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he changing climate is threatening the fragile ecosystems of Armenia, Georgia, and

Uzbekistan. It also threatens their built environments, compounding challenges of rapid

urbanization and environmental degradation. Proactive adaptive urban planning is essential to
reduce and manage climate risk, but this requires adequate data on climate trends and projections,
and comprehensive analyses of climate hazards, exposure, vulnerability, and potential impacts.

This publication provides urban climate risk assessments at the national level, and for selected cities
in Armenia, Georgia, and Uzbekistan. The results of these assessments have been developed into
climate risk profiles to help mainstream climate resilience in urban planning and management, and
to support government investment decisions and policy making in line with nationally determined
contributions and adaptation plans.

Findings from these climate risk assessments are helping to integrate low-carbon and climate resilience
measures into the planning and design of priority urban projects. The assessment for Georgia
contributed to new investments by the Asian Development Bank (ADB) in the Sustainable Water
Supply and Sanitation Sector Development Program and the Livable Cities Investment Project.
Meanwhile, the assessment for Uzbekistan informed the design of the Integrated Urban Development
Project, which will support inclusive, resilient, and sustainable infrastructure and services in four
secondary cities. Lessons and good practices from this project will be replicated in other cities

in Uzbekistan.

For ADB, boosting support for climate resilience in urban and water projects is part of a holistic
approach to scaling up investments in adaptation. This is key to delivering on the third operational
priority of ADB’s Strategy 2030: tackling climate change, building climate and disaster resilience,
and enhancing environmental sustainability. In 2021, ADB announced its ambition to deliver
$100 billion of climate finance from 2019 to 2030, of which $34 billion will be allocated for
investments in adaptation.

We hope that these urban climate assessments, along with their recommendations, help government
stakeholders place climate change at the forefront of their decision-making, facilitate policy dialogues,
and promote strategic planning on adaptation opportunities for enhanced resilience.

Bruno Carrasco Yevgeniy Zhukov
Director General Director General
Climate Change and Sustainable Development Department ~ Central and West Asia Department
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GLOSSARY

ERAGS refers to the fifth-generation atmospheric reanalysis of the global climate covering
January 1950 to the present. Produced by the Copernicus Climate Change Service at the
European Centre for Medium-Range Weather Forecasts, it provides hourly estimates of many
atmospheric, land, and oceanic climate variables.

Global circulation models (GCMs) represent physically based, three-dimensional models that
simulate atmospheric and oceanic processes to generate predictions of future large-scale
climate trends. They have been demonstrated to reproduce observed features of recent and
past climate change. Therefore, there is confidence that they can provide credible estimates of
future climate change, particularly at continental and larger scales.

Representative concentration pathways (RCPs) are scenarios that include time series of
emissions and concentrations of the full suite of greenhouse gases (GHGs), aerosols, and
chemically active gases. They are used to predict how GHG concentrations will change because
of human activities, with RCP85 representing a high emissions scenario and RCP45 representing
a medium emissions scenario.

Return period indicates the period in years in which a hazard is likely to occur based on historical
record.



BACKGROUND AND
STRUCTURE OF THE REPORT

nder the 2015 Paris Agreement, countries communicate their nationally determined

contributions (NDCs), which define targets, measures, and policies to reduce greenhouse

gas emissions and adapt to the adverse effects of climate change. To help its developing
member countries (DMCs) achieve their climate commitments, the Asian Development Bank
(ADB) has elevated its ambition to deliver climate financing to its DMCs to $100 billion from 2019
to 2030." Under Strategy 2030,> ADB has committed to align 75% of its operations with climate
change goals.

ADB is working to solidify its role as Asia and the Pacific’s climate bank. It has established a dedicated
NDC support platform—NDC Advance—through which it provides DMCs with technical assistance
to help refine and enhance their NDC commitments, translate these NDCs into climate investment
plans, and identify priority climate projects. NDC Advance also helps improve DMC access to
external public and private climate financing, particularly supporting the use of innovative finance
mechanisms; and develops methods and tools to measure, monitor, and report on progress made on
the NDCs.?

