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- Evidence of multi-decadal East African rainfall drought and its impacts
- Relationship Between AMO and the Onset of the Indian Summer Monsoon
- Motivation from computer science and climate science collaborative study on 
Atlantic hurricanes 
- Controversy Regarding Cause of the Multi-decadal Decline (Persistent Drought)

Expedition Research
- Relationship of Multi-Decadal Drought (MDD) with Global SST (GSST)
- AMO-Induced Teleconnections
- Integrated Conceptual Model of AMO Teleconnection Mechanisms

Conclusions
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Background



Lake Victoria Basin

• LVB is the social-economic nerve 
center for EA (Burundi, Rwanda, Kenya, 
Tanzania, Uganda) – 30 to 40 million

• Mainly rain fed agricultural economy 
with LV supplying fish as a major part of 
the diet

• Lake Victoria also provides 
hydroelectric energy and relatively 
inexpensive form of transportation

• Geopolitical significance of LVB as the 
source of the White Nile
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LVB is the social-economic center for EA (Burundi, Rwanda, Kenya, Tanzania, Uganda) – 30 to 40 million



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

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
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(David Rowell, 
UKMO, 2013)

Presenter
Presentation Notes
 Persistent past decline & projected reversal and increase Phenomenon known as the Eastern-Central African climate change paradox  Could have profound implications on LVB sustainable development for more than 35 - 40 million people 
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East African Drought (CRU Rainfall)

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

Also evident 
in regional 
lakes 
(Karpatne et 
al, 2015)
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EAC  Feasibility Study Recommendation to Create HyVic International Research 
Project under the Auspices of GEWEX/WCRP

High Level Science Questions

The primary scientific challenge therefore is to reduce the present high levels of 
uncertainty associated with the paradox problem to ascertain,

(i) whether indeed the reversal will occur, 

(ii) the timing of when it will materialize and 

(iii) whether these two factors will be determinable at acceptable levels of 
confidence to inform the management of the leading regional climate sectors. 

Coordination & policymakers: seamless flow of knowledge/information from the international level (GHP) 
level, to the regional level (HYNEWS), to the national level (NMHS), to the sub-national district level, to 
the county level, to the sub-county level, to the parish level and finally to the village level, which 
comprises only a handful of households

Tools: Hi-Resolution ReASM with comprehensive physics; New UKMO 4km resolution GCM
Observations: Regional observational campaign including lakes 
Users:  Primary climate sensitive social-economic sectors in Eastern Africa include agriculture, fisheries, 

water resources, tourism, energy, urban development, transportation, bio-diversity conservation, 
construction and disaster risk management.
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HyVic Project



CEOP         GHP

29Regional water cycles

Terrestrial Regional North American
Hydroclimate Experiment (TRACE)

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



H
 y

 V
 I 

C



May 2011 2012 2013 2014

HyVic Milestones

2015
11
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CSRP

CEH-UK AfClix

LVBC
U Liverpool

HyVic Network
NCAR/UCAR NSF Expedition

SWFDP

Curtin 
University
Australia

ICPAC-IGAD

GRACE

Presenter
Presentation Notes
HyVic will create a network of researchers, stakeholders and policymakers
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HyVic Research Agenda



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 Hydrologic Budget
HyVIC Research Theme-4: Climate variability and model development
HyVIC Research Theme-5: Observation of the Hydroclimatological System (Customized from GFCS)

Capacity Building

&

Education

HyVic International Coordination Panel

HyVic
Center of Excellence
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HyVic Greater Domain and Multi-Decadal drought

Anomalous MAM rainfall (from GPCP; mm/day) 
- (Lyon and DeWitt, 2012)

A recent and abrupt decline in the East African long rains



Major Controversy Regarding Cause of the Multi-
decadal Decline (Persistent Drought)

Williams and Funk (2011): Anthropogenic warming forced rapid 
warming of Indian Ocean SSTs; extended the warm pool and Walker 
circulation westward; resulting in a subsidence anomaly and drying over 
East Africa
• Lyon and DeWitt (2012):  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
• Lyon et al. (2014): More recently, have attributed the shift to natural 
multidecadal variability in the Pacific (modeling)
• Yang et al (2014): Modeling evidence in support of Lyon et al. (2013)
• Semazzi et al (2015; Nature Communications, in revision): 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 



Expedition Research
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Motivation from Computer Science and 
Climate Science Collaborative Study on 

Atlantic Hurricanes 
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Assessed correlation and contribution to the explained variance of Atlantic
hurricane count of the GHA hotspot with respect to traditional climate
indices in June.

GHA Hotspot Evaluation with
respect to traditional climate indices
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Genesis phase of AEW disturbances 
(Ethiopian Highlands?) 

A conceptual model of generation of cyclonic 
vorticity perturbations and convective cloud
clusters preceding the pre-Debby (2006)
AEW-MCS system. 30



Alps Generated 
Stationary Rossby
Wave Train in the 

Westerlies

Hypothesis



V-Wind anomalies at 500mb



Hypothesized Geopotential Anomalies at 500mb



Regional Multi-Decadal Variability
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MAM & May GPCC & CRU EOF1 Time series; GPCC & CRU regional Average
NOTE: (i) robustness, and (ii) LR multi-decadal decline.

Presenter
Presentation Notes
% Variance explained by listing the first 4 modes for May; �Key results: (i) robustness, and (ii) LR multi-decadal decline.The leading mode is highly representative of the total regional average rainfall for the season.   The decline is consistent with the seasonal decline, thus suggesting that the cessation might be significantly contributing to the seasonal decline. The question of the relative contribution is addressed later in the paper (see discussion section). Show in supplementary files that prior to 1950, like other studies have observed, the concensus breaks down.



