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Outline  
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Climatology 
Lake Water Currents & Temperature Patterns  

Satellite TRMM 
Rainfall 

Climate Model 
Lake Surface 
Temperature 

Climate Model 
Near Lake 
Surface 
Air flow 



Potential Major Sources of Uncertainty  in Current Climate Models 

1.  Climate projections  not 
adequately take into account 
land cover changes (due to 
urbanization) influence on 
regional climate 

2.  Climate models do not have 
realistic representation of lake 
3D hydrodynamics interaction 
with regional climate 

3.  Climate models do not have 
realistic formulation of 
ground water hydrology 
influence on regional climate 

4.  Climate models do not have 
sufficient spatial resolution to 
resolve critical climate change 
interactions 

Any of these factors  could impact the climate projections 

Forecast of urban expansion 
around LV by 2030 (Seto et al., 
2012,PNAS) 

Lake circulation & surface 
temperature (Semazzi et al., 2012) 

Realistic hydrology 
formulation 
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HYVIC has been inspired by the East African Community feasibility study 
that made the recommendation for the creation of HYVIC: : “Enhancing 
Safety of Navigation and Efficient Exploitation of Natural Resources over Lake 
Victoria and Its Basin by Strengthening Meteorological Services for Lake 
Victoria” 
 

“… we suggest creation of the Regional 
Hydroclimate Project (HYVIC) GEWEX …”…
2012 
 
The feasibility study was funded by the EAC [Semazzi et al; http://
climlab.meas.ncsu.edu/Final_Report_LVBC.pdf] 
 

EAC=Burundi, Rwanda, Kenya, Uganda, Tanzania 

EAC Feasibility Study Authors: Fredrick Semazzi (lead), Sandra Yuter, James Kiwanuka-Tondo, 
Lian Xie, Casey Burleyson, Bin Liu, Kara Smith, Pascal Waniha (NC State University; USA); Lynn 
Rose (Atmospheric Technology Services Company, Norman, OK; USA); Ruben Barakiza (Institut 
Geographique du Burundi), Peter Ambenje (Kenya, Meteorology Department), Anthony Twahirwa 
(Rwanda Meteorological Service), Hamza Kabelwa (Tanzania Meteorological Agency), Ronald 
Wesonga (Uganda Meteorological Department), Laban Ogallo and Joseph Mutemi (University of 
Nairobi and ICPAC, Kenya) and Francis Kirudde (Uganda, UMEME). 

Inspired by East African Community Feasibility Study  
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Baltic Sea Experiment 
(BALTEX) Northern Eurasia Earth 

Science Partnership 
(NEESPI)

Monsoon Asian Hydro-
Atmosphere Science 

Research and 
prediction Initiative 

(MAHASRI)

Climate Prediction 
Program for the Americas 

(CPPA)

Large Scale Biosphere-
Atmosphere Experiment 

in Amazonia              
(LBA)

La Plata Basin 
(LPB)

African Monsoon 
Multidisciplinary Analysis 

(AMMA)

HYdrological cycle in the 
Mediterranean EXperiment 

(HYMEX)

Murray-Darling Basin 
(MDB)

Mackenzie GEWEX 
Studies (MAGS)

GEWEX Asia Monsoon 
Experiments (GAME)

Current RHP's
Former RHP's
Prospective RHP's

GEWEX REGIONAL HYDROCLIMATE PROJECTS

Hydroclimate Project 
for Lake Victoria 
Basin (HYVIC) 

Proposed GEWEX RHP 
Hydroclimate Project  

for Lake Victoria Basin  
(HYVIC) 
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GEWEX is a core project of 
WCRP on Global Energy & 
Water Exchanges 

GHP: A GEWEX 
Hydroclimate Panel 



•   
 
 
HyVic : Hydroclimate project for Lake 
Victoria (HYVIC) Regional Hydroclimate 
Project (RHP)  
 
- A framework for global cooperation 
 
- HyVic primary objective is to provide 
underpinning understanding of the 
climate over Lake Victoria Basin (LVB) 
and improve its predictability and 
projections to support decision making 
in the region  

 
 
 

8 



HyVIC Research Theme#1 

HyVIC Research 
Theme#4 

HyVIC Research 
Theme#5 

HyVIC Research Theme#2 & 
3 

 HyVic Users of Research Outcomes 

HyVIC Science Plan Components 

HyVIC Research Theme-1: Translational Research Interface with Applications 
HyVIC Research Theme-2: Severe Weather and Water Currents (collaboration with WWRP-LVP) 
HyVIC Research Theme-3: Lake Victoria Basin Water Budget 
HyVIC Research Theme-4: Regional Earth System Modeling (REaSM) & Prediction/Projections 
HyVIC Research Theme-5: Observation of the Hydroclimatological System  

