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IDRIMA b Integrated Disaster Risk Management Alliance

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

Céline Boulay

Agence Francaise de
Développement (AFD)

Project Coordinator
IDRIMA
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" IDRIMA ex & INSURANCE
What is IDRIMA ? O PECAATED iseTER |>f PORORT ENT

An AFD Groupe - IDF Partnership

What is IDRIMA ? What do we do ? Why is IDRIMA structurally different ?
A groundbreaking alliance The ambition is to combine financial AFD maintains  active lending

between the AFD Group and the tools and expertise in orderto provide relationships with clients across more
IDFto promote collaboration Sovereign, Sub - Sovereign and State than 115 countries, including finance
between the insurance industry Owned Utilities & Banks  with ministries, utilities, municipalities, and

and Development Finance coordinated analysis, advice and public banks. IDRIMA does not prospect
Institutions in offering tailored response to their protection needs, in for clients: it accompanies institutions with
and comprehensive risk particular in terms of : which AFD already has a trusted long -

management solutions agains t standing relationship. This means

. Climate risk assessment

climate risks. , . Access to top management
. Exposure mapping and

quantification - Non-sovereign targeting with capacity

: . . to engage operationall
- Design of risk transfer instruments Jgage op y

. Stong link with the public policy dialo
- Long term economic model 9 P policy g

- Leverage on lending portfolio

IDF SUMMIT 2026 Design. Deliver. Scale. 5
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INTEGRATED DISASTER RISK I DEVEI-OPMENT

MANAGEMENT ALLIANCE
An AFD Groupe - IDF Partnership

Context

Power Systems are increasingly under tension

A rising electricity demand expected to reach 1 180 TWh by - 0

2030 in the Sustainable Africa Scenario of IEA (vs 916 TWh =T B

in 2023 ; +29%) 2 ) g

R 3

. Demographic growth and urbanization e g

- Industrialization and increasing middle class - %

- Electrification / © 3

A ¢ .

Climate change stresses already fragile energy systems - s

- Today : 80% of firms, 60% of households in sub - Saharan sl f N u;%

Africa face regular unplanned outages. heis o 0 §

S g &

- Demand Side effect : Cooling Demand Spikes (430 added S -

GW to peak electricity due to extreme heat events by “.. P |

2035)+ AC ownership expected to rise from 0.08 units by . 2 g
households to 0.25 in 2050 (IEA) R

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

IDF SUMMIT 2026 Design. Deliver. Scale. 6
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Hydro - power: a baseload generation asset o 'DR'MA 1) % EEiEicPhient
highly depending on hydrologic conditions

Hydro - Power is at the basis of many African Power

Systems
130%

- 17%of electricity generation on average o0

- > 80%for DRC, Ethiopia , Malawi, Mozambique, i
90% | l '
|
”

—_ =
o =
Oooo
=S =

Uganda, and Zambia
'

- Also represents a substantial share of the GDPin
several countries.

80%

70%

Hydropower capacity factor
(relative to the baseline, %)

Climate Impact on Hydro - Power Production 60%
. Capacity factor drops : Between 9 and 10% in the o

Congo and Zambezi basins and 35% in Morrocco. B
. Increased variability and uncertainty ~ : the frequency O SelowCstenar ¢ Around 3 Cacenar

and severity of drought years is likely to grow. | . | IEA,Alrigtseseved

IDF SUMMIT 2026 Design. Deliver. Scale. 7



Hydro Revenue Protection to strengthen O IDRIME 1) 2B
Resilience again droughts / lack of rainfalls

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.

IDF SUMMIT 2026 Design. Deliver. Scale. 8
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INTEGRATED DISASTER RISK I DEVEI-OPMENT

MANAGEMENT ALLIANCE
An AFD Groupe - IDF Partnership

Case Study: Costa Rica
Quantifying and Insuring Hydro - power Drought Risk

W |

Luis Ricardo Urefia Urena Hugo Hernandez Barquero Pablo Caffarena Kanika Anand
Insurance and Asset Risk linsurance and Asset Risk Global Climate Risk Divisional Director,
Coordinator - ICE Analyst - ICE Assessment Site Agriculture and Nature
Specialist - Zurich Parametrics - Howden

Instituto Costarricense de Electricidad o
Gerencia de Finanzas y Servicios Empresariales - Resilience
Proceso Aseguramiento Yy Riesgo Patrimonial (PARP)

IDF SUMMIT 2026 Design. Deliver. Scale. 9
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I

-

ICE TIME LINE PV

1884 b Inauguration of electric public lighting in San José and first hydroelectric plant
(Aranjuez).

