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EXPERIENCE BY AFRY ON THE APPLICATION OF THE IHA CLIMATE RESILIENCE GUIDE

Overview

« Introduction to case studies

« Similarities and differences
« Stakeholder engagement
« Data availability
« Baseline definition
« Climate stress test

e Conclusions



SELECTED EXAMPLES

Case studies using IHA
Climate Resilience Guide

Selected examples:

Drin cascade (KESH), Albania
Chirchik-Boszu (Uzbek Hydro), Uzbekistan
Cahora Bassa (HCB), Mozambique
Nenskra HPP, Georgia




SELECTED EXAMPLES

Study areas overview

Drin Chirchik-Bozsu Zambezi Enguri
Albania Uzbekistan Mozambique Georgia
Yes (3 countries) Yes (3 countries) Yes (6 countries) No
14 000 km? 14 100 km? 1 064 400 km? 300 km?
1350 MW 40 MW 2075 MW 280 MW
Existing Existing (refurbishment)  EXisting Planned
1 seasonal, 4 run-of-river, 1 seasonal, 1 seasonal,
2 run-of-river (L UESTEE) SetEeh) (2 UpSTTEE et e ) 1 diversion weir
High lateral Complex water Upstream dam Snow and glacier
flood inflows allocation operation impacts
Finished Finished Ongoing Ongoing
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UNIQUE FEATURES IN CASE STUDIES

KESH Albania: .
Lateral flood inflows into the cascade &7

The schematic outlay of the Cascade Lateral flood inflows
FIERZA HPP

S J

Lateral flood inflows

_ KOMANI HPP

VAU | DEJES HPP

4 x 150MwW CUOMW ‘

Komani reservoir 5 x souw = 250 1 LY

Drin River Catchment Area




UNIQUE FEATURES IN CASE STUDIES

Uzbek Hydro, Uzbekistan:
Water allocation and |rr|gat|on W|thdrawals
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UNIQUE FEATURES IN CASE STUDIES

Cahora Bassa, Mozambique:
Upstream dam operation

Base Layer
. Open StreetiMap
® Google (Terrain)
® Google (Streets)
® Google (Hybrid)
® Google (Satellite)
@ Bing (Road)
@ Bing (Hybrid)
© Bing (Aerial)
@ no Basemap
, Overlays
{ i Country borders
3 2 B precip 1961-1390
MALAW' _ \ B gievation
i et : N Subbasins
= e 1 B 1iydraulic modet domai
Ratue=at #57 canora } L Tt
H H ) [ ;
Itezhitezhi Bassa, : _ River network
e ¢ Gorge, o ~ v 4 i B giver network (detailed)
: ¥ 188 Mphanda | 5 8 Computation Points
Kariba NkuWa Q N:wi;nputat-on Point
Batoka , / { 3

Gorge ¢ v 3

e ; ‘ \ . |MOZAMBIQUE
Zambezi downstream 4. ; e, | BOTSWANA 72" 3 : i i

W 7 Image courtesy of NASA Earthstar Geosraphics S0 © 2014 Microsoft Corporation
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UNIQUE FEATURES IN CASE STUDIES

Nenskra HPP, Georgia:
Snow and glacier impacts

A Dam
A Weir

A Powerhouse
£ v

HydroMet Station
Rivers
--- Countries b & .
[ Watersheds e i 724 S
¥ 1y Glacier 2020 : ‘ .
2 (Tielidze et.al., 2021) =
Glacier 2000 A
(Tielidze et.al., 2021) ;

DEM [m.asl]
mm < 500
mm <750
= < 1000
"mmm < 1250
= < 1500
43.05_1: o < 1750
\ < 2000
< 2250
< 2500
43.004 ™= <3000
- mmm < 3500
mm < 4000
< 4500
> 5000
; - N

S

Retreating Dolra glacier
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COMPARISON

Similarities and Differences in the Case Studies

« Stakeholder engagement
« Data availability

« Baseline definition

« Climate stress test

Does the project need a
climate risk assessment?