(Customized from GFCS) 

Capacity Building 

& 

Educatio
n HyVic International Coordination Panel 

H
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HyCristal: Integrating Hydro-Climate 
Science into Policy Decisions for 
Climate-Resilient Infrastructure and 
Livelihoods in East Africa – First Major 
Funded Project Inspired by HyVic 
(NERC funding) 

HyVic : Hydroclimate 
project for Lake Victoria 
(HYVIC) Regional 
Hydroclimate Project 
(RHP) – A coordination 
platform for global 
cooperation 

HyNEWS Consortium 
–  A coordination 
platform for regional 
cooperation 

May 
2011 

April201
5 

July 
2015 

not to 
scale 

HyVic 
Funding 

 
WISER-DFID– the ‘last 
mile” HyVic (DFID 
funding) 
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HyVIC Research Theme-1 
Translational Research Interface with 

Applications 
 

-  2 HyCristal project pilots (Funded by NERC) 
 
-  3 WISER program pilots (to be Funded by DFID) 
 

•  Water resources 
•  Fisheries & crop agriculture 
•  Renewable energy  



RegCM downscaled rainfall for 2071-2100 used as input for the Tate et al (2004) WBM to 
compute the LL. (Smith, 2011); evaporation is 13.5% above present  level based on A2 
scenario.  Thus projection is 2 meters above present lake levels. (Kara et al, 2013) 

Past & Projected Lake Victoria 
Levels 

 

Projected 
Lake Levels 

13 meters: 
1960 
11 meters: 
2010 

14 meters: 2100 

207
0 

210
0 

1900 2010 19
60 

North Carolina State University 

13 

DFID WISER 
FUNDING  
…. Optimization of 
hydroelectric power 
generation … “water 
release rule” at 
source of the Nile 
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HyVic Team Meets the Hon 
Minister  

for Karamoja Affairs 

DFID WISER FUNDING  
(exploration of wind energy) 



Road infrastructure development plan should take climate projections information into 
account in their developmental plan (black lines are the existing road network) 

Semazzi et al, 2011 

Lake level projections 
based on RegCM 
regional climate 
model projected 
rainfall 
using the agreed 
curve water release 
rule of the 
hydroelectric dam at 
the source of River 
Nile, Jinja/Uganda 

DFID WISER FUNDING  
Wetlands 

(impacts on road 
Infrastructure) 

 … changes in 
habitats for marine 
life including fish... 

BIOLOGICAL SYSTEMS 
 



Increased 
dependence on the small pelagic 

clupeids in Lake Victoria as climate intensifies 

DFID WISER FUNDING  
(Fisheries and Crop Agriculture) 



NERC Funding: Urbanization Planning Sector 

Forecast of urban expansion 
around LV by 2030 (Seto et 
al., 2012,PNAS) 
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HyVIC Research Theme-2 
High Impact Weather and Water Currents 

(collaboration with WWRP-LVP) 



Water Spout Entebbe-Uganda (Dec 14, 
2009; potential hazard for marine 
navigation over Lake Victoria 

SWNDP and SWFDP 
(3000-5000 Lost Every Year) 

Near-Term Plan (WWRP Lake Victoria Project): Use Lightning and Other 
Satellite Products for Nowcasting   
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HyVIC Research Theme-3 
Lake Victoria Basin Water Budget 
(no new developments to report) 



Energy & Water Budgets 
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HyVIC Research Theme-4 
HyVic Regional Earth System Modeling 

(REaSM)  
and  

Climate Predictions/Projections 
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NSF FUNDING 
Develop Regional Earth System Modeling Capacity in East 

Africa) 



Low-pass filtered rainfall (>10yr), MAM average over Greater Horn of Africa 

Decadal Climate Variability 
East African Climate Change Paradox 

•  Persistent past decline & projected reversal and increase 
•  Phenomenon known as the East African climate change paradox  
•  Could have profound implications on LVB sustainable development for more 
than 35 - 40 million people  

Observed 
(CAMS-OPI) 

