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Grappling with Uncertainty




The Threat of Environment:
Emission Mitigatoin
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PARIS — AGREEMENT Headed to 3.5 Degrees
How do we get to 2.0 Degrees? — 2"9 Cycle

AFRICA & INDIA are key players in
reaching 2 degrees

How will the meet these goals i Other
Renewables — esp Hydro
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Electricitv and Economic Develobment

Electricity Consumption vs. GDP  2005-2010
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The Threat of
ENERGY POLICY
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The Realities

« There is no road to “development” that does not
greatly improve access to energy services.



The Realities

* Renewable Scenario for Africa projects that
the share of renewables in Africa can
increase from 17% in 2009 to 50% in 2030,

and nearly 75% by 2050.

* Total installed renewable capacity would
grow from 28 GW in 2010 to around 800
GW in 2050 with hydropower accounting
for 20% . An increase of 146 GW

those that were taken by already wealthy or
relatively wealthy, members of what we will call
the global consuming class”




POLICY RELAVANT RESEARCH
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Uncertain Runoff Impacts Africa’s Major River Basin
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Cooperation and good
neighborliness

Development and
utilization for economic
growth and prosperity

Sustainable and
ecologically sound
development and
utilization

Climate resilience

Public access for basic
needs and livelihoods

Capital mobilisation and
investment finance

To promote and facilitate regional cooperation and good
neighborliness.

To promote and facilitate equitable, safe and optimal development
and utilization of the resources of the Zambezi watercourse for
economic growth and prosperity.

To promote and facilitate sustainable and ecologically sound
development and utilization of the resources of the Zambeazi
watercourse

To promote and facilitate climate resilient infrastructure and
development to manage and reduce (in-vestment and societal) risk
and promote economic growth and prosperity.

To promote and facilitate public access to sufficient and safe water
supplies, and related essential services, for basic needs and
livelihoods

To promote and facilitate capital mobilization and in-vestment
finance.



Energy- Food Security Trade off

diraii -
cerwindl) hln:nr'luut::n \“s.]

4), 000 I
E ¥, (00
=
B SP P+ P
E [Se mari 05)
L O
% 5% P+ IP+Flood proted o +
=] Coord mated o ng WP P Chber p ot
g Gesricl ] ol [Senari o)
E &, 0

T e b i on
0,00 (% ermriod]]
Q.
[Sxmricd)
1, 00 I I I I
i 2 00 0 400, 00 B0, 000 N, (M) 1080 (40

Irngatedarea(havar)



W Nordic Development Fund m Projects [eJ««lelgdiy]

Home

Africa Climate Resilient Investment Facility (AFRI-
RES) [NDF C91]

29.03.2017

The AFRI-RES initiative aims to strengthen the capacity of African institutions
(including national governments, river basin organisations, regional economic
communities, power pools, and others) and private sector to plan, design, and
implement investments in selected sectors, so as to increase their resilience to
climate change.

Regional Africa .
Bridge construction. Often Africa Climate Resilient Investment Facility (AFRI-RES)
the life time of a bridge will Ref: NDF C91

be 50 years or more.
NDF Grant: EUR 5,000,000
Project Period: 2017-2020
Partner Agency: World Bank
Implementing Agency: African Climate Policy Centre (ACPC) and the World Bank

Objective

The overall objective of the initiative is to strengthen the capacity of African institutions
(including national governments, river basin organisations, regional economic
communities, power pools and others) and private sector to plan, design and implement
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Key Points:

= We estimate the influence of global
climate model uncertainty on
projected maize yield changes in
sub-Saharan Africa due to climate
change

- Five different GCM ensembles all
project yield losses in the Sahel
region and Southern Africa and
sub-regional increases in East Africa

= Irreducible internal variability is a
major cause of uncertainty in crop
model projections even out to 2090

Supporting Information:
« Supporting Information 51
« Data Set 51
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Climate model uncertainty in impact assessments for
agriculture: A multi-ensemble case study on maize in
sub-Saharan Africa

Amy Dale'?, Charles Fant', Kenneth Strzepek', Megan Lickley? and Susan Solomon'2"

1 Joint Program on the Science and Policy of Global Change, Massachusetts Institute of Technology, Cambridge,
Massachusetts, USA, 2Department of Earth, Atmospheric and Planetary Sciences, Massachusetts Institute of
Technology, Cambridge, Massachusetts, USA

