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1.0 Abstract

March-April-May (MAM) and October-
November-December (OND) are the two 
significant rainy seasons in Kenya and 
East Africa at large. The two seasons are 
influenced by the movement of the rain 
belt and overhead sun northwards and 
southwards. In addition, the scientific 
evidence is indicating that it is much easier 
to forecast expected seasonal rainfall over 
the East African Region in the October-
November-December (OND) season several 
months in advance as compared to the MAM 
season.

The Indian Ocean Dipole (IOD) plays a 
critical role in driving the OND seasonal 
rainfall over the East Africa Region. Positive 
IOD signifies the warmer ocean waters near 
the East African Coast, which enhances the 
rise of warm moist air leading to more cloud 
formation inland, resulting in higher than 
normal rains being received in East Africa, 
including Kenya. 

The OND 2019 seasonal rains were linked to 
a positive Indian Ocean Dipole (IOD). This 
confirms the reason for the normal rainfall 
that was recorded in several weather stations 

in Kenya during OND 2019 that recorded 
the highest IOD index ever observed.

The impact associated with the normal OND 
2019 rains stresses the need for all disaster 
risk management actors to embrace the Early 
Warning Early Action concept to curb losses. 
These include loss of life and destruction of 
properties. The scientific community should 
not only predict accurately the occurrence of 
a positive IOD but also its magnitude.

The impact associated 
with the normal OND 
2019 rains stresses the 
need for all disaster 
risk management actors 
to embrace the early 
warning early action...

5



2.0 Introduction

1 ‘329335905_Extreme_Rainfall_and_Flooding_over_Central_Kenya_Including_Nairobi_
City_during_the_Long-Rains_Season_2018_Causes_Predictability_and_Potential_for_
Early_Warning_and_Actions.Pdf ’
2 ‘CA0227EN.Pdf ’ <http://www.fao.org/3/ca0227en/CA0227EN.pdf> [accessed 18 June 
2019].
3 C. Venton, 2012 https://assets.publishing.service.gov.uk/government/uploads/system/
uploads/attachment_data/file/67330/Econ-Ear-Rec-Res-Full-Report_20.pdf
4 UK Met Office, European Centre for Medium-Range Weather Forecasts, NOAA Climate 
Prediction Centre
5 IGAD Climate Prediction and Applications Centre
6 Kenya Meteorological Department, Tanzania Meteorological Agency, Uganda 
Meteorological Authority

The East African Region experiences two 
rainy seasons in a year, March-April-May 
(MAM) and October-November-December 
(OND). These seasons are influenced by the 
northwards and southwards movement of 
the Inter-Tropical Convergence Zone (ITCZ), 
which is a rain belt, and overhead sun. 

Scientific evidence1 shows that it is much 
easier to forecast expected seasonal 
rainfall over the East African Region in the 
OND season several months in advance. 
However, for the MAM season the earliest 
a useful forecast can be produced is just a 
month before the season. This is due to the 
well-researched influence of the Indian and 
Pacific oceans on the OND rainfall season. 
The warmth or cooling of ocean waters over 
the Pacific and Indian Ocean in August can 
give an indication on if the Region will expect 
enhanced or depressed rains in OND.

In the recent past there has been a shift in 
disaster risk management with humanitarian 
actors interested in anticipatory action 
which is now largely referred to as Early 
Warning Early Action (EWEA). This shift has 
come from the recognition that acting early, 
before the onset of a hazard, can reduce 

its impact, protect lives and livelihoods 
and save resources2. This is also due to the 
recognition that it is more costly to implement 
emergency response, compared to investing 
in preparedness and early action3. For EWEA 
to be feasible, early warning information 
needs to be provided in a timely manner 
and in a useful and usable format to support 
implementation of early actions. For early 
warning information producers to provide 
reliable climate information they need to 
better understand the systems that drive the 
weather and climate in the region. This has 
been done extensively over the East African 
region.