CMIP5 RCP8.5 ensemble 
mean 

24 

(David Rowell, 
UKMO, 2013) 
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The problem is of profound importance 
because of the following high level 

science questions  
(i)  need to know whether indeed the reversal will occur,  

(ii) the timing of when it will materialize and  

(iii) whether these two factors can be determinable at 
acceptable levels of confidence to inform the management 
of the leading regional social-economic sectors - including 
agriculture, fisheries, water resources, tourism, energy, urban 
development, transportation, bio-diversity conservation, 
construction and disaster risk management 

 



ONE COMPONENT PF THE PARADOX 
Abrupt decline in the  

East African long rains since the 1980s 

Anomalous MAM rainfall (from GPCP; mm/day) - (Lyon and DeWitt, 2012) 
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What are the main attributions factors 
for the decline? 
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What is the Cause of this  
Multi-Decadal Drought? 

 

Composite of Rainfall for dry (1985-2000) minus wet (1970-1985)-MAM 



Major Controversy Regarding  
Attribution of the Multi-Decadal Drought 

Williams & Funk (2011): Anthropogenic warming forced rapid warming of 
Indian Ocean SSTs; extended the warm pool & Walker circulation westward; 
resulting in a subsidence anomaly & drying over East Africa… anthropogenic 
greenhouse warming. 
Rowell et al (2015): East Africa “climate paradox” – potential role for 
anthropogenic aerosol. 
Lyon and DeWitt (2012); Lyon et al. (2014); Yang et al (2014): On the 
contrary,  linked the decline with a shift to warmer SSTs over the western 
tropical Pacific and cooler SSTs over the central and eastern tropical Pacific …
natural variability – Pacific Decadal Oscillation 
Semazzi et al (2015): The decadal variability of the cessation is dominated by 
AMO stationary Rossby wave; AMO contribution on MAM total season is same 
order of magnitude but less than Indo-Pacific Pacific …natural variability – 
North Atlantic Oscillation (NAO) 



29 Semazzi et al; Nature Communication (2015, in revision) 

May EOF1 (AMO-like)  geopotential at 300mb 
Composite  

(negative/positive AMO/EA rainfall) 



30 8-10 Oct. 2014, 
Marrakech, Morocco 

Rainfall May EOF1 loading for the EA region, (right) Rainfall EOF1 
for EA region and AMO time series. 

East African Rainfall and 
AMO 



May Anomaly flow, 1951-2010 Composites 
Wet Composite, 

300mb 
Dry Composite, 

300mb 

Wet Composite, 
850mb 

Dry Composite, 
850mb 
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Rainfall May EOF1 loading for the EA region, (right) Rainfall EOF1 
for EA region and AMO time series. 

East African Rainfall and 
AMO 
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Dry Composite-Warm AMO 
Phase 

SST and Surface Wind 
Vectors 

Wet Composite-Cold AMO 
Phase 

SST and Surface Wind 
Vectors 

Upwelling Response to Atlantic AMO 
Forcing 



                      Potential Role of Land Surface 
Change 

Forecast of urban expansion 
around LV by 2030 (Seto et 
al., 2012,PNAS) 
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HyVIC Research Theme-5 
Observation of the Hydroclimatological 

System  
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Limnological and Meteorological  
Observational Campaign  

(Inception WISER Funding Phase)  

•  Six moorings , each mooring will contain sensors for temperature, irradiance meter, 
relative humidity, a pressure gauge, bottom-mounted acoustic Doppler current profiler 
(ADCP), and Sonde carrying photosynthetically active radiation (PAR), dissolved 
oxygen (DO), turbidity, pH, chlorophyll, phycocyanin sensors.  

 
•  This in-situ data will be combined with remote sensing data from Observations from 

Moderate Resolution Imaging Spectroradiometer (MODIS),Advanced Very High 
Resolution Radiometer (AVHRR), Sea-viewing Wide Field-of-view Sensor (SeaWiFS), 
and Tropical Rainfall Measuring mission (TRMM) to examine surface temperature, 
aerosol optical depth, rainfall, primary production at local (50 km), regional (1,500 km) 
and continental scales (3,000 km). Two ship surveys will be conducted per year in 
January and July. 

•  Boat-based observations for lake surface temperature and other variables 
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HyVIC Capacity Development 



Status of Scientific Research  
Capacity Publications (IPCC-AR5) 

Add 
Slide 67 



AR5-WGP3 

National Climate Legislation and 
Strategies in 2007 and 2012  

Middle East and Africa, only 
region with no  

Climate Policy Legislation 
… but legislate what? 