Under NDC Advance, the ADB project team conducted high-level urban climate assessments at
the national level and for selected cities in Armenia, Georgia, and Uzbekistan.” The results of these
assessments were developed into climate risk profiles that aim to provide urban focal agencies, ADB
project teams, and other development practitioners with a reference guide for incorporating climate
resilience in urban planning and management, as well as support government investment decisions
and policy making. The risk profiles are presented in this publication as country chapters with three
main sections: (i) climate trends and risk diagnostics (national and city levels), (ii) options for
mainstreaming climate resilience in urban planning, and (iii) infrastructure design considerations.
The country chapters are followed by a guidance note on the limitations of the risk profiles and how
they should be interpreted. Annexes describing the methodological approaches used are available
on request.

ADB’s holistic resilience framework® can be used as a foundational principle and approach
for mainstreaming climate resilience in urban planning and development. In this framework,

ADB. 2021. ADB Raises 2019-2030 Climate Finance Ambition to $100 Billion. News release. 13 October.

ADB. 2018. Strategy 2030: Achieving a Prosperous, Inclusive, Resilient, and Sustainable Asia and the Pacific. Manila.

ADB. 2022. NDC Adva nce: Accelerating Climate Actions in Asia and the Pacific. Manila.

ADB. 2019. Technical Assistance for Supporting the Implementation of ADB’s Climate Change Operational Framework 2017-2030—
Subproject 1: Supporting Ambitious Climate Action through Implementation of Developing Member Countries” Nationally
Determined Contributions. Manila.

> Further described in X. Lu. 2019. Building Resilient Infrastructure for the Future: Background Paper for the G20 Climate
Sustainability Working Group. ADB Sustainable Development Working Paper Series. No. 61. Manila: ADB.
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https://www.adb.org/news/adb-raises-2019-2030-climate-finance-ambition-100-billion
https://www.adb.org/sites/default/files/institutional-document/435391/strategy-2030-main-document.pdf
https://www.adb.org/sites/default/files/publication/536516/ndc-advance-flyer.pdf
https://www.adb.org/sites/default/files/project-documents/52004/52004-002-tasp-en.pdf
https://www.adb.org/sites/default/files/project-documents/52004/52004-002-tasp-en.pdf
https://www.adb.org/sites/default/files/project-documents/52004/52004-002-tasp-en.pdf
https://www.adb.org/sites/default/files/publication/519821/sdwp-061-building-resilient-infrastructure-future.pdf
https://www.adb.org/sites/default/files/publication/519821/sdwp-061-building-resilient-infrastructure-future.pdf
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system resilience is identified as a product of ecosystem, infrastructure, financial, and social

and institutional resilience.The risk profiles spotlighted in this publication draw on this holistic
framework by emphasizing the integration of nature-based solutions, operation and maintenance
(O&M) considerations, and capacity building and other institutional enhancement measures.

The risk profiles have contributed to the design and climate assessment of three ADB urban and
water projects: two in Georgia, and one in Uzbekistan.® These projects are supporting nine of

the 15 profiled localities, including Thbilisi, Batumi, Kutaisi, Mestia-Lentekhi, Northern Kakheti,
and Zugdidi in Georgia; and Djizzak, Khiva, and Yangiyer in Uzbekistan. Another profiled locality,
Armenia’s capital city of Yerevan, is also being supported by the ongoing ADB-funded Sustainable
Urban Development Investment Program. More information on the urban trends in Armenia,
Georgia, and Uzbekistan is available in ADB’s national urban assessment for each of the countries
in focus.”

6 These new investments include the Sustainable Water Supply and Sanitation Sector Development Program and Livable

Cities Investment Project in Georgia and the Integrated Urban Development Project in Uzbekistan.

7 Specifically (i) ADB. 2019. Armenia’s Transformative Urban Future: National Urban Assessment. Manila; (if) ADB. 2016.
Realizing the Urban Potential in Georgia: National Urban Assessment. Manila; and (i) ADB. 2021. Harnessing Uzbekistan’s
Potential of Urbanization: National Urban Assessment. Manila.


https://www.adb.org/sites/default/files/institutional-document/546036/armenia-national-urban-assessment.pdf
https://www.adb.org/sites/default/files/institutional-document/186168/urban-potential-georgia.pdf
https://www.adb.org/sites/default/files/institutional-document/735126/uzbekistan-national-urban-assessment.pdf
https://www.adb.org/sites/default/files/institutional-document/735126/uzbekistan-national-urban-assessment.pdf

