years were, 
for example, the wettest and driest over the last 30 years provides points of comparison and thresholds for 
understanding the historical rainfall record.  

An understanding of climatology (average conditions and variability) provides the context and foundation for making 
and updating rainfall assumptions over the course of the rainfall season. In advance of forecast information, an 
understanding of climatology allows an analyst2 to make an assumption about average rainfall accumulation,  

                                                                 

2 ¢Ƙƛǎ ŘƻŎǳƳŜƴǘ ǳǎŜǎ ǘƘŜ ǘŜǊƳ άŀƴŀƭȅǎǘέ ǘƻ ƛƴŎƭǳŘŜ C9²{ b9¢ National Technical Managers (NTMs), Assistant National Technical Managers 
(ANTMs), Decision Support Group analysts, or other food security analysts conducting scenario development.  

Step 1 Overview  

Á Determine typical start/end of season and 

periods of peak rainfall 

Á Determine mean cumulative rainfall for a 

season and maximum dekadal rainfall, and 

identify seasons with most/least rainfall 

Á Evaluate spatial and temporal variability: 

calculate the standard deviation and 

coefficient of variation, and describe the 

variability 

Á Develop assumptions about rainfall 

performance based on climatology 
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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 within 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 example, may no longer represent the contemporary average.)  

FEWS NET analysts use rainfall data to evaluate key aspects of climatology, such as:  

Á The typical start and end of the rainfall season 

Á Average dekadal (10-day period) and seasonal rainfall totals 

Á Climate variability (mean and range of possible outcomes) 

Climate variability refers to the fluctuation of the 
climate (rainfall, temperature, etc.) over seasons and 
years. FEWS NET focuses on two main dimensions of 
climate variability: spatial and temporal variability of 
rainfall. Spatial variability refers to rainfall 
distribution across a landscape or over space. 
Temporal variability refers to rainfall distribution 
over time, and can refer to change within a season or 
over many years. Changes over many years may 
define a trend; trends over long periods (e.g., more 
than 30 years) may be due to natural climate 
variability (discussed later in this document) or to 
climate change. Trends can be a symptom of climate 
change, but not necessarily. Rainfall variability 
between years is referred as interannual variability 
(Figure 1), while changes within a season reflect 
intraannual (or intraseasonal) variability (Figure 2). 

Statistical calculations such as the standard deviation 
(SD) and coefficient of variation (CV) are important 
tools for understanding rainfall variability in a 
particular region. Standard deviation is the typical or 
average distance a value is from the mean, and 
identifies how much variation or dispersion from the 
mean exists within a dataset. In creating assumptions 
based on the average (climatology), standard 
deviation gives insight into how much the value may vary from year to year. It also helps describe how much rainfall 
is expected in an average year since most events (68 percent) will fall within one SD (+/- 1 SD). Ninety-five percent 
of all events fall within +/- 2 SDs of the mean.  

For example, Figure 3 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 bottom graph is spread 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 
variable than in the bottom graph.  

The coefficient of variation (CV) is typically used for comparing rainfall regimes (or rainfall variability) between 
different administrative units or regions. Coefficient of variation is the standard deviation as a percent of the mean: 

CV= (SD / mean) * 100  

Figure 1. Interannual rainfall variability 

 

Source: FEWS NET/USGS 

Figure 2. Intraseasonal rainfall variability 

 

Source: FEWS NET/USGS 
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With coefficient of variation, analysts can make a 
comparison among different magnitudes of variation 
or between regions with different means. It is 
important to note the units: standard deviation as 
precipitation is expressed in mm (the same unit as the 
mean), while coefficient of variation is a percent 
value. Areas with large variability relative to the mean 
(i.e., a high CV) represent locations especially 
vulnerable to seasonal variation. Coefficient of 
variation is a useful statistic for comparing the degree 
of variation from one data series (or one location) to 
another, even if the means are very different from 
each other. 

In Table 1, the coefficient of variation tells 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 deviations (Figure 4) may have very 
different coefficients of variation (Figure 5). Using the 
coefficient of variation, an analyst can understand 
that rainfall variability is much higher in Free State, 
South Africa than in Bie region, Angola (both locations 
are circled on the map in red). 