Building Climate Science Technical Capacity 
& Interface with Policy Makers for Climate Services 

Local 
Expertise 

International 
Expertise 

Climate modeling  
tools 

Inftrastructure 
(computers, obs, 
internet etc) 

Climate Science Technical capacity 
(HyVic Science); HyCristal; CCKE 
 

  

Stakeholders for the climate services who 
will use and advocate for funding and 
support for research  in climate  science 

THE 
CYCLE 
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•  Researchers and students attached with the HyCristal project 

•  Post-doc and graduate fellowships 

•  University curriculum 

•  Training workshops and clinics in modeling, impacts and decision making 

•  Interdisciplinary teams of 12 researchers working together continuously for 
an average 6 months at the RCC and Met Services Departments to develop 
practical strategies for climate risk management. The research teams will 
typically consist of a core team of graduate students, and researchers 
coming from the countries in the region which include participants from the 
National Meteorological and Hydrological Services (NMHSs), RCC staff, 
representatives of the application sectors and policymakers in government 
and the private sector.  

HYCRISTAL and WISER Funding – Capacity Building 
Activities  
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HyVIC Coordination 
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International Steering Committee 

Fredrick Semazzi (lead), North Carolina State University-USA, Sam Benedict (GEWEX ICPO, TBC), 
Peter J. van Eleven (GEWEX ICPO, TBC), Paul Joe (Environment Canada), Norman Miller (Earth Sciences Division, Berkeley National Laboratory and the Department of Geography, 

University of California at Berkeley); Richard Anyah, U. of Connecticut-USA; Burak General (Texas A&M University; TBC), Alban Gallo 
(University of Nairobi and ICPAC, Kenya), Joseph Mute (University of Nairobi and ICPAC, Kenya), Henry Tale (Department of Civil Engineering, Maker ere University, Uganda), Joseph 
Decapolis (North Carolina State University), Sham Borah (University of Minnesota), Stefan Lies (University of Minnesota, TBC), James Kiwanuka-Tondo (North Carolina State University), 

Lian Xie, North Carolina State University-USA, Roy He (North Carolina State University), George Xue (North Carolina State 
University), Andrew Githeko (Kenya Medical Research Institute; TBC), Evelyn Kobusinge (TBC, agriculture and food), TBD (lead for DRR project), Andrew Seruma (TBC, Ministry of Water, 

Uganda), Kara Smith (North Carolina State University), Pascal Waniha, Tanzania Meteorology Agency (TMA)-
Tanazania, Richard Graham (UKMO, TBC), Gerson Fumbuka (EAC-LVBC, TBC), James Mungai (East African Community, TBC), John Morrison (University of Wilmington, TBC), 
Pius Yanda (University of Dar-es-Salaam), Francis Kirudde (Uganda, UMEME), Tate et al (UK, TBC), Yuh-Lang Lin (North Carolina A&T University), Solomon Bililign (North Carolina A&T 

University), Andrew Monaghan (UCAR-RAL, TBC), Mary Hayden (UCAR-RAL, TBC); Caroline Bain, UKMO-UK Marie-Ange Kigeme (TBC), Fredrick Mutua 
(University of Nairobi, Lake Victoria Hydrology, TBC), Ben Zaitchik (Hopkins University; TBC), Andrew Nyblade (Penn State University, TBC), Sandra Yuter (North Carolina State University, 
TBC), Bin Liu (North Carolina State University), Lynn Rose (Atmospheric Technology Services Company, Norman, OK; TBC); Ruben Barakiza (Institut Geographique du Burundi), Peter 
Ambenje (Kenya, Meteorology Department), Anthony Twahirwa (Rwanda Meteorological Service), Hamza Kabelwa (Tanzania Meteorological Agency), Ronald Wesonga (Uganda 
Meteorological Department), Karsten Steinhaeuser (University of Minnesota, TBC), Hans-Peter Plag (University of Nevada, TBC); Matt Rodell, NASA/GSFC GRACE, TBC), Raj Pandya 

(UCAR/NCAR, TBC); Elaine Laing (UCAR/NCAR, TBC); Laban Ogallo, Climate Prediction & Applications Centre 
(ICPAC)-Kenya; Margery Overton-(North Carolina State University, TBC), Sankar Arumugam (North Carolina State University; TBC), Patrick Mangheni (Research and 
Education Network for Uganda, RENUNet; TBC), Isaac Kasana  (RENUNet; TBC), Julianne Sansa-Otim (RENUNet, Maker ere University; TBC), Margaret Ngwira (UbuntuNet Alliance; TBC), 