1. Armenia

1.1 Climate Trends and Risk Analyses: National Level

Armenia’s prime city of Yerevan, home to about a third of its population, is increasingly threatened by

climate and disaster risks (photo by Eric Sales/ADB).
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Figure 1.1: Past and Future Changes in Temperature and Precipitation
under Medium and High Emissions Scenarios (Armenia)

Historical (ERA5)
1,200 RCP45 (NASA-NEX)
RCP85 (NASA-NEX)

25th-75th Percentile of Climate Model Ensemble RCP45
25th-75th Percentile of Climate Model Ensemble RCP85

1,000

Total annual precipitation (mm)

800
600
1980 1990 2000 2010 2020 2030 2040 2050 2060 2070 2080
Year
14
Historical (ERAS) 25th-75th Percentile of Climate Model Ensemble RCP45
AP NN 25th-75th Percentile of Climate Model Ensemble RCP85
. RCP85 (NASA-NEX)

&
v
=1

s 10
I
=
o)
©

2 8
E
f=
3
=

6

4

1980 1990 2000 2010 2020 2030 2040 2050 2060 2070 2080

Year

mm = millimeter, NASA-NEX = NASA Earth Exchange, RCP = representative concentration pathway.

Notes: Shaded areas indicate the 25th and 75th percentiles of climate model ensemble predictions, reflecting the full spread of model predictions.
ERAGS refers to the 5th generation atmospheric reanalysis of the global climate, covering 1950 to the present.

Source: Asian Development Bank project team and consultant experts, using data from ERAS (historical) and NASA-NEX climate model
projections (RCP45 and RCP85).




Country Chapters - ARMENIA 5

Figure 1.2: Per-Province Changes in Temperature and Precipitation
under a Medium Emissions Scenario (Armenia)
Mean Temperature (°C) 23 Annual Precipitation (mm) K
250
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Legend:
1= Aragatsotn 3=Armavir  5=Gegharkunik 7= Lori 9 = Syunik 11 = Vayots Dzor
2 = Ararat 4 = Erevan 6 = Kotayk 8 =Shirak 10 = Tavush
> = greater than, mm = millimeter, RCP = representative concentration pathway.
Notes: Spatial trends represent changes from the historical (1990) to the future (2050) RCP45 scenario.
ERAGS refers to the 5th generation atmospheric reanalysis of the global climate, covering 1950 to the present.
Source: Asian Development Bank project team and consultant experts, using data from ERA5 and NASA Earth Exchange.
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Table 1.1: Summary of National-Level Changes in Future Climate under Medium
and High Emissions Scenarios (Armenia)

Units A RCP45 A RCP45 ARCP85 ARCP85
Variable [A units] Historic 2030 2050 2030 2050

Average climate trends

Mean Annual Temperature °C[°C] 12.8 1.4 2.2 15 29
[0.8,1.9] [1.5,2.7] [0.9,21] [21,3.6]
Total Annual Precipitation mm/year [%] 51 0.1 (1.10) 0.6 (4.50)

[(113),131] [(145),142] [(134),162] [(183),121]

Extreme temperature trends

Maximum Annual Temperature °C[°C] 32.6 2 29 23 4
[1,3] [1.9,4] [1.2,3.2] [2.8,5.3]
Minimum Annual Temperature °C[°C] (20.9) 0.9 1.4 1.4 2.2

[(15),3.4] [(0.9),4] [(1.4),3.9] [(0.4),4.6]

Extreme precipitation trends

Maximum 1-Day Precipitation mm/day [%)] 278 6.4 3.6 5.9 5.6
[(11.2),234] [(12.9),23.8] [(12.3),245] [(12.5),27.8]
Drought Period Length days [days] 27.8 1.2 34 1.9 5.2

[(31),65] [(2),11] [(35),10]  [(0.8),134]

A = change, () = negative, mm = millimeter, RCP = representative concentration pathway.

Notes: Numbers in brackets represent median values (25th percentile, 75th percentile) of climate model ensemble predictions.
ERAGS refers to the 5th generation atmospheric reanalysis of the global climate, covering 1950 to the present.

