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Climate zone

Kenya’s capital city, Nairobi, is projected to be adversely affected
by the impacts of climate change, with temperature and rainfall
variability resulting in an array of cross-sectoral climate-related
impacts (IPCC, 2013). The shifting climatic system of the South
Indian Ocean Dipole (IOD) is believed to contribute to the increas-
ing uncertainty of seasonal and interseasonal rainfall and spatial
variability in Kenya (IPCC, 2013; Hashizume et al., 2012) and is
already leading to a warmer climate in Nairobi. These changes in
climate are thought to make highland areas in East Africa more suit-
able for malaria epidemics, potentially placing Nairobi as a future “at
risk” city for malaria (Ermert et al., 2012). Improved knowledge of
malaria threshold conditions and greater predictability of loca- lized
weather patterns would enable the Government of Nairobi to
assess the threat of a malaria epidemic and determine the need for
aresponse strategy.

The 10D is a coupled ocean—atmosphere phenomenon in the equa-
torial Indian Ocean defined as the difference between the sea sur-
face temperature (SST) of the eastern and western parts of the Indian
Ocean and is measured by the Dipole Mode Index (DMI). A nega-
tive IOD event is characterized by cooler than normal water in the
tropical eastern part of the Indian Ocean and warmer than normal
water in the western part of the Indian Ocean basin. Heavy and pro-
longed rains during the short rainy season (September, October, and
November) in the East African highlands are most likely influenced by
positive 10D events (Hashizume et al., 2012). Any prolonged short-
rains season is therefore conducive to a seasonal malaria event since
the short-rains season is followed by warm weather, enhancing the
development of mosquitoes and malaria parasites. A shift in the
10D induced by climate change could therefore directly influence
the weather in Nairobi, exposing the city to future malaria epidem-
ics. Even if precipitation and the 10D remained unchanged, warmer
temperatures thereafter due to climate change could also increase
malaria risk.

According to the Intergovernmental Panel on Climate Change
(IPCC) Fifth Assessment Report (AR5; Smith et al., 2014), highland
areas in East Africa could experience increased malaria epide-
mics due to climate change. However, the complexity of malaria
development and how it is affected by climate variations is a sub-
ject of uncertainty. Nonetheless, theories on malaria thresholds
have been studied and observed (Cox et al., 1999), and thresholds

Case Study 2.4 Table 1 Summary of Climate Variables for Kerichoand
Nairobi.

Minimum malaria Kericho  Nairobi
Climate variable  threshold (2,182m) (198 m)
Precipitation Greater than 80 mm X

for 5 consecutive

months
Relative humidity Greater than 60% v v
Mean temperature  Greater than 14.5°C ¢/ v

for malaria transmission have been established for temperature,
humidity, and precipitation. Malaria transmission requires a rel-
ative humidity of minimum 60%, monthly average precipitation of
80 millimeters or more for 5 consecutive months (Cox et al., 1999),
and for the malaria development cycle to be completed at monthly
mean temperatures not below 14.5°C and 20°C for the parasites
Plasmodium vivax and P. falciparum, respectively (Kim et al.,
2012).

Malaria epidemics have long been common in the Kericho district
in western Kenya, and malaria is now a seasonal occurrence within
the district. High levels of malaria incidence emerge in Kericho after
the long rains in March until the declining temperatures decrease
the transmission in July. Changes in climate variability, increased
resistance to antimalarial drugs, population movements, alterations
in mosquito vectors (e.g., species), and impaired health services
are all contributing factors to the re-emergence of malaria
seasonality in Kericho (Shanks et al., 2005). Many studies have
implied that Nairobi is malaria-free because of its location at an
altitude of 1,798 meters and its resulting low mean temperature
(Hay et al., 2002). However, Kericho, at 2,182 meters, is situated at
a higher altitude than Nairobi and its mean monthly minimum
temperatures are not significantly different. Because temperatures
alone do not correlate with malaria transmission and minimum
humidity and precipitation are also required (Cox et al., 1999), an
assessment of data on precipitation, temperature, and humidity in
Nairobi and Kericho from Kenya Meteorological Services (KMS)
assessed the climatic differences related to malaria transmission
between these two sites. These findings are summarized in Case
Study 2.4 Table 1.

Prolonged short-rain seasons are recognized as triggers for
increased malaria transmission in the East African Highlands region
(Hashizume et al., 2012), and, as such, the primary focus on
potential malaria introduction in Nairobi was assessing data on the
short-rains season precipitation and timeline. Data on monthly pre-
cipitation over a 30-year period show that Nairobi does receive the
minimum 80 millimeters precipitation during its short-rains season,
but the season has not exceeded 5 consecutive months in current
conditions.

In the comparison site of Kericho, the data revealed that although
moderate malaria transmission occurs throughout the year, includ-
ing the short-rains season, the highest levels of malaria transmis-
sion were actually found to occur during the long rains (Tonui et al.,
2013). The study subsequently looked into whether malaria-suitable
climate conditions occurred in Nairobi during any period of the year.
The data revealed that Nairobi had precipitation of 80 millimeters or
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more for only 4 consecutive months six times in the past 30 years.
The observations show that the trigger point for malaria in Nairobi is
increased precipitation, but no indication of increased precipita- tion
for 5 consecutive months has been found in the past 30 years.
Furthermore, extrapolating the precipitation trends to 2030 does not
indicate that any malaria introduction will occur in Nairobi up to this
future period.

This study shows that Nairobi is malaria—free because it does not
meet the malaria threshold of more than 80 millimeters of
precipitation over 5 consecutive months. Nevertheless, Nairobi
was found to be very close to meeting all minimum thresholds.
When correlating the precipitation data with El Nifio events, the
results show that 4 out of the 6 years in which Nairobi had 4
consecutive months of more than 80 millimeters precipitation are
directly correlated to El Nifio events. Nairobi is therefore only 1
month short from being climatically suitable for malaria during
years with El Nifio events. This indicates the need for better cli-
mate variability modeling in Nairobi so it will have the capacity to

Case Study 2.4 Figure 1 Average rainfall over Kenyafrom eight weather stations for the period of December, January, and February (DJF)annually from 1983 to
2013, against sea surface temperatures (SSTs)in the central Pacific Oceanregion associated with the ElNifio Southem Oscillation (ENSO3.4) and the Indian Ocean Dipole
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project potential future outbreaks of malaria. This will make the
city more resilient in preparing for effective preventative malaria
response action.

Rainfall in East Africa is known to align closely with the ocean-at-
mospheric anomaly of the El Nifio Southern Oscillation (ENSO) over
the Pacific Ocean, reacting as well with the 10D in the Indian Ocean,
as Case Study 2.4 Figure 1 demonstrates. The effect, known as a
teleconnection, refers to climate anomalies that are related to one
another over large distances. The 2014 IPCC AR5 indicates that
future warming is highly likely to intensify interannual rainfall
variability in East Africa, resulting in an increase in the number of
extremely wet seasons (Smith et al., 2014). Monitoring and predic-
tion of ENSO are therefore of large value for countries in the East
Africa region.

In conclusion, improved climate modeling and monitoring of future El
Nifio events will enable the city government to plan for and reduce
the potential impacts of future malaria epidemics in Nairobi.
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