Monitoring,
reporting and
evaluation

Phase 3:
Climate Climate risk

Initial analysis
Y stress test management



SIMILARITIES AND DIFFERENCES IN THE CASE STUDIES

Stakeholder engagement

« AFRY’s approach for stakeholder engagement:
« Level of detail is a decision by the Client
« Sensitive information
» AFRY supports clients with outreach activities

« Capacity building and training
« Some clients are mainly interested in the CRA results, not capacity building

« For other clients close cooperation in all phases of CRA, including:

» Interactive workshops
* Hands-on training for key experts

i_r‘rﬂl_‘pak,t m(_j

"KESH training “%
climate change ;

10

climate charjge g g




SIMILARITIES AND DIFFERENCES IN THE CASE STUDIES

Data availability

11

Hydro-meteorological data (precipitation, air temperature)

« Station data availability good until ~1990 (e.g. GPCC, WMO)

- Satellite rainfall available since ~2000, but bias can be large Example Cahora Bassa CRA:

« Summary: Availability rainfall stations
+ Better quality ~1950-1990 GPCC station density
» Poorer quality ~1991-now 0.12

Cahora Bassa basin

1
0 - Upper Zambezi

Discharge data
 Flow gauge data:
+ Gauges are available, but data access sometimes difficult

Kafue

0.08

Luangwa
0.06

+ Deteriorating quality due to outdated rating curves
* Existing HPPs:

« Best data source 0
1900-01-01 1920-01-01 1940-01-01 1960-01-01 1980-01-01 2000-01-01 2020-01-01

Station density
[stations per 0.25deg cell]

« Outflow, water level, back-calculated reservoir inflow

« Smoothing of inflow data required

Good availability rainfall stations

Climate model projections

« Good availability (CORDEX ESGF, CMIP6 Copernicus)

. . . . . ; HCB operation data
« Bias correction required, with good quality observations P

&) AFRY



SIMILARITIES AND DIFFERENCES IN THE CASE STUDIES

Baseline

« Required for climate stress test (Phase 3)

« Baseline should consider:
- Data availability
« WMO standard periods
« Recent period
« Comparability to other studies
* Current conditions:

New dams

Historic
climate data

. . . River basin scale
Irrigation withdrawals

« Current operation rules

« Baseline # Historic

Baseline simulation

12 Reference scenario

Climate scenario

Emission scenario

Global greenhouse gas concentrations

U

GCM

Global climate

U

RCM

Regional climate

U

Downscaling
& bias correction

River basin scale

U

Hydrological model

River basin scale

U

Reservoir model

Q Dam site %

Comparison

Future simulation

Under climate projections

&) AFRY



SIMILARITIES AND DIFFERENCES IN THE CASE STUDIES

Baseline and future periods, examples

Reference climate Baseline Near future Far future

1961-1990 1991-2020 2021-2050 2071-2100

e 1961-1990: Reference period for observed, historic climate.
Suitable for evaluation of climate models and subsequent bias correction. Commonly used WMO standard period.
e 1991-2020: Baseline period for simulation of Cahora Bassa hydropower operation.
e 2021-2050: Near future period for simulation of climate change impacts in the next three decades.
e 2071-2100: Far future period for simulation of long-term climate change impacts

Estimation of future conditions based on delta change approach

Reference Period for delta change approach ! v v v

_ 2021-2040 2051-2070 2081-2100

Baseline for energy simulations

Baseline for design flood

comparison with baseline
13



PHASE 3

Approach for
Climate
Stress Test

14

Compre-
hensive

Semi-

compre-
hensive

Limited

\Y[eYe[=]

Hydrological
model with daily
time steps; direct
approach

Hydrological

model with at least
monthly time steps;
delta change or
direct approach

- Regression Models

« Budyko-type
Models

« Historical climate
analogies model

Floods

= Flood frequency
analyses
supported
by numerical
modelling

PMF simulation
based on statistical
or meteorological
PMP approach

» Flood frequency
analyses

PMF simulation, as
in comprehensive
approach,

or Clausius-
Clapeyron
equation
approximation

» Empirical methods

» Flood frequency
analyses

Climate scn

Ensemble of GCM or
RCM-based climate
projections

Observed trends
and at least three
locally-credible
GCM or RCM-based
climate projections
(optimistic, central,
pessimistic); as
discussed in Step
2.2, the 10th, 50,
and 90 percentile
change values are
recommended