With an understanding of the systems driving 
the OND rains in the East African region, in 
September 2019, international4, regional5 

and national6 forecasting centers predicted 
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that the OND 2019 seasonal rainfall in East 
Africa including Kenya was expected to be 
above average. 

The Centers further predicted that the 
season was expected to start as usual in 
mid-October. However, by the first week 
of October most counties in northeastern 
and southeastern parts of Kenya started 
receiving rainfall, and by the second week 
the rains had spread out to the rest of the 

country. The rains continued until the end 
of December 2019 and into January 2020 
over the Western, Central, Rift Valley, 
Southeastern and Coastal parts of Kenya.

The rains in the season were characterised 
by days of intense storms and heavy rainfall 
with few and short dry spells. This resulted 
in much of Kenya receiving rains that 
were above (blue bars) what is normally 
received (red bars) in the season (Figure 1). 

Figure 1: Rainfall received in OND 2019 versus the Long Term Mean (Source: KMD)
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Figure 2: Flooded homesteads  in Osodo Village, Homabay County (Source: KRCS)
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Some places even received double what 
they normally receive; for example, Meru 
normally receives about 700mm during the 
OND seasons but received over 1400mm in 
OND 2019.

The rains received during the OND 2019 
season resulted in: filling and spillage of 
major dams including Ndakaini, riverine 
flooding in most river basins, landslides, 
displacement of families, infrastructural 
damages, disruption and destruction of 
livelihoods and loss of life (Figure 2).

According to Kenya Red Cross Society, 
41,417 households (HHs) (233,339 people) 
were affected, 11,135HHs were displaced, 
26,636 livestock reported deaths and 5051.5 
acres of farmland were destroyed.

On the other hand, the heavy rains also 
had a positive impact over the East African 
region, including Kenya. This is seen from 
the significantly widespread vegetation 
regeneration over the Region by the end of 
December 2019, represented by the green 
shaded areas in Figure 3. 

In January 2020, the Famine Early Warning 
Network reported that due to the OND 2019 
rains in Kenya, livestock milk productivity 

According to Kenya Red 
Cross Society, 41,417 
households (HHs) 
(233,339 people) were 
affected, 11,135HHs 
were displaced, 26,636 
livestock reported 
deaths and 5051.5 
acres of farmland were 
destroyed.
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had increased, partly due to more pasture 
from regeneration of the vegetation, while 
maize harvests in some areas were likely to 
range between average to above average. 
This was driving widespread improvement 
in food security outcomes across counties in 
Kenya7.

This study investigates the systems that 
caused the average rainfall over Kenya in 
OND 2019. It acknowledges that there have 
been changes in climate as well as driving 
systems and compares the magnitude of the 
driving system in 2019 with what has been 
observed historically and the link to seasonal 
rainfall totals. It further examines historical 
impacts experienced during recent seasons 
that had the same driving system.

7 ‘Short rains harvest and increased livestock productivity drive recovery in food security’ 
https://fews.net/east-africa/kenya/key-message-update/january-2020

This study investigates 
the systems that caused 
the average rainfall 
over Kenya in OND 
2019. It acknowledges 
that there have been 
changes in climate 
as well as driving 
systems and compares 
the magnitude of the 
driving system in 2019 
with what has been 
observed historically 
and the link to seasonal 
rainfall totals.
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Figure 3: Normalised Difference Vegetation Index as at end of December, 2019 (Source: FEWSNET)
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The OND 2019 rains were linked to a 
positive Indian Ocean Dipole (IOD). The 
IOD can be likened to a seesaw of sea 
surface temperatures between the East 
African Coast and south of Indonesia/north 
of the Australian Coast. During a positive 
IOD, Ocean waters are warmer near the 
East African Coast and cooler waters near 
Australia as shown in Figure 4. The warmer 
ocean waters near the East African Coast 
enhance the rise of warm moist air leading 
to more cloud formation inland, resulting 
in higher than normal rains being received 
in East Africa, including Kenya. The cooler 
waters near Australian coast led to drier 
and warmer than usual weather in Australia 
that led to widespread forest fires that were 
witnessed in late 2019 and early 2020.

