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Rationals  for Parametric Coverage of Hydro - Power 
Energy Systems in Africa

IDRIMA Ь Integrated Disaster Risk Management Alliance
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What is IDRIMA ?
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What do we do ?  

The ambition is to combine financial 
tools and expertise in order to provide 
Sovereign, Sub - Sovereign and State 
Owned Utilities & Banks with 
coordinated analysis, advice and 
response to their protection needs, in 
particular in terms of :

·Climate risk assessment     

·Exposure mapping and 
quantification     

·Design of risk transfer instruments

·Long term economic model 
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What is IDRIMA ? 

A groundbreaking alliance 
between the AFD Group and the 
IDF to promote collaboration 
between the insurance industry 
and Development Finance 
Institutions in offering tailored 
and comprehensive risk 
management solutions agains t 
climate risks.

Why is IDRIMA structurally different ?
AFD maintains active lending 
relationships with clients across more 
than 115 countries, including finance 
ministries, utilities, municipalities, and 
public  banks. IDRIMA does not prospect 
for clients: it accompanies institutions with 
which AFD already has a trusted long -
standing relationship.  This means :

·Access to top management

·Non- sovereign  targeting with capacity 
to engage operationally

·Stong  link with the public policy dialog

·Leverage on lending portfolio .



Context 

A rising electricity demand expected to reach 1 180 TWh by 
2030 in the Sustainable Africa Scenario of IEA (vs 916 TWh 
in 2023 ; +29%)
·Demographic growth and urbanization

·Industrialization and increasing middle class

·Electrification 

Climate change stresses already fragile energy systems
·Today : 80% of firms, 60% of households in sub - Saharan 

Africa face regular unplanned outages. 

·Demand Side effect : Cooling Demand Spikes (430 added 
GW to peak electricity due to extreme heat events by 
2035)+ AC ownership expected to rise from 0.08 units by 
households to 0.25 in 2050 (IEA)

·Supply Side effect : Generation assets lose efficiency at 
high ambient temperature + energy assets are vulnerable 
to a wide array of climate hazards. 

Power Systems are increasingly under tension 
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National level of dependence to hydropower in a) % of the generation mix of 
2015 and b) in % of the GDP in 2022. Source: Cuppari et Al, 2026. 



Hydro - power: a baseload generation asset
highly depending on hydrologic conditions 
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Hydro - Power is at the basis of many African Power 
Systems
·17% of electricity generation on average

·> 80% for DRC, Ethiopia , Malawi, Mozambique, 
Uganda, and Zambia

·Also represents a substantial share of the GDP in 
several countries. 

Climate Impact on Hydro - Power Production
·Capacity factor drops : Between 9 and 10% in the 

Congo and Zambezi basins and 35% in Morrocco. 

·Increased variability and uncertainty : the frequency 
and severity of drought years is likely to grow. 

Variability of hydropower capacity factors in the Below 2 °C and Around 3 °C 
scenarios for 2020 - 2099. Source: IEA, 2022.



Hydro Revenue Protection to strengthen 
Resilience  again droughts / lack of rainfalls
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Hydrological risks translates into financial risks
·Drought, lack of rainfalls and Extreme heat often co - occur : output shortfall + cooling electricity 

demand peak => compound effect.

·Energy System level: hydro  Generation drop off + backup electricity from costlier sources 
(imports, thermal) => squeeze in utility revenues and increase costs of generation

·Financial level: Revenues drop off + debt obligation unchanged => solvency issue

·Fitch cited Zambia as vulnerable to a credit rating deterioration in the case of a drought

An economic case for risk transfer solutions 
·Insurance  substitutes a variable energy cost for households/ industries to a predictable 

premium stream .

·Insurance acts on residual risk and is complementary to adaptation and risk retention. 

·Importance of the policy dialog not only with insurance regulators but also energy regulators 
and energy commission on the impact of an hydro revenue protection on the energy tariffs.