1949 b 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 b ICE acquires electrical infrastructure from private companies (e.g. Saxe
Company), initiating the state's expansion of the electrical system.

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

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

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

2000s b2010s b Diversification of the electricity matrix with wind and solar energy,
maintaining a predominance of renewable energy.

2010b2016 b Development of the  Reventazén Hydroelectric Project, the largest
hydroelectric project in Central America.

11



oy ¢ INSURANCE
I DEVELOPMENT
# FORUM

Costa Rica Generation and

Diverse and sustainable

Transmision System

Generation System — e ——

NICARAGUA

Los Chiles COSTA RICA
Lineas de Transmisién

y Subestaciones

Isia Calero.

GEikn
oros! Papagayo 2025
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Simbologia
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Sistema de Transmisién
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e
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1
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Costa Rica National Electric System IDRIMA 128

An AFD Groupe - IDF Partnership

Diverse and sustainable

Potencia Activa NG : 1,099,417kW 7" Resumenpor [ravatles 1yl Geotérmica
Potencia Reactiva NG : -46,270 kVAR ‘ tecnologia | 0 ) Plotal : 181,644 kW
*Potencia F"o Agua H 456,506 kW ‘ 916,170.3 kW urou2 N Pr30253KkW

\
\
Miravalles lll
‘ P 51TKW LA P:;;?;ﬁ;ke\l\?
FP:0.06
‘ 181,543.8 kW ‘
\
\
\

‘ Potencia Geo

Generacion Privada Total : 343,810 kW
Total DG y Privado : 1,443,226 kW

Potencia Edlica

i H ‘ Tejona Grupo 1 u1 Pailas Il p— Boca Pozo
Frecuencia General : 60.02 Hz 2.372.3 kW e e, P s
D [ FP:1.01 k FP:0.89
- — ! Potencia Térmica FP-019 o= i N
. Macho, Garta, Venta Ultima Actualizacion | . . .
o s e plones . -1,055.1 kW
Tor0, 2,3, Carib,  Blancas y Angost. 2/6/2026 12:08:39.000 PM nemsmssdesadiaaaaaaaan Tejora brapo 2 . -
w8 4‘ L Ut
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P 164215 kW '
v P o

FP:0 FP:078 ..... . Angostura
P - 100,341 kW
000 L 1) e [ e 99 10 ®
”' i P'1‘:2§:7kw ’E 53,421 kKW P B4k ... Cariblanco Firris
’ ‘ FP-068 4 f‘FF 096 .... wowe us ff‘ P 41,683 kW . B
_ FP-051 FP 016
Reventazén =
[ [ O] ®® R 3 de Junio del 2026, 12:45
oo Sandillal e Toro 11l s ‘-‘- U4La Joya "‘ :P‘Es;fﬁkw 9. - El General Ul uz .GEﬂtélTni['.D' 155 Eg MW
T - = P 45,566 kw Y ’ - -
0 e Y @000 [ e BEoico: 195.37 MW
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e ur__ U2 e com1_comz 4 | |File-ICE: 423.16 MW
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=
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Costa Rica Electric Power Mix

Diverse and sustainable
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Geothermal | 262660 7,2% ;

Biomass (bagasse 71 000 2,0%
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IDRIMA -
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INTEGRATED DISASTER RISK
MANAGEMENT ALLIANCE

An AFD Groupe - IDF Partnership

CR NES DISPATCH
CRITERIA

Priority to Renewables

Renewable power plants 3such as solar, wind, geothermal, and
hydroelectric 3are 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

INSURANCE
DEVELOPMENT
FORUM

Technical aspects such as  voltage stability, frequency, and transmission

line capacity are taken into account.
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Costa Rica Climate Exposure IDRIMA 1) Bsionsewr

An AFD Groupe - IDF Partnership

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 - \ A ‘
term supply shortage, the system is at risk of collapsing, without = CEEEEEEE s a S thE " o S ¢ NS
discrimination of the characteristics of consumers. , e — — --J"“'"‘J‘,L‘:““"“_“_'-_'—"'-'-lL
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. DOCSE Divisién Operacién y Control del Sistema Eléctrico

4. The risk of shortages is directly associated with the country's Division of Operation and Control of the Electric System

energy security.

