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Objective and Aim of the study 

 The main  objective of this study is to use  HIRHAM5_A1B - 

a High resolution regional climate model in assessing climate 

variability and change in East Africa... 

 The Aim is to produce climate information necessary for 

hydrological and agricultural use for early warning and  

strategic plan for  government and policy makers... 



How can we detect climate change 

 

In order to detect climate change at a place rigorous 
statistical analysis and tests should be performed on 
climatological variables; such analysis should include: 
trend, long term mean change in a climatic variable, 
changes in frequency and severity of extreme events, 
temporal distribution of climatic events (e.g. rainfall 
onset and cessation dates, including shift in seasons) 



Climate variability and Change  
 • Climate variability and change are considered due to the 

following questions(IPCC TAR): 

  How much is the warming? 

 Is the recent warming unusual? 

 How much did climate change in the distant past? 

 Have the precipitation and atmospheric moisture 
changing? 

 Are the atmospheric/oceanic circulation changing? 

Are the observed trends internally consistent?  



What do the IPCC AR4 global models say 
about temperature and precipitation 

changes? 

 
•Temperature in-crease by ~ 3°C 
•Precipitation decrease over most of E Africa, 
mainly wet season 

•Note: poor model agreement 
•Note: this is for 2080-2099; many models project 
a precipitation decrease over the next 2-3 
decades 



• Observation data available for the study 
area 

• Accurate, completeness and consistency 
series of observation data 

Challenges within the study area 



EXAMPLES OF RAINFALL STATIONS 
VISITED RECENTLY 2011 DECEMBER 

DATA QUALITY -
CHALLENGE 

Inadequate observation stations 

Insufficiency  funds to run the 
available stations (incentives for 
voluntary stations) 

 inadequate modern equipment 
:  automatic  weather stations, 
radar , telecommunication, 
working facilities computers ..etc 

Inadequate experts/human 
resource 

 

 

 

Station A 

Station  C 

Station B 

Data storage 



Rainfall Stations in Southern part  of Tanzania 
(TMA+Voluntary) _ Great Ruaha river area(GRR) 

•   



HIRHAM is a regional atmospheric climate model 
(RCM) based on a subset of the HIRLAM 

(Undén et al, 2002) and ECHAM models (Roeckner et 
al, 2003), combining the dynamics of the former 
model with the physical  parameterization schemes of 
the latter. 

The original HIRHAM model was collaboration 
between DMI, the Royal Netherlands Meteorological 
Institute (KNMI) and MPI. 

Technical report 06-17: The HIRHAM Regional Climate 
Model Version 5 (β) 

HIRHAM5  



Downscaling to 10 km 
• ECHAM5/MPI-OM1 GCM T63L19 (ca. 2° x 2°) 

18400 grid points for the entire globe 
 
 
 
 

• HIRHAM5 CORDEX 44 km L31 
48000 gridpoints for all of Africa 
 
 
 
 

• HIRHAM5 10 km L31  
120000 grid points for East Africa 



Model domain 
 
• 362 x 332 grid points at 

10 km 
• 38 grid points with 

elevation 
≥ 3000 m (Kilimanjaro: 
4300 m) 
ECHAM5 forced by obs. 
concentrations of CO2 
etc. 1950-2000 

• A1B projection from 
2000 on 

• Three 20 year time 
slices: 1980-1999 , 
2046-2065  

•  hindcast 1989-2009 
with ERA Interim 
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2Meter temperature HIRHAM_ERA Interim Vs 
Observation (ERA Interim)  



HIRHAM5 A1B_44KM VS OBSERVATION 



Rainfall sums (mm/year) for  model domain and averaged 
area of Tanzania 



Rainfall Percentilies at 44km in Different time 
scales mm/day 

 2080-2099 
2046-2065 1980-1990 

 Increase in the  extreme low precipitation from present day 
climate to the future climate day 

 Both 10th and  90th percentiles  shows decrease tendency 



90th percentiles change of Rainfall 



Maximum number of consecutive dry days (days with ≤ 1 mm 
precipitation), 20 year average 1980-1999, in days per year km 

10 km 44 km 





Minimum temperature Anomaly for model domain and 
averaged area of Tanzania 



Seasonal changes in the Percentiles of Minimum 
temperature over  East Africa Domain 

 2046-2065 Vs 1980-1999_44kmres 



Seasonal changes in Percentiles of Minimum 
temperature over  East Africa Domain 

2080-2099 Vs 1980-1999_44kmres 



Time series HIRHAM5_A1B EAST AFRICAN 
 

EAST AFRICAN Domain: 
lon=15.956W,52.056E; 

                                     lat=28.035S,5.035N 



Seasonal changes in the Percentiles of Maximum 
temperature over  East Africa Domain  

2046-2065 Vs 1980-1999 



Seasonal changes in Percentiles of Maximum 
temperature over  East Africa Domain 

2080-2099 Vs 1980-1999_44kmres 



44kmRes0 Warming is higher in lower resolution than in 
higher resolution 
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2Meter temperature Present day climate Vs Near 
Future Vs Future 
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Summary(1) 

•The  HIRHAM5_A1B was  able to simulate the  present day climate patterns however 
there are some small  differences  in two versions (10km and 44km resolution). 
 
•Warming is a resolution dependent: larger in 44 km resolution than with GCMs and 
10km version. Probably due to model topography. 
 
•Warming around 4°C for differences between  (1980-1999)  and (2080-2099) over 
most of the regions, in particular during the wet season. This probably is ascociated 
with cloud cover which contributes more heat during the wet season, and the soil 
moisture. 
 
•Precipitation is also a resolution-dependent, but less clear: slightly less rain in 10km 

•Considerably less precipitation (2046-2065) near future and future(2080-2099) 
climate  compared to the present day climate (1980-1999) in many regions of East 
Africa. 



• Changes in circulation due to changed topography, most 
clearly visible around Mt. Kilimanjaro, Indications for slight 
weakening of winds over sea and a slight increase over land, 
probably due to the more rugged topography in the 10 km 
run. Indication for slightly weaker winds during the dry 
season and slightly stronger winds in the wet season. (Figure 
not shown) 

• The moisture is also found to decrease more in the future 
compared to the present day climate and Near future climate 

Summary (2) 



Mt. Kilimanjaro from balloon, Feb 19, 2003 