Quantifying and Insuring Hydro - power Drought Risk  

Case Study: Costa Rica
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COSTA RICA
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ICE TIME LINE
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1884 Ь Inauguration of electric public lighting in San José and first hydroelectric plant 
(Aranjuez).

1949 Ь Creation of the Costa Rican Institute of Electricity (ICE) through Decree - Law No. 
449 to solve the electricity shortage; Only 14% of the country had access to electricity. 

1953 Ь ICE acquires electrical infrastructure from private companies (e.g. Saxe 
Company), initiating the state's expansion of the electrical system.

1960s Ь Expansion of the hydroelectric system as the basis of the national energy 
model.

1979 Ь Entry into operation of the Arenal Hydroelectric Plant, the largest energy project 
in the country at the time.

1990s Ь Beginning of the development of geothermal generation (use of volcanic 
steam), positioning Costa Rica as a benchmark. 

2000sЬ2010s Ь Diversification of the electricity matrix with wind and solar energy, 
maintaining a predominance of renewable energy.

2010Ь2016 Ь Development of the Reventazón  Hydroelectric Project, the largest 
hydroelectric project in Central America.
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Costa Rica Generation and Transmision  System
Diverse and sustainable
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Generation System

Transmission System



Costa Rica National Electric System
Diverse and sustainable
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Costa Rica Electric Power Mix
Diverse and sustainable
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85 % Renewable Generation 

(Hydro, Wind, Geothermal, Biomass and Solar)

Generation Type Total kW Percentage
Hydroelectric 2 341 970 64,6%

Thermoelectric 530 962 14,6%
Wind 402 335 11,1%

Geothermal 262 660 7,2%
Biomass (bagasse) 71 000 2,0%

Solar 15 487 0,4%
Total 3 624 414 100,0%

˧˦̟

15%

11%

7%

2% 0%

2025  INSTALLED ELECTRICITY GENERATION CAPACITY
COSTA RICA ELECTRIC SYSTEM (KW)

Hydroelectric Thermoelectric
Wind Geothermal
Biomass (bagasse) Solar



CR NES DISPATCH 
CRITERIA
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Priority to Renewables

Renewable power plants Эsuch as solar, wind, geothermal, and 
hydroelectric Эare dispatched first.

Cost Optimization

The goal is to use the lowest - cost available energy sources.

Thermal power plants (using fossil fuels) are dispatched only in 
emergency situations  or when renewable generation is insufficient.

Availability of Natural Resources

Dispatch depends on factors such as rainfall (hydropower) , wind 
conditions  (wind power), and volcanic activity (geothermal).

System Security

Technical aspects such as voltage stability, frequency, and transmission 
line capacity are taken into account.
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Costa Rica Climate Exposure
˸̖̟̖̣̥̠̟̒̚ ̡̝̟̟̟̘̒̚˫ ̝̟̖̓̒̒̔ ̨̖̥̖̖̟̓ ̡̡̤̦̝̪ ̟̒̕ ̖̞̟̒̕̕˟
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DOCSE División Operación y Control del Sistema Eléctrico 
Division of Operation and Control of the Electric System

A lack of capacity in the country: impact due to the high costs that 
imply a shortage for Costa Rican society.
 
Excessive investments increase the cost of energy and cause 
damage to the national economy as a whole. 

The accommodation of supply and demand is not achieved in the 
electricity markets due to the following particularities of this 
market: 

1. Large- scale energy storage is not possible: if there is a short -
term supply shortage, the system is at risk of collapsing, without 
discrimination of the characteristics of consumers.

2. Price elasticity is very low: price signals are not always enough 
to naturally restore equilibrium in the system.

3. Interruptions in the supply of electricity do not have a market 
character:   where interruptions in supply can be negotiated.