IDF SUMMIT 2026 Design. Deliver. Scale.




Risk profile: Energy crisis 2023 b2024

Analysis of the hydrometeorological situation by the ICE

Lluvia media mensual el 15

Porcentajes de variacion con respecte al promedio histérico

[ | | | I | | | [ I |
may 2023 “s1% 1% “sex 60% 2% 3% 6% aa% 6% E
% 0% 1% -13% 0% 2% 9% % s6% 0%
I 26% a% 36% 22% 2% 10%
8% 11% a2% 3% L ek 4% 8%
% 9% 5% 28% 14% 6% 16% -29% -38%
3 -17% 2% 1%
13% -10% 32% 18% Ice 7
= : e Caudal afluente mensual
53% a6% 7% 2% 7% 3%
21 EE s e s 5% Porcentajes de variacién con respecto al promedio histérico
15% % 9% -68% 7% 8%
pt 20 10%
- =5 I I I I T I T I T
o5 porcentajes de mayo 2024 se basan en los %4 5o a7 s 9 sa% 1 s1n 52w s
\\\\\\\ am 104 am s (e 2% % so%
BT 19% 3a% 28% 22% 2% 2% % B3
0% 5% am ™ a0% asw 0% 2w 5%
6% - 0% 2% 1% se% 1% 1% g%
nnnnnn 0% DO e 1% 2% 0% 2%
Gerencia Electricidad = = = = - — — T —
3o s % 2% ae% 29% w 2% %
s 2% s e e s % 0% %
— 024 T ™ s am am 8% 0% % 1%
s N s 0% 4% 3% un 2on (SN
000t a am o e % as%
mmmmmmm s SN o~ 54 som 0% am 5%
* Los parcentajes de mayo, 2024 se basan en los primeros 26 di

CBIweo

INTEGRATED DISASTER RISK I DEVEI-OPMENT
MANAGEMENT ALLIANCE
An AFD Groupe - IDF Partnership

IDRIMA ‘)’INSURANCE

Déficit de lluvias pronosticado para Costa Rica,
octubre-diciembre

Zona
Pacifico Pacifico Pacifico Valle Caribe Caribe Qriental

Norte  Central Sur Central  Norte Sur Norte

Pronéstico del Instituto Meteorologico Nacional para el ultimo trimestre 2023

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.

IDF SUMMIT 2026 Design. Deliver. Scale.




MANAGEMENT ALLIANCE
An AFD Groupe - IDF Partnership

Risk profile: Energy crisis 2023  b2024 ol D T4
Adverse hydroclimatological conditions

on Diaria delNivel del Embal ¥
La franja central representa los niveles maximo y minimo

548
— 544 16-ago-23
s E Nivel (msnm):
ln “ntlnn Ultimas noticias Suscriptores El Pais Politica Puro Deporte Economia Sucesos ElExplicador Opinién Viva ElMundo 8 Ingresar E e 533.73
. . . g 536 P
. === Promedio
Editorial: Laguna del Arenal sigue seca oo
528
La imprevision mantiene al pais cuesta abajo por la pendiente de la generacion térmica cara, contaminante y contraria a la Ene  Feb Mar Abr May Jun  Jul Ago Set Oct  Nav  Dic
marca conservacionista cultivada durante décadas Figura Ne 1 - Variacion diaria dei nivel dei embaise Arenal 2022-2023
Variacion Diaria deiNivel del Embalse Cachi
La franja central representalos niveles maximoy minimo.
Por Consejo Editorial de La Nacién
- 16-ago-23
04 de noviembre 2024, 09:30 p. m ] Nivel (msnm):
E 981.14
2 — 2023
=
== Promedio
2022
970 i
Ene Feb Mar Abr May Jun Jul Ago Set Oct Nov Dic
Figura N 2 - Variacion diaria dei nivel dei embaise Cachi 2022-2023
Diaria del Nivel cel
La franja central niveles minime
1210 4
= 1200 1 16-ago-23
g 1190 Nivel (msnm):
£ 1ieo | 1168.17
2 1 | — 2023
== Promedio
s 2022

150 - ! ) !
Ene Feb Mar Abe Msy Jun ful Aga  Set Ot Nov Dic

Figura N° 3 - Variacion diaria dei nivel del embaise Pirris 2022-2023

La medicién estd mds de un metro debajo del promedio de los 1iltimos 17 afios. Foto: Archivo.