Source: Asian Development Bank project team and consultant experts, using data from ERAS (historical) and NASA Earth Exchange climate model
projections (RCP45 and RCP85).

Shaded parks with resource-efficient cooling facilities, as seen in this Yerevan town square, are becoming increasingly

important urban amenities, given the projected rising temperature for most parts of Armenia (photo by Eric Sales/ADB).
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Figure 1.3: Seasonal Changes in Temperature and Precipitation, Historical

and Future Time Horizons (Armenia)
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Source: Asian Development Bank project team and consultant experts, using data from ERAS (historical) and NASA Earth Exchange climate

model projections (RCP45 and RCP85).
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1.2 Climate Trends and Risk Analyses: Gyumri (Shirak Province)

SUMMARY (2050)

City-scale risk
Moderate risk of extreme heat events in the urban center
Moderate riverine flood risk along road networks

National-scale hazards
Unlikely to experience extreme water stress problems
Extreme cold events are likely to affect area

Changes in climate
Moderate increases in maximum yearly temperature will likely increase frequency and intensity of heat waves
Small increases in maximum 1-day precipitation events may increase flood risk

Extreme precipitation
The most severe precipitation events predicted by climate model ensemble are of moderate intensity

Figure 1.4: Current Risk Associated with Extreme Heat and Riverine Flooding (Gyumri)

Extreme Heat Flooding

Note: O = no risk, 3 = high risk.

Source: Asian Development Bank project team and consultant experts, using data from the United Nations (population density and gross
domestic product); OpenStreetMap (vulnerability of road networks, buildings, and points of interest); United Nations Office for Disaster Risk
Reduction. 2015. Global Assessment Report on Disaster Risk Reduction 2015. Geneva (1in 100-year flood hazard); and Google Earth Engine (heat
anomaly signals).


https://www.preventionweb.net/english/hyogo/gar/2015/en/gar-pdf/GAR2015_EN.pdf

Country Chapters - ARMENIA 9

Figure 1.5: Current Hazards Associated with Water Shortage or Drought
and Extreme Cold Events (Gyumri)
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Notes: Map shows the spatial distribution of each hazard and the location of the urban area in this context.
ERAGS refers to the 5th generation atmospheric reanalysis of the global climate, covering 1950 to the present.

Source: Asian Development Bank project team and consultant experts, using data from ERA5 (drought and extreme low temperature).

Table 1.2: Changes in Future Climate under Medium and High Emissions Scenarios (Gyumri)

Units A RCP45 A RCP45 A RCP85 A RCP85
Variable [A units] 2030 2050 2030 2050

Average climate trends

Mean Annual Temperature °C[°C] 1 1.3 21 1.5 29
[0.8,1.9] [1.5,2.7] [0.9,21] [2.2,3.6]
Total Annual Precipitation mm/year [%] 565.3 0.7 0.3 1.6 (3.2)

[(112),137]  [(121),15]  [(123),17.8] [(17.8),133]
Extreme temperature trends

Maximum Annual Temperature °C[°C] 31 1.8 2.8 2 3.8
[0.7,3] [1.7,4] [0.9,3.3] [2.6,5.3]
Minimum Annual Temperature °C[°C] (24.9) 0.9 15 1.4 24

[(15),3.3] [(0.8),4] [(11),3.9] [(03,)4.7]
Extreme precipitation trends

Maximum 1-Day Precipitation mmj/day [%] 271 4.7 3.9 4.7 5.4
[(133),261] [(141),26]  [(11.5),29.7] [(13.5),29.3]
Drought Period Length days [days] 243 1.4 24 1.4 37

[27),65]  [(24),91] [(38),97] [(16),11.2]

A = change, () = negative, mm = millimeter, RCP = representative concentration pathway.
Notes: Numbers in brackets represent median values (25th percentile, 75th percentile) of climate model ensemble predictions.
ERAGS refers to the 5th generation atmospheric reanalysis of the global climate, covering 1950 to the present.