4. The risk of shortages is directly associated with the country's 
energy security.



Risk profile: Energy crisis 2023 Ь2024
Analysis of the hydrometeorological situation by the ICE
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Both rainfall and tributary flow presented historic levels of decline in the period from May 
2023 to May 2024. The analysis of 10 Hydroelectric Plants is shown, according to the greater 
intensity in the yellow color of each reading, the greater the decrease in rainfall and the 
affluent observed in the month.



Risk profile: Energy crisis 2023 Ь2024
Adverse hydroclimatological  conditions
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The four main ICE reservoirs: Arenal, Cachí, Pirris and 
Reventazon  with below - average levels as of the second half 
of 2023.



2023 - 2024 La Niña effect in Hydro Generation
˲̟̝̪̤̤̒̚ ̠̗ ̥̙̖ ̙̪̣̠̞̖̥̖̠̣̠̝̠̘̝̔̒̕̚ ̤̥̦̥̠̟̒̚̚ ̪̓ ̥̙̖ ˺˴˶
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Cachí Hydroelectric Plant Reservoir
May, 2024

ICE Group prepares electricity rationing plan due to low 
reservoir levels
Power cuts would be around two hours at most, according to ICE; schedules 
will be notified when the plan is applied

ICE and electricity distributors are in extraordinary 
meeting after announcement of rationing

ICE assures that the industrial sector, hospitals and main 
health centers will not be affected by the activation of the 
protocol due to low level of energy reserves



Risk profile: Energy crisis 2023 Ь2024
˴̝̞̥̖̒̚ ̙̟̘̖̔̒ ̟̒̕ ̟̣̖̤̖̔̒̚ ̖̝̖̥̣̥̪̔̔̚̚ ̖̞̟̒̕̕ 
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éAnother important factor to highlight is that, associated with the El Ni¶o 

phenomenon, the ambient temperature will be higher than normal for the rest 

of the year. In addition to this, it is very likely that by March and April 2024, 

maximum temperature records will be reported, which will inevitably cause 

an increase in electricity demand with a high probability. That does not include 

the increase in temperatures that is already occurring due to global warming. 

This latest phenomenon of global warming has established a sustained pattern 

of increase in temperatures in general, which has an impact on a greater 

use of air conditioning and ventilation equipment, which increases 

electricity demand, particularly during summeré

Generation Division, ICE Electricity Management, September 2023



Why climate risk transfer mechanisms?

Capacity deficit: available installed capacity is not 
sufficient to cover demand at a specific time (short 
duration, often occurring without warning and 
involving high cost).

Energy deficit: The amount of energy needed in a 
certain period of time exceeds the amount of energy 
available. Causes: there is not enough fuel supply, 
water resources from hydroelectric power plants are 
insufficient, reservoir levels are low or supply 
problems in regional interconnections (long 
duration and usually preceded by warnings to the 
population).

Economic impacts : capacity deficit vs. energy deficit

21

̨̠̖̣́ ̡̤̣̦̥̠̟̕̚̚ ̙̤̒ ̡̥̤̥̣̠̙̔̒̒̔̚ ̖̗̗̖̥̤̔ ̟̚ ̞̠̤̥ 
̣̖̤̒̒˫
·˺̟̗̠̣̞̥̠̟̒̚ ̟̒̕ ̥̖̝̖̠̞̞̦̟̥̠̟̤̔̔̒̚̚ 
̥̖̙̟̠̝̠̘̖̤̔̚