During a negative IOD event, ocean waters 
are warmer near the Australian coast and 
cooler waters near the East African Coast 
(Figure 5). This leads to enhanced rainfall 
over Australia and depressed rainfall over 
East Africa. This was the scenario during 
OND 2016 and it was the beginning of a 

drought event that lasted through to 2017 
and saw 23 out of 47 counties face food 
insecurity.

The positive dipole index was at +2.15°C 
by November 2019 (Figure 6, peak A); this 
was the highest dipole index on record8. 
Historically, the highest dipole index was 
+1.5°C in November 1997 (Figure 6, peak 
B). This was also a year when ocean waters 
over the Eastern Pacific were warm (El Nino), 
which was not the case in 2019. The year 
when the ocean waters in the Pacific were 
neutral and warmer near the East African 
Coast were almost similar to 2019 is 1961. 
In 1961, the IOD index only went to +1.0°C 
(Figure6, peak C) in September, resulting 
in much higher rainfall in OND 1961. The 
rains caused widespread flooding over 
much of Kenya. This was dubbed the ‘Uhuru 
flood’, and was characterised by extensive 
inundation of low lying areas and destruction 
of existing infrastructures: dams, bridges, 
and homesteads.

3.0 WHAT CAUSED THE HEAVY RAINS IN OND 2019

8 https://weather.com/en-IN/india/monsoon/news/2019-09-16-2019-to-be-one-of-
strongest-iod-years-on-record-expert
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Figure 4: Positive Indian Ocean Dipole (Source: BOM) Figure 5: Negative Indian Ocean Dipole (Source: BOM)

Figure 6: Monthly Indian Ocean Dipole from January 1960 to March 2020 (Source: BOM and NOAA)
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In 2012 the ocean waters in the pacific and 
the Indian Ocean were similar to 2019 as 
early as August when the dipole index was 
at +0.94°C. Due to the positive dipole that 
was predicted to continue into the OND 
2012 season, the IGAD Climate Prediction 
and Application Centre(ICPAC) predicted 

above average rainfall over much of 
the region (dark green areas in Figure 
7). As predicted, Figure 8 shows that 
in OND 2012 most stations in Kenya 
received (blue bars) more rainfall than 
they normally received (red bars) in 
the OND season.

The average rains experienced in 
OND 2010 over parts of the Country 
resulted in: displacements of people as 
a result of flash floods and landslides, 
livestock death, loss of life and 
destruction of infrastructure including 
schools, hospitals, roads and bridges9. 
The destruction of infrastructure led to 
a challenge of accessing key services 
such as health facilities. Additionally, 
in Western Kenya and Coast there was 
an outbreak of waterborne diseases 
due to contamination of water sources.

According to the Kenya Red Cross 
(KRCS) 2012 flood Disaster Relief 
Emergency Fund (DREF) report, the 
regions worst hit by the floods were 
Coast, West Kenya and Northeastern. 
A total of 49,536 people were affected 
by floods in these regions. The worst 
hit constituency was Garsen with 

9 ‘Kenya DREF Report’ https://www.ifrc.org/docs/Appeals/11/MDRKE020dfr.pdf

Figure 7: Greater Horn of Africa (GHA) Region OND 2012 
seasonal forecast (Source: ICPAC)
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17,536 people being affected by riverine 
flooding along River Tana. This was closely 
followed by the Bundalangi Region where 
10,000 people were affected.

The report also notes that, although the 
OND 2012 resulted in destruction in some 
parts of the country, they were a welcome 
relief in parts that were experiencing drought 
due to three consecutive failed rain seasons. 
Parts of Northeastern that were relying on 
water trucking to meet their water needs 

experienced 20 to 30 percent recharge in 
water sources. The rains also supported the 
maturity crops in Southeastern and Coastal 
areas and this saw households that had 
earlier been classified in emergency food 
security phase moved to crisis and stressed 
phases. 