Variacién Diaria del Nivel del Embalse Reventazon
La franja central representa los niveles maximo y minimo

The four main ICE reservoirs: Arenal, Cachi, Pirris and

Reventazon with below - average levels as of the second half W mr

o — 2023
=~ Promedio
of 2023 | ——s

235
Ene Feb Mar Abr  May Jun Jul  Ago Set Oct Nov Dic

Nivel {msnm)
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Cachi 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

IDF SUMMIT 2026 Design. Deliver. Scale.

COMUNICADO DE PRENSA

Grupo ICE activa protocolo por bajo nivel
de reservas energéticas nacionales

En cumplimiento a la normativa estipulada por ARESEP.
se fan con todas las

distr del pais.

Sector industrial, clientes de alta tensién, hospitales y principales centros de salud no seran afectados.
6 de mayo de 2024

Grupo ICE activé el Procedimiento para la Coordinacion de Racionamiento Eléctrico, segun lo dispuesto por
ARESEP, debido a la caida en los niveles de reserva energética del Sistema Eléctrico Nacional (SEN).

Este aviso forma parte del protocolo estipulado ante una posible insuficiencia de recursos para atender la demanda
eléctrica nacional, de acuerdo con lo determinado por el Plan Nacional de Racionamiento (PNR) y la norma técnica
de Planeacion, Operacidn y Acceso al Sistema Eléctrico Nacional (POASEN).

La eventual 1 del F de la evolucion de los recursos para generar energia y serd
determinada por la Division de Operacidn y Control del Sistema Eléctrico (DOCSE, del ICE). como operador del sis-
tema, en apego al PNR y a la norma POASEN

Como se ha informado, los efectos del actual fendmeno de El Nifio son extremos y causaron un descenso critico en
los caudales de las hidroeléctricas del istmo centroamericano, incluyendo Costa Rica. El agotamiento de las reser-

vas nacionales se aceler6 ante el incumplimiento de los proveedores de las plantas térmicas que Grupo ICE alquilé
para la época seca

En su rol de proveedor principal de electricidad del pais, Grupo ICE asegura al sector industrial y a los clientes de
alta tensién, asi como a los hospitales y los principales centros de salud que contaran con servicio continuo y no
serén afectados por esta eventual medida.

La Corporacién mantendré la comunicacién oportuna sobre el avance de esta condicion. Cada distribuidora tiene la
obligacién de informar cudles circuitos de su area de concesion saldrian de operacion -segun la potencia que el
SEN deba sacar de linea-, asi como de publicar los horarios en que se aplicaria la medida.

“Estamos cumpliendo las acciones que lar indica. Toda la nacional disponible esta en opera-
cion, y el escenario es similar en los paises del Mercado Eléctrico Regional (MER), por lo que la importacién esta
practicamente suspendida”, indicé Roberto Quirds, gerente de Electricidad del ICE

Agrego que “hemos llevado a cabo todos los esfuerzos necesarios para evitar esta condicion; sin embargo, los ni-
veles de lluvia y de viento se redujeron a cifras que no hemos registrado antes, Como es nuestra responsabilidad,
estamos desarrollando un plan estratégico, operativo y de comunicacion con todos los actores del Sistema”

En las siguientes dos semanas, y segun los prondsticos del Instituto Meteorolégico Nacional (IMN) y del mismo
Grupo ICE, se presentara una ausencia mas marcada de los vientos, mientras que las lluvias apenas comenzaran a
ingresar a los embalses, condiciones que incidiran directamente en la produccién de electricidad. Esta inestabilidad
es propia de la transicién a la época lluviosa