·˽̟̒̕˝ ̤̖̒ ̟̒̕ ̣̒̚ ̡̥̣̟̤̠̣̥̒ ̟̒̕ ̥̣̗̗̒̔̚

·̡̡̦̝̪̄ ̠̗ ̣̟̜̟̘̕̚̚ ̨̥̖̣̒ ̟̒̕ ̠̥̙̖̣ ̤̓̒̔̚ ̧̤̖̣̖̤̔̚

·˷̠̠̕ ̡̡̤̦̝̪ ̙̟̤̔̒̚

·˹̖̝̥̙̒ ̧̖̣̖̤̄̔̚

·˷̟̟̝̒̔̒̚̚ ̧̖̣̖̤̄̔̚˝ ˳̟̜̟̘̒̚ ˗ ˺̟̤̦̣̟̖̒̔

·̦̝́̓̔̚ ̞̟̤̥̣̥̠̟̒̒̕̚̚̚ ̟̒̕ ̦̥̙̠̣̥̖̤̒̚̚

·˺̟̦̤̥̣̝̒̕̚ ̡̣̠̖̤̤̖̤̔

·˳̦̤̟̖̤̤̚ ̖̥̠̣̤̄̔

·̖̤̖̟̥̝̃̒̚̕̚ ̤̖̥̠̣̔
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Why climate risk transfer mechanisms?

Operation of all the country's thermal resources

Power block leasing: For instance, ICE must leasing 
an operation service of power blocks for thermal 
generation with a total capacity of 146 MW  ́6 MW 
and for a term of 30 months to cover the summers 
of 2024 to 2026.

Regional imports: limited capacity of electrical 
interconnections causes a saturation of the lines, 
which may prevent increased transfers (e.g. in 
2023 Panama monopolized transmission capacity 
and left CR practically without access to 
purchases in the MER).

Impact on the rate to the end customer
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Why climate risk transfer mechanisms?
˴̡̧̠̞̣̖̙̖̟̤̖̚ ˺˴˶ ̤̜̃̚ ˾̟̘̖̞̖̟̥̒̒
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2024
2023

2015
2016



Why climate risk transfer mechanisms?
˴̡̧̠̞̣̖̙̖̟̤̖̚ ˺˴˶ ̤̜̃̚ ˾̟̘̖̞̖̟̥̒̒
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Vulnerability

Identifies the effects of climate 

change as a vulnerable risk
.

Risk and Sustainability

UN SDG 13 refers to climate action (taking urgent 

action to combat climate change and its effects), 

which considers the fulfillment of goals and 

indicators.

Environmentand Macro Trends

He frames climate change as a 

trend to highlight in the 

demographic transition, the social 

and economic effects.

Culture Public Integrity

The Accountability axis,

specifically in the Risk 

Management component, in 

order to strengthen the capture 

of events, vulnerabilities and 

threats most critical in the 

achievement of institutional 

objectives.

Comprehensive Risk Management



Why climate risk transfer mechanisms?
Comprehensive ICE Risk Management
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AFD- IDRIMA- ICE Partnership model
Agile approach : emphasizes iterative progress, flexibility, continuous 
feedback, and cross - functional collaboration
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Risk assessment
and reduction

Risk Transfer 
Analysis and 
Development

Financial Assurance Team: Gerencia Finanzas y Servicios Empresariales
Technical team for productive asset management : Gerencia Electricidad

Hydroclimatology team : Gerencia Electricidad Dirección Infraestructura y Servicios Asociados
Risk governance team : Presidencia Ejecutiva - Gerencia General



́̃̀˳˲˳˺˽˺̄̅˺˴ ˹̊˵̃̀˞˵ ̃̀̆˸˹̅ ˺˾́˲˴̅ 
˾̀˵˶˽

̋̆̃˺˴˹ ̃˶̄˺˽˺˶˿˴˶ ̄̀˽̆̅˺̀˿̄



Hydro - Drought Impact Model

Key objective
To built a data - driven model that quantifies how much hydropower ICE's portfolio loses when rainfall is low Э 
and how likely that is to happen at any given rainfall level.

What questions are we answering with the probabilistic model?
1. How strongly does rainfall drive power generation across ICE's 15 sites?