Source: Asian Development Bank project team and consultant experts, using data from ERAS (historical) and NASA Exchange climate model
projections (RCP45 and RCP85).
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Figure 1.6: Return Period Analysis of Extreme Precipitation Events (Gyumri)

120

ERAS
RCP45
RCP85
100 2030
2050
/é\
E
~ 80
.©
s
a
2 60
o
40
2 5 10 25 50 100

Recurrence (Years)

Return Period

e wmPels

Historical daily maximum precipitation (mm)

ERAS 26 46 58 75 87 99
Future (75th percentile of GCM distribution) (mm)

RCP45 2030 28 50 64 82 95 108
RCP45 2050 28 49 63 81 94 107
RCP85 2030 29 51 65 83 97 110
RCP85 2050 32 55 70 90 104 119

A = change, GCM = global circulation model, mm = millimeter, RCP = representative concentration pathway.

Notes: The analysis represents changes in the yearly maximum 1-day precipitation (RxIday) at various return periods, providing predictions of
future frequencies of extreme precipitation events. It is based on the third quartile (75th percentile) of ensemble predictions and uses
a Gumbel fitting approach to estimate the extreme events. The numbers can be used to inform the design of more climate-resilient
urban infrastructure.
ERAG refers to the Sth generation atmospheric reanalysis of the global climate, covering 1950 to the present.

Source: Asian Development Bank project team and consultant experts, using data from ERAS (historical) and NASA Earth Exchange climate
model projections (RCP45 and RCP85).
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1.3 Climate Trends and Risk Analyses: Vanadzor (Lori Province)

SUMMARY (2050)

City-scale risk
Moderate risk of extreme heat events across area, increased for urban area
Moderate riverine flood risk along road networks

National-scale hazards
Unlikely to experience extreme water stress problems
Extreme cold events are likely to affect area

Changes in climate
Large increases in maximum yearly temperature will likely increase frequency and intensity of heat waves
Moderate increases in maximum 1-day precipitation events may increase flood risk

Extreme precipitation
The most severe precipitation events predicted by climate model ensemble are of moderate intensity

Figure 1.7: Current Risk Associated with Extreme Heat and Riverine Flooding (Vanadzor)

Extreme Heat Flooding

Note: O = no risk, 3 = high risk.

Source: Asian Development Bank project team and consultant experts, using data from the United Nations (population density and gross
domestic product); OpenStreetMap (vulnerability of road networks, buildings, and points of interest); United Nations Office for Disaster Risk
Reduction. 2015. Global Assessment Report on Disaster Risk Reduction 2015. Geneva (1in 100-year flood hazard); and Google Earth Engine (heat
anomaly signals).

1
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Figure 1.8: Current Hazards Associated with Water Shortage or Drought
and Extreme Cold Events (Vanadzor)
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Notes: Map shows the spatial distribution of each hazard and the location of the urban area in this context.
ERAGS refers to the 5th generation atmospheric reanalysis of the global climate, covering 1950 to the present.

Source: Asian Development Bank project team and consultant experts, using data from ERA5 (drought and extreme low temperature).

Table 1.3: Changes in Future Climate under Medium and High Emissions Scenarios (Vanadzor)

Units A RCP45 A RCP45 A RCP85 A RCP85
Variable [A units] 2030 2050 2030 2050

Average climate trends

Mean Annual Temperature °C[°C] 1.9 1.4 2.1 1.5 29
[0.8,1.9] [15,2.7] [0.9,21] [21,3.6]
Total Annual Precipitation mmfyear [%] 5975 0.7 0 23 @7

[(10.9),14.6] [(12.8),14.9] [(12),181]  [(18.1),12.4]
Extreme temperature trends

Maximum Annual Temperature °C[°C] 315 2 31 23 4
[0.9,3.3] [1.8,4.2] [1.1,3.4] [2.8,5.4]
Minimum Annual Temperature °C[°C] (22.2) 0.8 1.5 1.2 2.1

[(1.7),33] [(0.9),3.9] [(1.2),3.8] [(0.5),4.6]
Extreme precipitation trends

Maximum 1-Day Precipitation mm/day [%] 291 6.1 5.1 4.6 5.7
[(15.1),32.3] [(15.5),35.4] [(13.6),33.9] [(13.9),36.5]
Drought Period Length days [days] 23.6 1.4 21 1.4 4.1

[(3),6.6] [(28),9]  [(36),84] [(0.8),114]

A = change, () = negative, mm = millimeter, RCP = representative concentration pathway.
Notes: Numbers in brackets represent median values (25th percentile, 75th percentile) of climate model ensemble predictions.
ERAGS refers to the 5th generation atmospheric reanalysis of the global climate, covering 1950 to the present.

