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$IULFD�GLɝFXOW�LV�DQ�XQGHUVWDWHPHQW��$QG�WKH�GLɝFXOW\�
has concrete consequences 
for economic well-being 
and public health. A 2018 
World Bank assessment of 
Zimbabwe’s irrigation sector 
showed that annual gross 
domestic product (GDP) is 
highly correlated with annual 
rainfall. Even under normal 
conditions, the correlation of 
economic productivity with 
rainfall makes development 
spotty and unreliable 
in poorer sub-Saharan 
countries. 

When disaster strikes, 
matters are worse. Countries 
like Zimbabwe have fewer 
resources to support the 
collection of high-resolution, 
longer-term datasets and 
have limited technical and 
institutional capacity to help 
them respond to water-
related disasters. What is 
more, poorer countries are 
disproportionately impacted 
by such disasters. If an 
essential purpose of water 
resources management is to translate variable hydrology 
LQWR�UHOLDEOH�EHQHȴWV�IRU�D�FRPPXQLW\��WKHQ�ZDWHU�
management in many sub-Saharan African countries has 
failed.

Climate change adds a new dimension of complexity 
to the problem. The challenge is not to develop better 
FOLPDWH�VFLHQFH�WRROV��3OHQW\�RI�HHFWLYH�WRROV�DUH�
available. It is, rather, to incorporate climate change into 
the planning process in a pragmatic, transparent, and 
MXVWLȴDEOH�ZD\��

3DUW�RI�WKH�GLɝFXOW\�OLHV�LQ�WKH�KD]LQHVV�RI�FXUUHQW�

predictions. As Johan Grijsen noted in a report for the 
World Bank��FOLPDWH�FKDQJH�UXQR�SURMHFWLRQV�YDU\�

wildly—from 20% increases to 20% decreases. This 
presents a challenge for planners and decision makers. 
How can we make informed decisions about a future 
that is so uncertain? Water resource managers working 
to develop resilient water utilities in sub-Saharan Africa 
DUH�SODQQLQJ�XQGHU�DGGLWLRQDO�SUHVVXUHV�DV�ZHOO��WKH\�
face an uncertain future, weak available data, a narrow 
time frame, and severe budgetary constraints. 

But there are ways forward. By piloting a bottom-up, 
community-oriented approach to planning for water 

The Iolanda Water Treatment Plant (IWTP) serves nearly 1 million residents in and around Lusaka, Zambia. Although 
the Millennium Challenge Corporation has helped address the plant’s chronic performance failures, future impacts of 
FOLPDWH�FKDQJH�ZLOO�UHTXLUH�IXUWKHU�LQYHVWPHQW��6RXUFH��3KRWR�E\�Chipili Chikamba, MCA-Zambia.

https://documents1.worldbank.org/curated/ar/525691552672839736/pdf/125979-REVISED-Final-Climate-AgReport-CGE-modeling-Dec-15-2018.pdf
https://documents1.worldbank.org/curated/ar/525691552672839736/pdf/125979-REVISED-Final-Climate-AgReport-CGE-modeling-Dec-15-2018.pdf
https://documents1.worldbank.org/curated/en/243651468010867538/pdf/879130ESW0P1140Box385106B00PUBLIC0.pdf
https://documents1.worldbank.org/curated/en/243651468010867538/pdf/879130ESW0P1140Box385106B00PUBLIC0.pdf
https://www.mcc.gov/blog/entry/blog-031419-planning-in-uncertainty
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infrastructure resilience, the Millennium Challenge 
Corporation (MCC) is taking this challenge head on.
Building Resilience from the Bottom Up

The MCC is a U.S. foreign assistance agency that 
provides grants to impoverished countries to build 
infrastructure and reduce poverty. For countries in 
Africa, where 490 million people live in extreme poverty, 
grants from organizations like the MCC are crucial 
for addressing the challenge of water management. 
The Iolanda Water Treatment Plant (IWTP) for the 
city of Lusaka, Zambia, is a prime example of MCC 
investments in action (Figure 1). The plant serves almost 
1 million residents. But over the years it has faced 
chronic performance failures driven by droughts and 
the condition of local water resources infrastructure. 