Observed trends
and centroid of
the current GCM
ensemble

Stress test

Multi-variate
sensitivity analyses
of (at least)
precipitation and
temperature in
mean and extremes

Uni- or bivariate
sensitivity analyses
of precipitation
and temperature;
for PMF with PMP
variations

Uni- or bivariate
sensitivity analyses
of precipitation and
temperature



PHASE 3

Approach for

- Floods [Climate scn | Stress test

= Hydrological = Flood frequency Ensemble of GCM or Multi-variate
C I I I I I a t e model with daily analyses RCM-based climate sensitivity analyses
time steps; direct supported projections of (at least)
S T Com pre- approach by numerical precipitation and
t re S S e S t : modelling temperature in
hensive ) _ mean and extremes
= PMF simulation

based on statistical 11 GCM
or meteorological L
PMP approach 30 RCM

Hydrological » Flood frequency Uni- or bivariate
model with at least analyses sensitivity analyses
monthly time steps; of precipitation
delta change or and temperature;
_ direct approach for PMF with PMP
SEINIE variations

pessimistic); as
discussed in Ste
2.2., the 10th, 50,
and 90 percentile
change values are

compre-
hensive

recommended Zambezi DSS
selected
- Regression Observed trends previous
. Budyko a|:ld centroid of / _ " studies of
L_ ted the current GCM ion an AFRY
Imi ensemble West Africa

« Historical climate Danube

analogies model @ A F R Y
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PHASE 3
ApproaCh f()r - Floods |Climate scn | Stress test

- H logical « Flood fr Ensemble of GCM Multi-vari
CI I I I I a te m};ddrzlfvgiflz'ladaily a::yse: e RCsh‘:T;asig a:limat(i.Ir sel:\:ilt;:rzi';;ra;ialyses
Compre- Jc:iiesky
Stress Test DEET Yoo

time steps; direct supported projections of (at least)
hensive

by numerical 30 RCM precipitation and
modelling temperature in

40 RCM mean and extremes
GCM

« PMF simulation
Nenskr

LS based on statisti
KESH or meteorologi
PMP apprc

AFRY’s case studies 3 M

based on IHA CRG C N

)KE)'DQI Bod frog Observed trends Uni- or bivariate
model with at least araiyos and at lez ee sensitivity analyses

monthly time steps; . ally-credib of precipitation

« PMF simulation, as
delta change or in com¥a@nsive CMorR hased d temperature;
direct approach limate projectio PMF with PMP

i approa
Seml or Cla 5-

compre- Clapeyron pessimistic); as

aduration discussed in Step

hensive Y imad 22, the 10%, 50%,

proximation and 90 percentile

hange values are
ommended )

3 scenarios

(optimistic, centra vanations

Zambezi DSS

selected
+ Regression « Empiricalmethods  Observed trends previous
! . and centroid of studies of
[ ‘ y the current GCM AFRY
Imite ensemble West Africa
« Historical climate 1 GCM

Danube

analogies model N @ A F R Y
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FEEDBACK ON IHA CLIMATE RESILIENCE GUIDE

Conclusions

17

IHA Climate Resilience Guide

* Good guiding document for Consultant and Client
 Not too detailed, enables to adapt to the peculiarities of individual case studies

Stakeholder engagement differs greatly between studies
Historic data availability and definition of baseline is critical

Approach for Climate Stress Test

« Combination of different levels of detail

« Difficult to plan for required budget, if Approach is not known in advance
-> As a result the Approach is already pre-defined in the Consultant’s proposal.

Project risks Datasets Approach

High resolution

Medium to high

Available to
setup a
hydrological model

Project risks
Low resolution

Not available to set

up h}:\:l{l;zleolgical — @ A F R Y
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