IDRIMA ‘)’INSURANCE

Risk profi le: Energy crisis 2023 b2024 neeeoosstenns | J) gp PENERGPMENT
An AFD Groupe - IDF Partnership
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= CMLatinoamérica Peri Chile Ecuador CostaRica Brasil Guatemala Bolivia Cuba Repiblica Dominicana Més

@€ Anot her important factor to highlight is that, associated with the_ EI Ni fo
phenomenon, the ambient temperature will be higher than normal for the rest Costa Rica anuncia racionamiento eléctrico por
of the year. In addition to this, it is very likely that by March and April 2024, la sequia

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

Ventas totales de Costa Rica por mes {GWh)
2021- 2023

Corte de energia slectrica en San Joes, en una imagen de archivo AFP via Getty Images

(CNN Espaiiol) - Costa Rica implementara el racionamiento eléctrico con cortes de hasta
tres horas por cliente de lunes a viernes, segun anuncio el Instituto Costarricense de

Electricidad (ICE) en una conferencia de prensa el jueves. La medida, que serd a partir del

lunes 13 de mayo, se debe a la sequia que generd una caida en los niveles de reserva
&0 energética del Sistema Eléctrico Nacional (SEN).

ene feb mar abr may jun jl g0 520 oct nov dic

e 121 e ) i 2123
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An AFD Groupe - IDF Partnership

Why climate risk transfer mechanisms? O IDRIMA 128

Economic impacts :capacity deficit vs. energy deficit

Capacity deficit: available installed capacity is not ...k
sufficient to cover demand at a specific time (short L
duration, often occurring without warningand " _ }

involving high cost). o oo . ‘ , ¢ - :

Energy deficit: The amount of energy needed in a T,
certain period of time exceeds the amount of energy _ : ¢ -

available. Causes: there is not enough fuel supply, o l h +
water resources from hydroelectric power plants are
insufficient, reservoir levels are low or supply e e . s
problems in regional interconnections (long S )
duration and usually preceded by warnings to the T - .
population). ’ T ' '

IDF SUMMIT 2026 Design. Deliver. Scale.




An AFD Groupe - IDF Partnership

Why climate risk transfer mechanisms? O'DR'MA 1) 4 EsiionienT

Impact on the rate to the end customer

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).

IDF SUMMIT 2026 Design. Deliver. Scale.
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Why climate risk transfer mechanisms?
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Risk and Sustainability

UN SDG 13 refers to climate action (taking urgent

IDRIMA D)% BEveloriiEnT
ez | 4 Pokom

An AFD Groupe - IDF Partnership

Envir onmeln tMala re m

He frames climate change as a
trend to highlight in the
demographic transition, the social
and economic effects.

action to combat climate change and its effects), ®
which considers the fulfilment of goals and
indicators.

Vulnerability

Identifies the effects of climate
change as a vulnerable risk

Comprehensive Risk Management

Culture Public Int

The Accountability axis,

specifically in the Risk
Management component, in
order to strengthen the capture
of events, vulnerabilites and
threats most critical in the
achievement of institutional

’—‘ objectives.
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Comprehensive ICE Risk Management

Cross-cutting Risk

Climate variability and extreme
weather events threaten business
continuity, sustainability and
renewable electrification goals.

REE-12: Failure to achieve renewable

electrification goals due to inadequate
climate resillence management.

’ @ Treatment & controls

.|b\ Monitoring & assurance
@ Climate resillence integration

Risk financing /

v
il

insurance optimization

IDRIMA D)% BEveloriiEnT
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Business Objectives Mission & Vision

= OEM-10: Diversify the » Provide safe, sustainable
electricity mix toward energy, connectivity and
100% renewable generation digital services to the people

f Costa Ri
= OEM-15: Position ot Costa KRica

responsible business conduct
as a source of competitive
advantage and public value.

= Lead renewable electrification
and deliver a secure, state-of the-
art digital telecommunications
ecosystem.