Source: Asian Development Bank project team and consultant experts, using data from ERAS (historical) and NASA Earth Exchange climate model
projections (RCP45 and RCP85).
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Figure 1.9: Return Period Analysis of Extreme Precipitation Events (Vanadzor)
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A = change, GCM = global circulation model, mm = millimeter, RCP = representative concentration pathway.

Notes: The analysis represents changes in the yearly maximum 1-day precipitation (RxIday) at various return periods, providing predictions of
future frequencies of extreme precipitation events. It is based on the third quartile (75th percentile) of ensemble predictions and uses
a Gumbel fitting approach to estimate the extreme events. The numbers can be used to inform the design of more climate-resilient

urban infrastructure.

ERAGS refers to the Sth generation atmospheric reanalysis of the global climate, covering 1950 to the present.

Source: Asian Development Bank project team and consultant experts, using data from ERAS (historical) and NASA Earth Exchange climate

model projections (RCP45 and RCP85).
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1.4 Climate Trends and Risk Analyses: Yerevan

SUMMARY (2050)

City-scale risk
® Moderate risk of extreme heat, concentrated in urban center
= Areas of moderate flood risk to south of urban center

National-scale hazards
= May be at some risk of experiencing water stress problems
= Area unlikely to be exposed to extreme cold events

Changes in climate
“ Moderate increases in maximum yearly temperature increasing frequency and intensity of heat waves
= Small increases in maximum 1-day precipitation events may increase flood risk

Extreme precipitation
= The most severe precipitation events predicted by climate model ensemble are of low intensity

Figure 1.10: Current Risk Associated with Extreme Heat and Riverine Flooding (Yerevan)

Extreme Heat Flooding

Note: O = no risk, 3 = high risk.

Source: Asian Development Bank project team and consultant experts, using data from the United Nations (population density and gross
domestic product); OpenStreetMap (vulnerability of road networks, buildings, and points of interest); United Nations Office for Disaster Risk
Reduction. 2015. Global Assessment Report on Disaster Risk Reduction 2015. Geneva (1in 100-year flood hazard); and Google Earth Engine (heat
anomaly signals).



https://www.preventionweb.net/english/hyogo/gar/2015/en/gar-pdf/GAR2015_EN.pdf
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Figure 1.11: Current Hazards Associated with Water Shortage or Drought

Notes: Map shows the spatial distribution of each hazard and the location of the urban area in this context.
ERAGS refers to the 5th generation atmospheric reanalysis of the global climate, covering 1950 to the present.

Source: Asian Development Bank project team and consultant experts, using data from ERA5 (drought and extreme low temperature).

and Extreme Cold Events (Yerevan)
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Table 1.4: Changes in Future Climate under Medium and High Emissions Scenarios (Yerevan)

Units A RCP45 A RCP45 A RCP85 A RCP85
Variable [A units] Historic 2030 2050 2030 2050

Average climate trends

Mean Annual Temperature °C[°C] 17.5 1.3 2.2 1.5 29
[0.8,1.9] [1.5,2.7] [0.9,2.2] [2.2,3.6]
Total Annual Precipitation mm/year [%] 3715 1.7 (0.5) 21 (2.6)
[(1.6),14.6] [(14.9),15.7] [(12.9),18.9] [(20.2),14.4]
Extreme temperature trends
Maximum Annual Temperature °C[°C] 374 1.9 2.9 2.2 3.9
[0.8,31] [1.8,4] [1,3.2] [2.5,5.4]
Minimum Annual Temperature °C[°C] (16.9) 0.8 1.5 1.2 2.2
[(1.5),3.5] [(1D), 4] [(1.4),3.8] [(0.4),4.8]
Extreme precipitation trends
Maximum 1-Day Precipitation mm/day [%] 193 1.8 4.9 4.6 5.9
[(16.7),341] [(20.3),334] [(171),354] [(15.7),37.7]
Drought Period Length days [days] 30.8 0.2 4.2 1.2 5.2
[(48),92] [(38),12.8] [(4.8),11.2] [(2.8),16.2]

A = change, () = negative, mm = millimeter, RCP = representative concentration pathway.