Abstract we present maize production in sub-Saharan Africa as a case study in the exploration of how
uncertainties in global climate change, as reflected in projections from a range of climate model ensem-
bles, influence climate impact assessments for agriculture. The crop model AquaCrop-0S (Food and Agri-
culture Organization of the United Nations) was modified to run on a 2° x 2° grid and coupled to 122 cli-
mate model projections from multi-model ensembles for three emission scenarios (Coupled Model Inter-
comparison Project Phase 3 [CMIP3] SRES A1B and CMIP5 Representative Concentration Pathway [RCP]
scenarios 4.5 and 8.5) as well as two “within-model” ensembles (NCAR CCSM3 and ECHAMS5/MPI-OM)
designed to capture internal variability (i.e., uncertainty due to chaos in the climate system). In spite of
high uncertainty, most notably in the high-producing semi-arid zones, we observed robust regional and
sub-regional trends across all ensembles. In agreement with previous work, we project widespread yield
losses in the Sahel region and Southern Africa, resilience in Central Africa, and sub-regional increases in
East Africa and at the southern tip of the continent. Spatial patterns of yield losses corresponded with spa-
tial patterns of aridity increases, which were explicitly evaluated. Internal variability was a major source
of uncertainty in both within-model and between-model ensembles and explained the majority of the
spatial distribution of uncertainty in yield projections. Projected climate change impacts on maize pro-
duction in different regions and nations ranged from near-zero or positive (upper quartile estimates) to
substantially negative (lower quartile estimates), highlighting a need for risk management strategies that
are adaptive and robust to uncertainty.




MAIZE & WATER IN SUB-SAHARAN AFRICA (SSA)
UNDER CLIMATE CHANGE

Almost a quarter of the world’s malnourished
population lives in SSA

Maize (corn) is the most calorically important crop in
SSA and the most widely produced crop by
harvested areq. It is also drought-sensitive.

high reliance on rainfall rather than irrigation -
high sensitivity to future changes in precipitation
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OBJECTIVE

(1) Predict regional and natfional trends in maize
yields in sub-Saharan Africa under climate change

(2) |dentify the sources of uncertainty in global
climate models that drive uncertainty in predicted
climate change impacts
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coupled model of
soil water balance
and crop growth,

transpiration, and
senescence

daily time step

Plant stressors:
* water scarcity
e waterlogging
* heat/cold

* soil infertility

J

GLOBAL GRIDDED
DATA INPUTS




crop calendar algorithm
(planting/harvest dates)

ET, calculation
(Modified Hargreaves)

bias correction
(delta method)

5 CLIMATE MODEL ENSEMBLES: 122 POSSIBLE CLIMATE FUTURES

“between-model”
ensembles:

X models run once

I”

“within-mode
ensembles:

One model run x times

Uncertainty in the between-model

ensembles arises from differences in
predictions across climate models.
Uncertainty in the within-model

ensembles arises from

the chaotic nature of the

(&

(SRES A1B)
ECHAM only

CMIP3

x=17

C evips ) [ ecvips ) [ cmips
(RCP4.5) | |(SRES A1B) | | (RCP8.5)
\ x=23 y xX=22 \ x=20 )

CMIP3
(SRES A1B)
NCAR only
x =40 )




ﬂ RESULTS
MEDIAN PERCENT CHANGE IN CROP YIELD, 2010-2050

CM|P5 (RCP4 5) CM|P3 (SRES A1 B) CM|P5 (RCP8 5) [ ] Subst. but unknown
= 4 | ~ g [ Increase = 50%

-..u %

[ | Increase 25-50%
" ] Increase 0-25%
] No sig. change
Decrease 0-25%
|| Decrease 25-50%
I Decrease > 50%
B Not modeled

Many spatial trends were
robust across all five
ensembles (next slide)

Internal variability (chaos) was
a major source of uncertainty



RESULTS MEDIAN PERCENT CHANGE IN , 2010-2090

CP8.5)
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Spatial patterns were related to aridity zones



fraction of harvested area

1 RESULTS MEDIAN PERCENT CHANGE IN , 2010-2050
—) Negative impacts on maize yields
A.R'D'TY ZANES (orange) are highest in the semiarid

- ’:‘f';-' sta‘ =1

and humid zones (~80% of current
harvested maize areaq)

—) Uncertainty (white) increases as aridity
increases

arid

semiarid

| |Subst. but unknown
[ Increase 2 50%

| I Increase 25-50%

[ ]Increase 0-25%
[__INo sig. change

[ ]Decrease 0-25%
[ | Decrease 25-50%
I Decrease > 50%



’ RESULTS MEDIAN PERCENT CHANGE IN , 2010-2090

75%
af ma/ze current % change in production,

a/ . production 2010-2090 for RCP8.5
/ﬁ/"ﬂ C(&L‘/U/( (Mt)

Q1 median Q3

Southern 15 - -14 +

East 30 - -6 -

Saharan 3 - -5 +
Central 5 - -3 -

West 18 - -4 -

g South Africa A 14 - -23 +
Nigeria 11 - -2 -
Ethiopia 7 + 13 +
Tanzania 7 - -2 +
Kenya 4 - -2 +