Helen Houghton-Carr, CEH/NERC-UK; Chris Funk (USGS EROS/UCSB Geography, FEWSNet), Hassan Virji (START; TBC), African 

Association of Universities (AAU; TBC), TARNet (TBC), Tiwonge Msulira Banda (UbuntuNet-CHAIN; TBC), Felix Mutua, Jomo Kenyatta 
University of Agriculture and Technology-Kenya; Simon Maina Karume (UbuntuNet-CHAIN; TBC), Gonzalo Miguez-Macho 
(Universidade de Santiago de Compostela, Galicia, Spain; TBC), Helena Mitasova (North Carolina State University, USA; TBC; Peter Ojiambo (North Carolina State University, USA); Kerry 
Cook (University of Texas at Austin; TBC), Wassila Thiaw (NOAA Climate Prediction Center, National Centers for Environmental Prediction; TBC); Michael Nkalubo (Department of 
Meteorology, Uganda; TBC); Gideo Galu (FewsNET, Kenya; TBC); Sharon Nicholson (Florida State University, TBC; TBC), T. N. Krishnamurti (Florida State University, TBC), Wilfram Motif 
Ouma-Okia (UKMO; TBC); Patrick Luganda (Farmers Media Link Center, AMELI, Uganda); Joshua Zake (Environmental Alert , Uganda)’ Elfatih Eltahir (MIT), Fillipo Georgi (ICTP), Chris 

Thorncroft (State University of New York, University at Albany; TBC), Richard Washington (University of Oxford; TBC), Jim Wilson (NCAR; TBC), Rita Roberts, 
NCAR/UCAR-USA;, Alice Soares ( (WMO, INT; TBC), Peter Lamb (University of Oklahoma; TBC), Yong Wang (Central Institute for Meteorology and Geodynamics, 
Hohe Warte, Vienna, Austria; TBC), Michael Biggerstaff (University of Oklahoma; TBC), Lawrence Carey (University of Alabama, Huntsville; TBC), Belay Demoz (Howard University; TBC), 
Brian Golding (UK Met Office: TBC), Steven Goodman (NOAA; TBC), Yang Hong (University of Oklahoma; TBC), Kevin Knupp (University of Alabama, Huntsville; TBC), Karen Kosiba (Center 
for Severe Weather Research; TBC), William McCaul (USRA; TBC), David Parsons (University of Oklahoma; TBC), Ralph Petersen (U. of Wisconsin; TBC), James Pinto (NCAR; TBC), Yvette 
Richardson (Pennsylvania State University; TBC), Tammy M. Weckwerth (NCAR; TBC), Earle Williams (Massachusetts Institute of Technology; TBC), Josh Wurman (Center for Severe 

Weather Research; TBC), Sukaina Bharwani (weADAPT, United Kingdom; TBC), Rosalind Cornforth, University of Reading-
UK, GHP (Baltex, HyMex), Kamazima Lwiza (Stoney Brook University), Joseph Awange (Curtin University Australia) 
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HyNEWS Consortium 
 
 

- LVB-HyNEWS (Lake Victoria Basin - HydroClimate to Nowcasting for Early Warning Systems) 
- Formed to enhance the coordination, visibility and sustainability of HyVic, SWNDP (Severe Weather Nowcasting 

Development and Demonstration Project) and EAC NEWS (Navigation Early Warning System). 
- LVB HyNEWS Executive Council: Heads of NMHS, EAC/LVBC coordinator and AMCOMET Secretariat (invited 

observer).  
- LVB HyNEWS Task Force: Projects' PIs and five NMHS technical contacts act as a day-to-day coordinating 

team. 
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(Formed by the EAC Council of Ministers) – Regional Ownership 



HyVic Coordination (continued …) 
Institutional Coordination (Continental) 
 

- Africa Climate Research For Development Coordination Platform (CR4D); outcome from 
ACC2013 
 

46 
African Climate Conference – October, 2013 
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Summary of help sought from the GHP 
 
1. Funding to enhance activity in basic hydroclimate research 

2. Capacity development (training, research, facilitates) is a major 
limiting factor for climate services. (CCKE proposal is pending) 

3. Closer collaboration on energy and water budgets with HyMex 

4. Closer collaboration on decadal variability dominant modes of 
variability with HyMex 

5. Seek closer collaboration on cross-cutting initiatives (e.g 
mountain precipitation) 

6. Formation of HyVic RHP. 
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