EOF1 Loading for M, A, M & MAM
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Relationship of Multi-Decadal Drought 
(MDD) with Global SST (GSST)
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May AMO and East Africa Average Rainfall

Presenter
Presentation Notes
Considering the strong correlation between the EA rainfall and the SSTs over area used to compute the AMO index, we examine potential relationship further in Fig.???. It show a comparison of the EA averaged rain fall for May, the corresponding AMO index time series and SSTs averaged over box with the most significant correlation (see Fog.??? And ???). We observe a distinct opposite relationship where warm AMO phase corresponds to negative precipitation anomalies for the cessation of the Long Rains in May. This relationship is opposite to the connection found by Li et al (2008) between AMO and the Indian Summer Monsoon. These results also agree with Camberlin et al (????) who showed that early/late cessation for the Long Rains is strongly correlated with early/late onset of the Indian Summer Monsoon. However, they did not address the causality of the teleconnections. In the following sections we attempt to clarify the potential physical mechanisms responsible for this Afro-Indian connection of the monsoon rain seasons. There is indication (Fig,??? ) that the gradual background warming trend of the Atlantic SSTs may be related to a corresponding decline in the EA rainfall superimposed on the AMO-related multi-decadal oscillation. Introduce the natural variability here too!!!



AMO-Induced Teleconnections
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Semazzi et al; Nature Communication (2015, in revision)

May EOF1 (AMO-like)  geopotential at 300mb Composite 
(negative/positive AMO/EA rainfall)
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Semazzi et al; Nature Communication (2015, in revision)

May EOF1 (AMO-like)  geopotential at 300mb Composite 
(positive/negative AMO/EA rainfall)

Presenter
Presentation Notes
There are two major sources to the increased rainfall during the negative phase of AMO. First, the jet-like convergence  from the the Mediterranean ocean. Second, During the positive phase of AMO, we observe AMO-induced pressure gradient directed from the high pressure region  due to the constructive interference  of the poleward and equatorial wt (over Southern Asia and the maritime continent) and the depression centered over Saudi Arabia.   The resulting low-level westward flow across would contribute to enhanced moisture flux convergence over East Africa and contribute to the positive rainfall anomalies during the positive phase of AMO. In addition the corresponding upwelling (see figure) associated with southward low-level coastal flow could result in warmer SSTs, increased evaporation and further contribution to enhanced positive rainfall anomalies over ea during the negative phase of AMO. This second process could be compliment ally to the w and funk expansion of the warm pool. 



May Anomaly flow, 1951-2010 Composites
Wet Composite, 300mb Dry Composite, 300mb

Wet Composite, 850mb Dry Composite, 850mb

Presenter
Presentation Notes
Note the barotropic nature of the jetThe Somali-like flow is confined to the lower level 850mb.Show Michael's upwelling/downwelling plotsConvergence over Indian Ocean on low level velocity potential diagram in w and f?; due to pressure differential between short and long rwts; this could be another source of contribution to the eof1 rainfall. 



AMO Link Between Africa and Indo-Asia
Reversal of the Cross-Equatorial Low Level Flow

43AMO Affects Cessation of East African Long Rains and Onset of the Indian Monsoons

Upwelling

Negative AMO-300mb normalized gph Positive AMO-300mb normalized gph

downwelling
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EA domain rainfall EOF1 (AMO-like mode) vertical cross-sections 
composites  for the vertical motion

Low Rainfall

High Rainfall

Presenter
Presentation Notes
The region is also shown in the GHP figure covering the Rossby wave trainNote the opposite sign between the two figureEast Africa is circledAfrica continental outline shown in the background



Integrated Conceptual Model of AMO 
Teleconnection Mechanisms

45

Presenter
Presentation Notes
Need vivid discussion that closely links (in 3D) the EA area of maximum convergence and rainfall anomaly in Figs: 10, 11,13, 15, 16, 31Should address jet convergence, the presence of low over Saudi Arabia and Gills solution and other relevant dynamical processes.



Combined Contributions
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Conclusions
• We have tracked a path for the connection between 

the Atlantic Ocean and the multi-decadal variability 
of the long rains of east Africa including the ongoing 
decline.

• The analysis indicates high correlation between the 
May rainfall and North Atlantic SST which in turn is 
the Atlantic MO. 

• Composites of the geopotential based on these 
time series (AMO, NA SST, EA/May rainfall) reveals a 
distinct poleward and equatorward Rossby wave 
train as a primary teleconnections mechanism. 



Assessed correlation and contribution to the explained variance of Atlantic
hurricane count of the GHA hotspot with respect to traditional climate
indices in June.

GHA Hotspot Evaluation with
respect to traditional climate indices
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Funding
• Estimated target funding for 4 years: at least $50 Million

• Funding Status

(i) NERC-UK: Integrating Hydro-Climate Science into Policy Decisions 
for Climate-Resilient Infrastructure and Livelihoods in East Africa 
(HyCRISTAL) – £4 million ($3.38 million) awarded 

(ii) DFID-UK: Research to Understand and Improve Navigation Safety 
and the Exploitation of Climate-Sensitive Natural Resources over 
Lake Victoria Basin–£35m ($38 million) awarded (£19m for RDEL 
and £16m for CDEL) 

(iii) NSF-US – $1 million  (in preparation)
(iv) KOICA (South Korea) –$1.5 million  (in preparation)

Presenter
Presentation Notes
As illustrated here, SSDA directly assimilates large-scale flow from global models into the “green zone”, whereas traditional nesting approach only rely on the “yellow” sponge zone to connect the regional model interior to the outside domain.
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