<

AFD- IDRIMA- ICE Partnership model Q28 drgys-

Agile approach :emphasizes iterative progress, flexibility, continuous
feedback, and cross - functional collaboration

@ zunich AFD  HONEN

Resilience Solutions AGENCE FRANCAISE
DE DEVELOPPEMENT
Risk assessment Risk Transfer
and reduction Analysis and

Development

1ICS

Financial Assurance Team: Gerencia Finanzasy Servicios Empresariales
Technical team for productive asset management : Gerencia Electricidad
Hydroclimatology =~ team : Gerencia Electricidad Direccién Infraestructura y Servicios Asociados
Risk governance team : Presidencia Ejecutiva - Gerencia General
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Hydro - Drought Impact Model O IDRIMA 1) Zisiranien
Objective and Framing
Key objective

To built a data - driven model that quantifies how much hydropower ICE's portfolio loses when rainfall is low C)
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 3 on average and in a bad year?

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

Analytical approach: Site - level validation Y Rainfall index selection Y portfolio aggregation Y Losscurve Y probabilistic model

IDF SUMMIT 2026 Design. Deliver. Scale.




Hydro - Drought Impact Model ° e 1) PR

Angostura | Rainfall, Inflow, Power (Monthly) Arenal | Rainfall, Inflow, Power (Monthly)
Corr{rain, inflow) = 0.773 Corr(rain, inflow) = 0.840

T T T T I T T T T I
2014 2016 2018 2020 2022 2024 2014 2016 2018 2020 2022 2024

Run-of-river plants : Power production - shows a strong Arenal's reservoir generate
correlation _with-monthly precipitation gand inflow data drawmg down stored water

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




Hydro - Drought Impact Model O e 1) PR

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

all sites SImU|taneOUSIy' A Strong rainfall correlation across basins .

Rainfall Correlation Across Sites

A Drought conditions tend to occur simultaneously

cach across basins, with varying intensity .
---“““-----n A Reduced power generation due to drought in one

basin cannot be compensated by others .

- - e
N e -
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-oE-aEn B
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-ahE B
- BB e
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Pirris —

Angostura —
Cachi
Cariblanco —
Garita
enas_Blancas —
eventazon —
Toro_2 —
Toro_3 —
Ventanas —

Correlation Coeﬁiment
m 1D @05 000 @05

m Rio_Macho —
Toro_1 —

-
o
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% Deviation from Mean

Hydro - Drought Impact Model IDRIMA 1y £ bseate

An AFD Groupe - IDF Partnership

Portfolio Power Generation and Diesel Backup Consumption.
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Hydro - Drought Impact Model O IDRIMA 15 issenstwr
Expected portfolio power loss at each rainfall level: Model equation.

Power Production Loss Curve vs Rainfall
Mean expected loss and 95th-percentile (worst-case) scenario

70 Monthly observations (all) :
& | Dlnsapistes (5 s ik ) :
R Blue (mean expected loss) : At typical low -
E " rainfall months (~50 mm), expected
2 portfolio loss is ~16618%
% =1 . G AN QM
2/ @ YY T~ . Ot~ A o~ 7 I~ v
5 . P Qup QY "Qua dw
4 Red (95th-percentile / worst -case, kin-
— 20 — . .
5 20-year) : At typical low-rainfall months
. & (~50 mm), worst - case loss reaches ~30%
i i — =
I ] | | I | |
0 100 200 300 400 500 600
onthly Portfolio Average Rainfall (mm)
- ) a ., ; = - y L_l <, ‘ it : ) o (A 1] ’ X ___ t . .
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KEY FINDINGS

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  bApril) is the primary risk window
and it is structurally asymmetric

IDF SUMMIT 2026 Design. Deliver. Scale. 33




MANAGEMENT ALLIANCE
An AFD Groupe - IDF Partnership

IDRIMA .>’INSURANCE

INTEGRATED DISASTER RISK I DEVEI-OPMENT
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Howden, Ag&Nature ‘. droughtd P VA
product for ICE

Parametric drought insurance structures designed to meet " . . ddought risk management needs, based on
i " ‘assessment that a monthly precipitation -based product isthe most appropriate solution .

The parametric analysis is built using 30 years of historical precipitation data (1996 b2025) 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.

CHIRPS V3, polygon aggregated to the spatial mean CHIRPS V3, polygon aggregated to the spatial mean, CHIRPS V3, polygon aggregated to the spatial mean,
s )
each month to the monthly sum each month to the monthly sum each month to the monthly sum
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Howden . . approacfi;,

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

Years: 1996 b 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