This has led to uneven service reliability, which dips to 
EHWZHHQ����DQG�����ZKHQ�WKH�GU\�VHDVRQ�HQGV�EHWZHHQ�
October and December. This, in turn, drives up the 
incidence of waterborne diseases because as water is 
rationed, communities turn to untreated alternative 
sources of water or they store water at the household 
level, where it is at higher risk of getting contaminated.

To address these infrastructural and public health 
issues, the MCC was asked to step in. The MCC’s project 
to rehabilitate IWTP pipelines, intakes, and facilities 
FRVW�DURXQG�������PLOOLRQ��(DUO\�UHWXUQV�RQ�WKLV�EDVHOLQH�
LQYHVWPHQW�ZHUH�FOHDU��WKH�0&&ȇV�HRUWV�LQFUHDVHG�
reliability to 90% and higher in critical months. 

But in addition to the challenges of today, the MCC 
began planning for an uncertain tomorrow. In particular, 
the MCC was interested in investments that would 

enhance the IWTP’s resilience to future drought impacts 
resulting from climate change. It would need to conduct 
a resilience study in only a few months, on a limited 
budget, with thin data. To do so, the MCC piloted the 
use of Climate Risk Informed Decision Analysis (CRIDA), 
a planning guide endorsed by the Intergovernmental 
Hydrology Programme (IHP) that brings together 
VFLHQWLȴF�PRGHOLQJ�DQG�WKH�LQSXW�RI�ORFDO�FRPPXQLWLHV�
to develop more resilient water systems in the face of 
climate change.

One the chief advantages of planning with CRIDA is 
its bottom-up approach. When beginning from a set of 
FOLPDWH�FKDQJH�SURMHFWLRQV��SODQQHUV�FDQ�TXLFNO\�ȴQG�
themselves overwhelmed by cascading uncertainties. 
&5Ζ'$�DOORZV�SODQQHUV�WR�VLGHVWHS�WKLV�GLɝFXOW\�E\�
beginning with the water-related issues that keep 
planners awake at night. Doing so, planners maximize 
the strategic value of less-than-certain climate change 
projections rather than being paralyzed by them.
Planning for Resilience, Step by Step

The MCC took full advantage of the CRIDA approach 
LQ�VXSSRUW�RI�WKH�Ζ:73��7KH�ȴYH�VWHSV�LW�XQGHUWRRN�
to enhance the resiliency of the plant and related 
LQIUDVWUXFWXUH�ZHUH�DV�IROORZV�
• Step 1—Decision context: The MCC worked with 

relevant stakeholders and decision makers to 
agree on performance thresholds that were then 
used to determine what issues should be targeted 
through investment. Together, the MCC and local 
community members determined that, for the 
IWTP, reliability of less than 90% represented an 
unacceptable failure. 

• Step 2—Bottom-up vulnerability assessment: 
Existing system models were used to evaluate 
performance under a broad range of plausible 
future stressors, include climate change. The 
models were stress tested with graduated 
combinations of incrementally more stressful inputs 
to identify combinations of stressors and shocks 
that would lead to failure. Inputs that caused 
failures were further investigated. The MCC’s stress 
tests revealed what is likely to be the primary 
source of performance failures under future 
FRQGLWLRQV��WKH�V\VWHPȇV�FDSDFLW\�WR�GHOLYHU�HQRXJK�
power to transport and treat water.  
   In addition to isolating the most likely cause of 
system failure, the stress tests allow planners to 
make a level-of-concern (LOC) analysis of the future 
state of the system and the risk of chronic failure. 
They can then determine if a baseline investment 
LV�VXɝFLHQW�RU�ZKHWKHU�DGGLWLRQDO��LQFUHPHQWDO�
investments will be necessary. For the IWTP, the 
LOC analysis resulted in a high risk rating due to 
the plant’s long history of catastrophic performance 

Figure 1. A conceptual schematic of the Iolanda Water Treatment Plant system. 
6RXUFH��$XWKRUV���

https://en.unesco.org/crida
https://rmets.onlinelibrary.wiley.com/doi/abs/10.1002/wea.543
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failures and the strong link between aridity (higher 
temperature or lower precipitation) and system 
failure. But the analysis was far from certain. Data 
ZHUH�SRRU�LQ�TXDOLW\��RQO\�IRXU�\HDUV�RI�VWUHDPȵRZ�
and meteorology data were available to calibrate 
systems models), unrepresentative (there were 
RQO\�WZR�JDXJHV�IRU��������VTXDUH�PLOHV�RXWVLGH�
the basin), and simplistic (only a monthly empirical 
water balance was given for a region with high 
hydrologic variability). As a result, the MCC favored 
an incremental and adaptable strategy for providing 
resilient, reliable power to support plant operations.