2. Which rainfall (or drought) indicator best predicts power loss at portfolio level?

3. How large is the expected portfolio power loss Э on average and in a bad year?

4. What is the probability of different loss levels at any given rainfall?

Objective and Framing
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Analytical approach: Site - level validation Ÿ Rainfall index selection Ÿ portfolio aggregation Ÿ Loss curve Ÿ probabilistic model



Hydro - Drought Impact Model

˺˵ ˷̄̆˾˾˺̅ ˣˡˣ˧ ˵̖̤̘̟̚˟ ˵̧̖̝̖̣̚˟ ̝̖̄̔̒˟ 29

Angostura, image: webuild.com Arenal, image: grupo  ICE

Run- of - river  plants : Power  production  shows  a  strong  
correlation  with  monthly  precipitation  and  inflow  data

Arenal's  reservoir  generates  more  power  during  dry  periods  by  
drawing  down  stored  water . This creates  an  inverse  relationship  
with  rainfall  Э the  opposite  of  run - of - river  plants .



Hydro - Drought Impact Model
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Angostura, image: webuild.com

To build a portfolio analysis, the critical question is whether low - rainfall months affect 
all sites simultaneously. 

Å Strong  rainfall  correlation  across  basins . 

Å Drought  conditions  tend  to  occur  simultaneously  
across  basins,  with  varying  intensity .

Å Reduced  power  generation  due  to  drought  in  one  
basin  cannot  be  compensated  by  others .



Hydro - Drought Impact Model
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Portfolio Power Generation and Diesel Backup Consumption.
˶̩̥̣̖̞̖ ̟ ̖̖ ̗̕ ̠ ̣̕ ̖̤̖̝̚ ̔ ̡̠̟̤̦̞̥̠̟̚ 
̧̣̖̟̕̚ ̓ ̪˫
Å ˽̒̔ ̜̠  ̗̣ ̟̗̝̝̒̒̚˟
Å ˽̠ ̨̨̥̖̣̒ ̧̝̖̖̝̤ ̚ ̟̥̙ ̖˲̣̖̟̝̒ 
̧̣̖̤̖̣̠̣̚˝ ̝̞̥̟̘̚̚̚ ̡̠̞̖̟̤̥̠̟̔̒̚ 
̡̥̪̔̒̒̔̚˟

Å ̖̈̒ ̨̜ ̟̚ ̔̕ ̠̟̥̠̟̤̕̚̚˟
Å ˺̟̣̖̤̖̔̒̕ ̖̝̖̥̣̥̪̔̔̚̚ ̖̞̟̒̕ ̕
̧̣̖̟̕̚ ̓  ̪̙ ̨̧̖̥̖̒̒ ̔ ̠̟̥̠̟̤̕̚̚ ̇ ̣̒̚ 
̠̟̥̠̟̟̘̔̕̚̚̚ ̦ ̤̖˚˟

Above - average  rainfall  avoids  
the  need  for  alternative  
generation  sources  such  as  
thermal  (diesel) .

Below - average  rainfall  triggers  
the  need  for  alternative  
generation  sources  such  as  
thermal  (diesel) .



Hydro - Drought Impact Model
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Expected portfolio power loss at each rainfall level: Model equation.

Blue (mean  expected  loss) : At typical  low -
rainfall  months  (~50  mm),  expected  
portfolio  loss  is ~16Ь18%

Red (95 th - percentile  /  worst - case,  1- in-
20- year) : At typical  low - rainfall  months  
(~50  mm),  worst - case  loss  reaches  ~30%

˲ ̤̘̞̠̝̒̚̚̕ ̧̦̣̖̔ ̤̚ ̗̥̥̖̚̕ ̡̤̖̣̥̖̝̪̒̒ ̥̠ ̥̙̖ ̞̖̟̒ ̟̒̕ ˪˦̥ ̙˞̡ ̖̣̖̟̥̝̖̔̚ ̝̠̤̤ ̖̤̥̞̥̖̤̒̚˟ ̠̘̖̥̙̖̣̅˝ ̥̙̖̤̖ ̨̥̠ ̧̦̣̖̤̔ ̖̗̟̖̕̚ ̥ ̙̖ 
̖̟̥̣̝̔̒ ̖̤̥̞̥̖̒̚ ̟̒̕ ̥̙̖ ̨̠̣̤̥˞̔ ̤̖̒ ̤̖̟̣̠̔̒̚ ̗̠̣ ̡̠̣̥̗̠̝̠̚ ̡̨̠̖̣ ̝̠̤̤ ̥̒ ̟̪̒ ̧̘̖̟̚ ̞̠̟̥̙̝̪ ̣̟̗̝̝̒̒̚ ̧̝̖̖̝˟