Notes: Numbers in brackets represent median values (25th percentile, 75th percentile) of climate model ensemble predictions.
ERAGS refers to the 5th generation atmospheric reanalysis of the global climate, covering 1950 to the present.

Source: Asian Development Bank project team and consultant experts, using data from ERAS (historical) and NASA Earth Exchange climate model

projections (RCP45 and RCP85).
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Figure 1.12: Return Period Analysis of Extreme Precipitation Events (Yerevan)
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A = change, GCM = global circulation model, mm = millimeter, RCP = representative concentration pathway.

Notes: The analysis represents changes in the yearly maximum 1-day precipitation (RxIday) at various return periods, providing predictions of
future frequencies of extreme precipitation events. It is based on the third quartile (75th percentile) of ensemble predictions and uses
a Gumbel fitting approach to estimate the extreme events. The numbers can be used to inform the design of more climate-resilient
urban infrastructure.
ERAGS refers to the 5th generation atmospheric reanalysis of the global climate, covering 1950 to the present.

Source: Asian Development Bank project team and consultant experts, using data from ERAS (historical) and NASA Earth Exchange climate
model projections (RCP45 and RCP85).




Country Chapters - ARMENIA

1.5 Options for Mainstreaming Climate Change in Urban Planning

Key Considerations in Selected Subsectors

Adaptation starts at the planning stage. Taking climate change risks into account in both land-use
planning and siting of infrastructure is of paramount importance, as is answering questions such
as “Which infrastructure projects are needed to enhance urban climate resilience?” And “Is this
project appropriate within the urban risk context¢”

Focusing on key subsectors that may be affected by climate change and correspond to priority areas of
ADB investment, Table 1.5 provides some specific measures that may be considered in the national-level
urban planning process. Although relevant, health and energy are beyond the scope of this risk profile.

Table 1.5: Planning Considerations for Selected Urban Subsectors

Projected Relevance to Area Potential Impacts Possible Planning
Climate Change (Low/Medium/High)? on Infrastructure Considerations and/or Actions

Transport Infrastructure

Small to moderate
increases in
precipitation
intensity, maximum
1-day precipitation
events

Moderate increase
in maximum
temperatures and
frequency of heat
waves

Moderate increase

in minimum yearly
temperatures,
considerable
decrease in frost days

High

Moderate precipitation
in country, which is

likely an issue along
large river channels. The
mountainous terrain
makes the country
vulnerable to flash
flooding, pluvial flooding,
and landslides.

Medium

The country does not
experience extreme heat
regularly, although urban
centers are at risk of the
urban heat island effect.

Medium

This is most likely to
occur in higher elevation
areas throughout the
country.

Increased precipitation
potentially leading to
increased damage to
roads and transport
infrastructure because
of floods, mudslides,
landslides, and
avalanches

Intense heat waves and
increased temperatures
potentially affecting
transport infrastructure
and requiring more
frequent repairs, as well
as affecting users

Increases in minimum
temperatures potentially
leading to a decrease in
frost- and ice-related
damage to infrastructure

* Take into account the flooding risks in
decisions regarding the siting of roads
and rails and related infrastructure

* Incorporate blue spaces and green
spaces in planning to cope with excess
water®

* Encourage mixed-use, vertical, and
compact development as opposed to
urban sprawl to reduce dependence on
car-centric lifestyles

Encourage the use of nature-based
solutions such as tree planting, creation
of urban water bodies, and green roofs to
reduce the urban heat island effect®

No adaptation needed to address climate
change risks, possibly a gain from climate
change to be realized

continued on next page
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Table 1.5 continued

Projected

Relevance to Area

Potential Impacts
on Infrastructure

Possible Planning

Climate Change

Buildings

Small to moderate
increases in
precipitation
intensity, maximum
1-day precipitation
events

Moderate increase
in maximum
temperatures and
frequency of heat
waves

Moderate increase

in minimum yearly
temperatures,
considerable
decrease in frost days

Sanitation, Sewerage,

Moderate increases
in precipitation
intensity, maximum
1-day precipitation
events

Small increase in
drought length,
decrease or small
increase in total
precipitation

(Low/Medium/High)?