Figure 4. Standard deviation for annual 

rainfall totals 

Figure 5. Coefficient of variation for annual 

rainfall totals 

  

Source: USGS FEWS NET Source: USGS FEWS NET 

 Mean rainfall (mm)  SD CV 

Bie region (Angola) 1153 69 6 

Free State (South Africa) 482 95 20 
 

Figure 3. Distribution of two datasets with the same 

average but different standard deviation 

 

Table 1. Coefficient of variation results 

SD Mean CV 

171 mm 721 mm 24% 
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How to use the FEWS NET agroclimatology knowledge base to understand 

climatology  

To understand climatology for a particular area, FEWS NET 
analysts rely on satellite-derived rainfall datasets managed 
by the FEWS NET science partners: the U.S. Geological 
Survey (USGS), the University of California, Santa Barbara 
(UCSB), and the National Oceanic and Atmospheric 
Administration Climate Prediction Center (NOAA CPC). 
These datasets include the Climate Hazards Infrared 
Precipitation with Stations (CHIRPS), Rainfall Estimates 
Version 2.0 (RFE2), and Africa Rainfall Climatology Version 
2 (ARC2). Annex V 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 versus 10 km); the period of record is longer (CHIRPS covers 1981 to present 
whereas RFE2 covers 2001 to present); and the data are unbiased by using a long-term mean. However, RFE2 and 
ARC2 datasets are available daily, whereas CHIRPS data are available every five days.  

USGS has developed three web-based tools, described below, that allow analysts to easily access and interpret 
rainfall information for FEWS NET countries.  

USGS Agroclimatology Assumptions for Scenario Development (agroclimatology analysis) web tool 

For Africa, Central America, and Central Asia, USGS created a web tool that automatically generates key climatology 
data. The Agroclimatology Assumptions for Scenario Development tool provides 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 a 10-year period and the mean rainfall; the mean annual 
eMODIS Normalized Difference Vegetation Index NDVI, 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.  

Here is an example of data provided for a given area: 

 
 

From this information, an analyst could make the following assumption: 

Mean annual rainfall in this area is 166 mm. The rainy season typically begins in June and ends in October. 
Rainfall peaks in July and August. Rainfall is typically between 131ς202 mm annually. 

USGS Interactive Map Viewer 

An alternative tool is the USGS Interactive Map Viewer. The basic steps to accessing information on an area are to: 

Where to access rainfall data 

Å USGS FEWS NET data portal 

Å NOAA Africa Weather and Climate 

Å NOAA South Asia Weather and Climate  

Å NOAA Central America and the Caribbean Weather 

and Climate 

http://earlywarning.usgs.gov/fews/climate-workshop
http://earlywarning.usgs.gov/fews/mapviewer?region=af
https://earlywarning.usgs.gov/fews
http://www.cpc.ncep.noaa.gov/products/international/africa/africa.shtml
http://www.cpc.ncep.noaa.gov/products/international/sasia/sasia.shtml
http://www.cpc.ncep.noaa.gov/products/international/camerica/camerica.shtml
http://www.cpc.ncep.noaa.gov/products/international/camerica/camerica.shtml
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1. Turn on the overlay of interest (administrative 
area or crop zone) on the left-hand side of the 
map viewer.  

2.  Select the desired unit of analysis from the 
ά¢ƛƳŜ ǎŜǊƛŜǎέ ŘǊƻǇ-down menu at the top of 
the map. 

3. On the map, click on the specific area of 
interest; a single graphing window opens with 
each measure (eMODIS NDVI time series, the 
cumulative rainfall estimate (RFE) line graph, 
and the dekadal RFE bar graph) on a separate 
tab (see the example in Figure 6, which shows 
the cumulative RFE and dekadal RFE graphs).  

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. 

6. Note the mean cumulative rainfall amount.  

7. Analysts can also click on the drop-down menu 
in the upper left-hand corner of the window to 
select or deselect particular years, for comparison purposes. 

Using the example above, the rainfall regime for this area of southeastern Kenya could be summarized 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) 

¦{D{Ωǎ 9²· ƛǎ ŀƴ ƛƴǘŜǊŀŎǘƛǾŜ ǿŜō-based mapping tool that allows users to visualize continental-scale RFE, land 
surface temperature (LST), and normalized difference vegetation index (NDVI) data and anomalies at varied time 
steps and to review time series analyses. These datasets can be very useful in evaluating the climatology for an area 
(see example in Figure 7), as well as assessing seasonal progress once the rainy season is underway.  

Figure 7. Democratic Republic of the Congo, Province Orientale, 3-month rainfall for 

various years 

 
Source: FEWS NET/USGS 

Figure 6. Cumulative RFE and dekadal RFE data from Map 

Viewer 

 
Source: FEWS NET/USGS 
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Contextualizing climatology  

With an understanding of the basic aspects 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 
questions such as: 

Á What are the water requirements (mm) for staple crops in this area? 