Zambia 3 - -22 -
Uganda 3 - -1 +

L Ghana | 2 - -5 -

SSA, all 69 - -8 =



’ RESULTS MEDIAN PERCENT CHANGE IN , 2010-2090

current % change in production,
production 2010-2090 for RCP8.5

(Mt) Q1 median Q3
Southern 15 - -14 +
East 30 - -6 -
Saharan 3 - -5 I
Central 5 - -3 -
West 18 - -4 ,
South Africa 14 - -23 +
Nigeria 11 - -2 -
Ethiopia 7 + 13 +
Tanzania 7 - -2 + .
Kenya 4 ) 2 0 Impacts are especially
Zambia 3 _ 22 ) large in South Africa
Uganda 3 - -1 + and Zambia
Ghana 2 = -5 -

Ethiopia may see
SSA, all 69 - -8 - positive effects



1 RESULTS MEDIAN PERCENT CHANGE IN , 2010-2090

current % change in production,
production 2010-2090 for RCP8.5

(Mt) Ql median Q3
Southern 15 ) 14 . Uncertainty is high
East 30 - -6 -
Saharan 3 - -5 + Many
Central 5 ; -3 y regions/countries
West 18 ' 4 ' could experience
South Africa 14 - -23 + positive yield
Nigeria 11 - -2 - changes
Ethiopia 7 + 13 +
Tanzania 7 - -2 +
Kenya 4 - -2 +
Zambia 3 - -22 -
Uganda 3 - -1 +
Ghana 2 - -5 -

SSA, all 69 - -8 -
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Predicted maize yield changes due to climate change:

Resilience in Central Africa due to high rainfall
Widespread yield losses in Southern Africa & Sahel due to aridity increases

Sub-regional yield gains in East and Southern Africa due to increasing
rainfall (Horn of Africa) and increasing temperature (Ethiopian highlands,
southern tip)

Changes in T had a larger overall impact than changes in P (when
summed across SSA) because positive and negative regional P impacts
cancelled each other out. T effects were negative except in the two sub-
regions indicated

Spatial frends were in qualitative agreement with previous work

We need risk management strategies that are robust to uncertainty

Uncertainties in yield changes are large (potential for positive impacts in
many regions/nations)

Uncertainty increases with increasing aridity
Ireducible internal variability was a major source of uncertainty



Major Crops WITH CO2 effects

% change in
harvested area
weighted vield,
with CO, effects

[] not substantial
[ ] no agreement
B not modeled

B -100% to -80%

L] -60% to -40%
[] -40% to -20%
[] -20% to 0%
[] 0% to 20%
[] 20% to 40%
L] 40% to 60%
Bl 60% to 80%
Bl 80% to 100%
M > 100%

-80%to -60%



% change in
harvested area
weighted vyield,

without CO,

effects

[] not substantial

[ ] no agreement
B not modeled

-100% to -80%

-40% to -20%

-20% to 0%
[] 0% to 20%
] 20% to 40%
] 40% to 60%
B 60% to 80%
B 80% to 100%
M > 100%

|
L] -60% to -40%
[]
[]

-80%to -60%



% CHANGE IN IRRIGATION WATER REQUIREMENT

RCP8.5, 11—membe§er ensemble median
Change from baseline (1965-1999 average vs. 2015-2049 average)

] not substantial
[ ] no agreement
B not modeled
B < -20%

Bl -20% to -15%
L] -15% to -10%
[ ] -10% to -5%
[] -5% to 0%
[ ] 0% to 5%

L[] 5% to 10%

Bl 15% to 20%
B > 20%

“not
modeled” if
irrigated area
<1000

with CO, effects witﬁout CO, effects

B 10%1t015%



PERCENT CHANGE IN SRRgg !
(Supply Delivered / Supply Required) i
RCP8.5, 11-member ensemble medi
Change from baseline

Nile: 1955-1969 average vs. 20
Others: 1965-1999 average vs

_________________________________________________________________

[ no agreement
[ not substantial
B > 20%

[ 20t040% Irrigated Area (ha)
[ 10to20% o <1000

1 0to-20%
B 50 to -40% O 1,000 to 100,000
I < -40% () > 100,000
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D There appears to be sufficient undeveloped and reallocation of water to
meet the increased Irrigation demand

D There are negative impacts on Hydropower
D There are negative impacts on envriomental flows

» NEXT STEPS

D More uncertainty runs
D Evaluate the impacts on the other water sectors
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Types of Adaptation

Changes in length of growing

Changes in ecosystem composition

Wetland migration

Early-warning systems
y MRy Compensatory payments, subsidies

O

i New buildings codes,

'g : & Enforcement of building codes

[ design standards

_ . Reparation of protective structures
Incentivesfor relocation
Changes in farm practices

Purchase of insurances Changes in farm insurance

% Adjustmentof housing premiums

% conditions to extreme Purchase of air-conditioning
weather events (maladaptation)

Production of artificial snow
(maladaptation)
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