• Step 3—Plan formulation: To formulate plans for 
incremental investment, the MCC created “plan 
bins” (Figure 2). Each bin was associated with a 
unique narrative about plan plausibility and an 
implied level of risk tolerance. Plan bins combined 
uncertain sources of future stress such as 
demographic shifts and climate change scenarios. 
The plausibility assigned to each bin was based 
on the risk assessment in the LOC analysis and on 
discussions among experts and local stakeholders 
and decision makers.  
   In accordance with the acceptable reliability 

threshold, the bins for the IWTP included a cost-
HHFWLYH�SODQ�WR�HQVXUH�ZDWHU�VXSSO\�UHOLDELOLW\�RI�
90%. Since every bin represents an incrementally 
more stressful future, the plan of action for each 
bin is correspondingly more robust or adaptable. 
)RU�WKH�Ζ:73��WKUHH�SODQV�ZHUH�FRQVLGHUHG������
creation of a dedicated power source from the 
Kafue hydropower station; (2) installation of 
additional water storage through enhancement 
of existing reservoir capacity and construction of 
DGGLWLRQDO�VWRUDJH�WDQNV�LQ�/XVDND��DQG�����SURYLVLRQ�
of power generation capacity to supplement losses 
in hydropower during periods of extreme drought. 
)RU�WKH�Ζ:73��WKH�PRVW�FRVW�HHFWLYH�DQG�SUDFWLFDO�
option was the installation of a power generator to 
supplement shortfalls from the Kafue hydropower 
station. 

• Step 4—Plan selection: While we know the planet 
LV�JURZLQJ�KRWWHU��LW�LV�QRW�SRVVLEOH�WR�FRQȴGHQWO\�
assign probabilities to the precise climatic 
conditions that will result from climate change. As a 
UHVXOW��LW�LV�GLɝFXOW�WR�FOHDUO\�HVWDEOLVK�WKH�EHQHȴWV�
DQG�FRVWV�RI�DQ\�VLQJOH�ULVN�PLWLJDWLRQ�HRUW��7R�
cope with this limitation, the MCC used a semi-

quantitative incremental 
FRVW�DQG�EHQHȴW�
assessment (ICA) for 
plan selection decisions. 
The use of ICA allows all 
parties to examine the 
added costs associated 
with each incrementally 
more stressful planning 
bin (see Figure 2). This 
provides a pragmatic risk-
informed framework to 
evaluate the incremental 
costs of added robustness.
 Using this method, the 
MCC’s study determined 
that a 1,400 kW generator 
ZRXOG�EH�D�FRVW�HHFWLYH�
investment to enhance 
the resilience of the power 
supply to the IWTP. The 
study also considered a 
2,100 kW generator. But 
while the larger generator 
would produce more 
power for the plant, the 
increase in avoided losses 
of water service would 
QRW�XOWLPDWHO\�RVHW�WKH�
generator’s higher cost.