Á Consider the crop phenology3 for staple crops (for example, during which weeks or months are the water 
requirements the highest)? 

Á When are crops or pasture most vulnerable to the effects of below-average rainfall?  

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

Á 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 assumption]: In Kenyaõs Eastern region, rainfall is expected to be near the average of 201 mm during the 

March through June rainy season (CHIRPS data). Rainfall is likely to peak in April (with average rainfall of 38 mm per dekad) 

and decline significantly in May. CHIRPS historical data indicates that cumulative rainfall during the March to June rainy 

season ranges from 122ð266 mm. This indicates a very high level of variability. 

Guatemala:  [February assumption] In Totonicapán, rainfall during the April to November rainy season is expected to be 

near the average of 1,078 mm (CHIRPS data). Annual cumulative rainfall (from April to November) ranges from 815 to 

1456 mm, indicating a high degree of variability. Rainfall generally begins in the first dekad of April, peaks around the first 

dekad of June, and peaks again in the third dekad of September. Rainfall declines during July and August, with the canicula, 

or mid-season dry spell, typically occurring for about 10 days between July and August. Maize crops are particularly 

vulnerable to the impacts of dry spells in July, during the first growth stage to the flowering stage. 

 

  

                                                                 

3 Crop phenology is the study of periodic plant lifecycle events and how these are influenced by seasonal and interannual variations in climate, 
as well as habitat factors (such as elevation). 

Step 1 Summary  

Á The building blocks for an assumption for a particular area include an understanding of average rainfall 

accumulation, spatial variability (where is rainfall strongest/lightest), temporal variability (how does rainfall 

change within a season; how does rainfall vary from year to year), distribution (what are the months of peak 

distribution), and timing (when does the rainy season begin and end).  

Á Standard deviation of seasonal precipitation provides insight into interannual rainfall variability. To compare 

interannual variability between two different areas, calculate the coefficient of variation (CV= (SD / mean) * 

100). 

Á Use the USGS Agroclimatology Assumptions for Scenario Development web tool or the USGS Interactive 

Map Viewer to obtain basic rainfall information and/or data. 

Á Climatology should be combined with an understanding of the agroclimatological context of a particular 

area, including water requirements for staple crops, crop phenology and vulnerability to water deficits, and 

length of the growing period for staple crops, among other factors.  
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STEP 2: Evaluate Climate Modes  

 

Step 2 ς evaluating climate modes ς starts several 
months before the start of the rainy season as 
information on sea surface temperatures (SSTs) and 
climate modes relevant to the season becomes 
available. Climate modes are key drivers of the weather 
ŀƴŘ ŎƭƛƳŀǘŜΣ ŀƴŘ ŀǊŜ ƻƴŜ ŀǎǇŜŎǘ ƻŦ ǘƘŜ ǿŀȅ 9ŀǊǘƘΩǎ 
climate behaves. Climate modes are often indicative of 
the general climate pattern that is likely to influence the 
forecast. The climate mode with the greatest effect on 
climates worldwide is the seasonal cycle, followed by El 
Niño-Southern Oscillation (ENSO). 

Climate modes are identified through variations in one 
or more of the following key parameters: SST, 
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 two 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, multidecadal, centennial, millennial, or longer timescales. 

Many climate modes are measured using SSTs. SSTs, which are determined using remotely sensed data or in situ 
ǘŜƳǇŜǊŀǘǳǊŜ ƳƻƴƛǘƻǊƛƴƎΣ ŜȄƘƛōƛǘ ǎƻƳŜ ƻŦ ǘƘŜ Ƴƻǎǘ ǊŜƎǳƭŀǊ ŀƴŘ ǇǊŜŘƛŎǘŀōƭŜ ŎƘŀƴƎŜǎ ƛƴ ǘƘŜ 9ŀǊǘƘΩǎ ŎƭƛƳate system. 
Changes in SSTs are one of the main controls of how much energy enters the atmosphere (energy is absorbed in 
the process of evaporation and released through the process of condensation). This is very important to the global 
atmospheric circulation, 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. 