Figure 8: Rainfall received in OND 2012 versus the Long Term Mean (Source: KMD)

15



The amount of total seasonal rainfall and 
magnitude of impacts experienced in Kenya 
during a positive Indian Ocean Dipole event 
point to the need to accurately predict not 
only the occurrence of a positive IOD but 
also its magnitude. A correct prediction of 
the IOD directly implies a better prediction 
of the seasonal rainfall and this is key for 
disaster risk managers who are practicing 
EWEA because they will rarely take action in 
vain. 

The big question is if the high IOD index 
observed in 2019 is linked to climate change; 
this is a subject for further research. According 
to a new study by the National Oceanic 
and Atmospheric Administration (NOAA) 
the global average temperatures in 2019 
were 0.95°C higher than the 20th century 
average and ocean temperatures are hotter 
than they have ever been10. Additionally, 
NOAA scientists warned that the continued 
increase of ocean temperatures will lead to 
more severe and frequent natural extreme 
events such as tropical cyclones and change 
in rainfall patterns. These potential impacts 
of these extreme events, if not anticipated 

and proactively managed, risks causing 
long term damage to livelihoods, assets, 
infrastructure and broadly slow down 
development gains made in the country. 
This places emphasis on the need for more 
anticipatory approaches to make sure that 
livelihoods and development can withstand 
a new ‘normal’, and to enhance resilience.

4.0 DISCUSSION

10 https://time.com/5765489/ocean-temperatures-warmest-ever/ 

The big question is 
if the high IOD index 
observed in 2019 
is linked to climate 
change; this is a subject 
for further research.
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15Evidence of beneficiary trust was primarily qualitative. Several beneficiaries interviewed 
reported a high level of trust, however, quantitative proof of trust levels is as yet 
unavailable. 
16This learning was drawn from interviews conducted with beneficiaries and has not, as 
yet, been confirmed by comprehensive investigation.

5.0 CONCLUSION

Predictability of the OND rainfall season has 
improved over time due to the understanding 
of how ocean temperatures are influencing 
rainfall in that season in East Africa. Based 
on this, there is more confidence in using 
seasonal forecasts during OND, especially 
when a signal of a positive or negative IOD 
has been detected.

As scientists work round the clock to research 
the predictability of the rain seasons in 
a changing climate, climate information 
users and decision makers are encouraged 
to use seasonal, monthly, weekly and daily 
forecasts, that is, seamless forecast updates, 
to implement seamless anticipatory and 
preparedness actions. This can involve 
implementation of low regret/low cost 
anticipatory actions based on seasonal 
forecasts, while higher cost actions can be 
implemented with shorter term forecast 
updates.

...there is more 
confidence in using 
seasonal forecasts 
during OND, especially 
when a signal of a 
positive or negative IOD 
has been detected.
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Disaster risk managers need to:
• Not only understand the OND seasonal 

forecasts, but also get an understanding 
of the IOD signal. This informs the level 
of confidence in the OND seasonal 
forecast, and therefore the decision on 
whether to take action based on the 
forecast or not.

• Take advantage of the relatively reliable 
long lead time in OND forecasts during a 
positive IOD to develop a combination of 
low- and high- cost anticipatory actions 
that can be taken ahead of floods. 

Producers need to:
• Put more emphasis in evaluating the 

reliability of forecasts and communicating 
this information for decision making. 
While this study has given an indication 
of a positive IOD, work is yet to be done 
to analyse the reliability of the forecasts 
issued in the past when IOD was positive. 

• Strengthen existing and/or develop new 
early warning communication systems 
which focus on ensuring that information 
reaches the last mile users with the right 

content and format of early warning 
information, using seasonal forecast as 
well as monthly and weekly forecasts.

6.0 RECOMMENDATIONS/A CALL TO ACTION

Put more emphasis 
in evaluating the 
reliability of forecasts 
and communicating this 
information for decision 
making.
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