ὈὙὙ
ὥὰὴὬὥ

ρ ὩὼὴὦὩὸὥzὙ Ὣὥάάὥ



KEY FINDINGS
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Monthly average rainfall across the merged portfolio explains 
the dominant share of portfolio power variation.

The expected power loss curve is well - behaved and 
statistically robust 

While power shortfalls are common, severe shortfalls are rare 
(only 7.5% of months had losses exceeding 20%)

The dry season (December ЬApril) is the primary risk window Э 
and it is structurally asymmetric
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RECOMMENDATIONS

34

˵̧̡̖̖̝̠ ̡̣̞̖̥̣̒̒̔̚ ̟̤̦̣̟̖̒̔̚ ̤̠̝̦̥̠̟̚ ̥̙̥̒ ̧̠̖̣̤̔ ̤̙̠̣̥̗̝̝̤̒ 
̟̚ ̖̟̖̣̘̪ ̡̣̠̦̥̠̟̔̕̚ ̣̠̤̤̒̔ ̥̙̖ ̤̪̤̥̖̞ ̨ ̥̙̚ ̥̙̖ ̨̗̠̝̝̠̟̘̚ 
̠̟̤̖̣̥̠̟̤̔̒̚̕̚˫

Å˾̠̟̥̙̝̪ ̘̘̣̖̘̥̠̟̒̒̚ ̠̗ ̣̟̗̝̝̒̒̚ ̥̒ ̥̙̖ ̡̠̣̥̗̠̝̠̚ ̧̝̖̖̝ ̤̒ ̥̙̖ 
̥̣̘̘̖̣̚ ̞̖̥̣̔̚ ̥̠ ̣̖̗̝̖̥̔ ̧̠̖̣̝̝̒ ̤̪̤̥̖̞ ̧̖̙̠̦̣̓̒̚˟

Å̟̗̝̝̃̒̒̚ ̗̣̠̞ ̣̠̦̤̥̓ ̥̒̒̕ ̤̠̦̣̖̤̔
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PARAMETRIC INSURANCE SOLUTION

HOWDEN, AG&NATURE PARAMETRICS 



Parametric  drought  insurance  structures  designed  to  meet  ˺˴˶Я̤ drought  risk management  needs,  based  on  
̦̣̙̋̔̚Я̤ assessment  that  a  monthly  precipitation - based  product  is the  most  appropriate  solution .

The parametric analysis is built using 30 years of historical precipitation data (1996 Ь2025) from the CHIRPS V3 
dataset, a globally recognized gridded rainfall dataset. The parametric product is designed specifically to 
respond to meteorological drought conditions, defined as sustained deficits in precipitation, and does not directly 
cover secondary impacts such as yield loss or revenue shortfall.
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Howden, Ag&Nature  ̣̞̖̥̣́̒̒̔̚Я̤ drought 
product for ICE



Howden ̣̞̖̥̣́̒̒̔̚Я̤ approach:

Dataset: CHIRPS version 3, approx. 5*5 km gridcells
Aggregation: All 143 CHIRPS V3 gridcells  in the 
polygon to the spatial mean

Years: 1996 Ь 2025 (30 years)
Aggregate each month to the monthly sum, 
ignoring NaN

Howden Parametrics defined the following drought 
thresholds to develop a diverse set of drought 
parametric products, to reflect how remote or 
frequent a drought event must be before payouts 
are triggered

́˲̃˲˾˶̅̃˺˴ ́̃̀˵̆˴̅ ˵˶̄˺˸˿
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