Step 2 Overview  

Á Understand key climate modes and their 

impacts on the area of concern 

Á Use SST anomalies to identify climate 

mode(s) impacting the area of concern 

Á Indicate the typical impacts of the climate 

mode(s) 

Á Revise assumptions given current and 

projected climate modes 
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Many climate modes have three distinct phases: positive, 
negative, and neutral, representing the different phases 
of the oscillation. Several climate modes can be active 
(i.e., not neutral) at the same time. In some cases, the 
impacts of two or more active climate modes operate 
independently of each other, while in other cases, 
simultaneous climate modes produce specific impacts on 
climate patterns. For example, a positive Indian Ocean 
Dipole event in combination with an El Niño event will 
strengthen the El Niño impacts. 

Climate mode indices 

The phases of a climate mode are often represented by 
ƛƴŘƛŎŜǎ ǘƘŀǘ ǉǳŀƴǘƛŦȅ ŎƘŀƴƎŜǎ ƛƴ ǘƘŜ ŎƭƛƳŀǘŜ ƳƻŘŜΩǎ 
identifiable characteristics and can indicate the intensity 
of the climate mode. These indices often use a single 
number to represent the identifiable characteristics of the 
climate mode, such as temperature or pressure.  

Although climate modes are generally determined by measurements made in a localized 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 El Niño 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 impact rainfall 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 region, although an El Niño event was not declared during the 2014 rainfall season as 
expected, above-average SSTs in the eastern Pacific Ocean during the course of the Primera season nonetheless 
impacted rainfall patterns in the region, resulting in significant rainfall 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, SST patterns and 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), and the Subtropical Indian Ocean Dipole (SIOD). These climate modes have an oscillation pattern on a 
multiannual time scale; that is, they occur every few years. FEWS NET also monitors the Atlantic Multidecadal 
Oscillation (AMO) and the Madden-Julian Oscillation (MJO).  

How to incorporate climate modes into agroclimatology assumptions 

Analysts should work with USGS and NOAA scientists on a regular 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 Step 3). Knowing 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 decision-support 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 specific effects of climate modes on different regions. Annex VI provides a summary sheet 
of climate mode impacts that analysts can use as a reference.  

  

Climate modes in brief 

Å Climate modes are measured by variations in sea 

surface temperature, atmospheric temperature, 

precipitation, and wind; most are measured using SSTs 

Å The climate mode with the greatest effect on climates 

worldwide is the seasonal cycle, followed by ENSO 

Å Many climate modes have three distinct phases: 

positive, negative, and neutral 

Å Several climate modes can be active (i.e., not neutral) 

at the same time 

Å SST patterns can impact rainfall patterns even if the 

criteria for a climate mode are not met 

Å SST patterns and likely climate modes are often 

apparent before regional forecasts are available  



FEWS NET Building Rainfall Assumptions for Scenario Development February 2018 

Famine Early Warning Systems Network 13 

Climate Modes in D etail  

  

El Niño Southern Oscillation (ENSO) 

  

ENSO is most easily identified through changes 
in SST, over the tropical Pacific Ocean. ENSO 
comprises two opposing phases. The positive 
phase is called El Niño, characterized by 
warmer-than-average SST over the tropical 
Pacific Ocean. The negative phase is called La 
Niña, characterized by cooler-than-average 
SST over the tropical Pacific Ocean. 

The simplest way to measure ENSO is through 
averages of SST anomalies over areas of the 
tropical Pacific Ocean. Three common 
measurements of ENSO, the Niño3 index, the 
Niño3.4 index, and the Niño4 index, are shown 
in Figure 8. The Niño3.4 index (Figure 9) is the 
most widely used index of ENSO. Positive 
values of the Niño3.4 inŘŜȄ όŀōƻǾŜ лΦрɕ/ύ 
indicate El Niño events and negative values 
(below -лΦрɕ/ύ ƛƴŘƛŎŀǘŜ [ŀ bƛƷŀ ŜǾŜƴǘǎΦ  

Neutral ENSO conditions, when the Niño3.4 
ǾŀƭǳŜ ŘƻŜǎ ƴƻǘ ŜȄŎŜŜŘ ǘƘŜ ҌлΦрɕ/κ-лΦрɕ/ ŎǊƛǘƛŎŀƭ 
value for five consecutive months, refer to 
times in which there is not an active El Niño or 
La Niña event. An El Niño or La Niña event 
occurs, on average, every 3ς7 years and each 
typically lasts for 1ς2 years. 

Changes in SST are one of the main controls of 
how much energy enters the atmosphere, 
which in turn results in changes to the global 
atmospheric circulation, precipitation, and 
temperature patterns. Therefore, ENSO events 
have a major influence on the global climate. 
Table 2 lists the typical impacts of El Niño and 
La Niña events on specific seasons in specific 
regions. Annex VII shows the relationships 
between El Niño and La Niña during 
DecemberςFebruary and JuneςAugust.  