)LJXUH����$YHUDJH�SRZHU�GHȴFLWV�IRU�ZDWHU�WUHDWPHQW�DV�D�SHUFHQWDJH�UHGXFWLRQ�UHODWLYH�WR�WKH�EDVHOLQH�YHUVXV�SURMHFWHG�
DQQXDO�SUHFLSLWDWLRQ�UHGXFWLRQ��3RZHU�GHȴFLWV�DUH�EDVHG�RQ�PHHWLQJ�ZDWHU�GHPDQG�GXULQJ�FULWLFDO�GU\�PRQWKV�ZLWK�D�����
reliability. The loss in performance is simulated by changing the historical input hydrology to more stressful conditions. 
$�K\GURORJ\�V\VWHP�PRGHO��LQ�([FHO��LV�VWUHVVHG�E\�FKDQJLQJ�WKH�VWUHDPȵRZ�WLPH�VHULHV�LQWR�WKH�ΖWH]KL�7H]KL�DQG�.DIXH�
reservoirs. Reductions in seasonal rainfall totals, increases in temperature, or higher rainfall variability lead to lower 
VWUHDPȵRZ��RU�ORQJHU�GURXJKW�SHULRGV���ORZHU�SRWHQWLDO�IRU�K\GURSRZHU�JHQHUDWLRQ��DQG�GHȴFLWV�LQ�WKH�HQHUJ\�UHTXLUHG�
IRU�ZDWHU�WUHDWPHQW��(DFK�RI�WKH����GRWV�UHSUHVHQWV�D�V\QWKHWLF����\HDU�VWUHDPȵRZ�WLPH�VHULHV�WKDW�LV�GHYHORSHG�E\�
reorganizing and modifying existing hydrology data (“bootstrap” method) based on the seasonal temperature and 
precipitation shifts of IPCC GCM projections with the CO2 emission scenarios they represent (a select few are labeled). 
7KH�PRVW�FRVW�HHFWLYH�DQG�IHDVLEOH�SODQ�LV�IRUPXODWHG�IRU�HDFK�RI�WKH�ȊSODQQLQJ�ELQVȋ��$��EDVHOLQH���%��PRGHUDWH���
and C (extreme). Each plan must ensure that the design performance is achieved despite the increased stress in their 
ELQ��7KH�QXPEHU�RI�SODQQLQJ�ELQV�UHVXOWV�IURP�D�FROODERUDWLYH�SURFHVV�ZLWK�GHFLVLRQ�PDNHUV�DQG�FDQ�FRQWDLQ�GLHUHQW�
combinations of stressors—both climatic (such as rainfall variability or drought persistence) and nonclimatic (such as 
maintenance and labor force disruptions)—that lead to chronic failed performance.

https://www.iwr.usace.army.mil/Portals/70/docs/iwrreports/94-PS-2.pdf
https://www.iwr.usace.army.mil/Portals/70/docs/iwrreports/94-PS-2.pdf
https://www.iwr.usace.army.mil/Portals/70/docs/iwrreports/94-PS-2.pdf
https://www.ipcc-data.org/syn/tar_scatter/index.html
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• Step 5—Institutionalizing the resilience plan: 
Decisions are usually dominated by political, social, 
and institutional considerations. In this case, owing 
WR�RWKHU�ȴQDQFLDO�SULRULWLHV��IXOO�IXQGLQJ�FRXOG�QRW�
LPPHGLDWHO\�EH�LGHQWLȴHG��DQG�RSWLRQV�IRU�IXWXUH�
adaptation had to be available in the short term 
because of poor institutional capacity to adapt. 
In the case of the IWTP, it was not possible to 
LPPHGLDWHO\�ȴQDQFH�D�������N:�JHQHUDWRU��ΖW�ZDV��
however, possible in the near term to justify a 
generator housing at an added cost of $20,000 to 
provide adaptive capacity for a 1,400 KW generator. 
The ICA approach also provides a framework 
WR�LQVWLWXWLRQDOL]H�ȴQDQFH��(DFK�LQFUHPHQW�IRU�
UREXVWQHVV�FDQ�EH�ȴQDQFHG�E\�D�GLHUHQW�VRXUFH�

Low-income countries need support to develop 
more resilient water management systems in the face 
of climate change. Even where the will to solve these 
problems exists, however, thorny strategic challenges 
remain. Planners are often short on time, low on 
cash, and working with weak data. Additionally, the 
staggering range of possible scenarios makes evaluating 
WKH�ȴWQHVV�RI�D�JLYHQ�SODQ�H[WUHPHO\�GLɝFXOW��7KH�0&&�
used the CRIDA approach to clear away the fog of 
uncertainty, assess the relevant risks, and develop an 
HHFWLYH�UHVLOLHQF\�SODQ�IRU�WKH�Ζ:73ȃDOO�GHVSLWH�SRRU�
data and a short time frame.  !
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