Figure 8. Three of the Niño SST regions used to measure 

ENSO 

 
Source: NOAA/ESRL/PSD 

Figure 9. Niño3.4 index, 1950ð2010 

 

Source: NOAA/ESRL/PSD 

Table  2. ENSO impacts 

Region Season El Niño  La Niña 

East Africa OctðDec Wetter than 

average 

Drier than 

average 

East Africa MarðMay Drier than 

average 

Wetter than 

average 

Central 

America and 

the 

Caribbean 

JunðAug Drier than 

average 

Wetter than 

average 

Southern 

Africa 

NovðMar Drier than 

average 

Wetter than 

average 

West Africa JulyðSept Drier than 

average 

Wetter than 

average 

Central Asia OctðMay Wetter than 

average 

Drier than 

average 

 

 

Source: NOAA/ESRL/PSD 
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West Pacific Gradient (WPG) 
  

Changes in SST over the Western Pacific, 
combined with El Niño and La Niña events, have 
far-ranging consequences across the globe. 
Simultaneous changes in the Western Pacific 
and ENSO events are measured by an index 
called the West Pacific Gradient (WPG). The 
WPG (Figure 10) is measured as the difference 
in SST between the Niño4 region and the 
Western Pacific. Figure 11 shows the temporal 
variations of the WPG.  

When the Western Pacific is warm during La 
Niña events (a negative WPG), the impacts on 
rainfall across the globe can be extreme. Table 
3 lists the typical impacts when a warm 
Western Pacific and a La Niña event occur at the 
same time during specific seasons in specific 
regions. 

Figure 10. Western Pacific and Niño4 regions 

 

Source: NOAA/ESRL/PSD 

Figure 11. WPG index, 1950ð2010 

 

Source: NOAA/ESRL/PSD 

Table  3. Impacts of a warm Western Pacific and a La Niña event 

Region Season Impact on rainfall 

East Africa OctðDec Drier than average 

(strong) 

East Africa MarðMay Drier than average 

(strong) 

Southern Africa NovðMar Wetter than average 

(strong) 

West Africa JulyðSept Wetter than average 

(strong) 

Central America 

and the Caribbean 

JunðAug Wetter than average 

(strong) 

Central Asia OctðMay Drier than average 

(strong) 

Central Asia JulðAug Wetter than average 

(strong) 

 

Source: NOAA/ESRL/PSD 
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Indian Ocean Dipole (IOD) 

  

The IOD quantifies the difference in SST between 
the western and eastern areas of the Indian 
Ocean (Figure 12). The IOD has positive, negative, 
and neutral phases. During the positive phase, the 
western Indian Ocean is warmer than the eastern 
Indian Ocean, whereas the reverse is true during 
the negative phase of the IOD (Figure 13). The IOD 
varies irregularly in time but is usually strongest 
during AugustςNovember.  

While the IOD is not always strong during ENSO 
events, it is unlikely for the IOD to be negative 
during El Niño and positive during La Niña. A 
positive IOD event in combination with an El Niño 
event enhances the El Niño impacts. Likewise, a 
negative IOD event in combination with a La Niña 
event enhances the impacts of the latter.  

The IOD strongly influences precipitation over 
East Africa during the OctoberςDecember season: 
a positive IOD results in enhanced precipitation 
over East Africa while a negative IOD results in 
reduced precipitation, as illustrated by the 
December precipitation anomalies in Figure 14. 
The impacts of a positive or negative IOD on FEWS 
NET regions are shown in Table 4. 

Figure 12. Indian Ocean Dipole regions 

 

Source: NOAA/ESRL/PSD 

Figure 13. SST patterns of positive and negative IOD 

 

Source: NOAA/ESRL/PSD 

Figure 14. Precipitation impacts of the IOD in December 

 

Source: NOAA/ESRL/PSD 

Table 4. IOD impacts 

Region Season Positive IOD Negative IOD 

Eastern Horn OctðDec Wet Dry 

Southern Africa NovðMar Minimal impact Minimal impact 

West Africa AprðJul Minimal impact Minimal impact 

Central America and the Caribbean JunðAug Minimal impact Minimal impact 

Central Asia OctðMay Wet Dry 

Central Asia JulðAug Minimal impact Minimal impact 

Note: The East Africa MarchðMay season is not included in this table, as a negative or positive IOD is a very 
unlikely occurrence in this region at that time. 

Source: NOAA/ESRL/PSD 

 










































