High
Moderate precipitation,
which is likely an issue

along large river channels.

The mountainous nature
of the country is likely to
lead to problems of flash
flooding, pluvial flooding,
and landslides.

Medium

The country does not
experience extreme heat
regularly, although this
may be an issue in large
urban centers.

Medium

This is most likely to
occur in higher-elevation
areas throughout the
country.

and Water Supply
High
This is likely an issue
in areas with extreme
topography, and
expansive urban areas.

Medium
The country experiences
some water stress.

Increased precipitation
potentially leading

to increased damage
to buildings because
of floods, mudslides,
landslides, and
avalanches

Intense heat waves and
increased temperatures
potentially affecting
buildings and users

Increases in minimum
temperatures potentially
leading to a decrease in
frost- and ice-related
damage to buildings

Increased extreme
precipitation events may
exceed urban water cycle
capacity

Increased intensity of
droughts may cause
water shortages

Considerations and/or Actions

+ Climate informed land-use planning
(e.g., siting of buildings)

¢ Climate-resilient building codes

* Upgrading of existing surface
water management and drainage
infrastructure for increased intensity
precipitation events

* Incorporation of SUDS features in the
planning process

* Early warning systems®

¢ Building codes to improve temperature
regulation in buildings and encourage
the use of heat-resistant materials

* Green-blue infrastructure such as urban
green space, water features, green roofs,
and shading trees

No adaptation needed to address climate
change risks, possibly a gain from climate
change to be realized

* Enhance land-use planning, focusing on
increasing the percentage of permeable
and semipermeable green space and
creating water storage and retention in
urban areas®

» Upgrade capacity of sewerage networks

¢ Shift from combined sewerage and
drainage networks to separate systems

* Incorporate SUDSs in drainage planning

* Create climate-resilient drainage and
wastewater management plans

* Measures to increase water efficiency
(loss reduction) in infrastructure

+ Demand for management measures’

* Diversification of water supply, water
recycling, and use of alternative water
resources®

* Creation of drought management and
early warning strategies

continued on next page
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Table 1.5 continued

Projected Relevance to Area Potential Impacts Possible Planning
Climate Change (Low/Medium/High)? on Infrastructure Considerations and/or Actions

Solid Waste
Moderate increase Medium Increased temperature * Awareness raising and waste
in maximum annual | This is most likely to may require an minimization campaigns around the 3Rs
temperatures occur in higher elevation | improvement of the (reduce, reuse, and recycle)
areas throughout the waste management * Upgrading of landfill sites to avoid
country where the system to cope with mobilization of pollutants and reduce
climate may become potentially increased risks methane emissions
milder. of pathogenic germs to
health

SUDS = sustainable urban drainage system.

* Relevance ratings are determined by expert judgment based on relevant datasets presented in the climate risk profiles.

® Armenia’s first nationally determined contribution, updated in April 2021, emphasizes ecosystem-based approaches. Government of Armenia. 2021.
Nationally Determined Contribution 2021-2030 of the Republic of Armenia to the Paris Agreement. Yerevan.

¢ More guidance may be obtained from J. Matthews and E. O. Dela Cruz. 2022. Integrating Nature-Based Solutions for Climate Change Adaptation and
Disaster Risk Management: A Practitioner’s Guide. Manila: ADB.

4 The country’s fourth national communication specifically mentions the need for early warning systems to mitigate climate risks. Government of
Armenia. 2020. Armenia’s Fourth National Communication on Climate Change under the United Nations Framework Convention on Climate Change.
Yerevan.

¢ See the “sponge city” concept piloted in several cities in the People’s Republic of China with support from ADB. ADB. 2017. Piloting “Sponge Cities”
in the People’s Republic of China. Project result/case study. 13 January.

f This includes a variety of measures such as tariffs, pricing, user controls, awareness raising, and smart network monitoring.

¢ There are technologies that can use brackish water or wastewater as inputs and produce a combination of food (aquaculture products, vegetables,
animal feed) and clean water. Applicability for Armenia would need to be assessed. The advantage of such technology is that it involves an
ecosystem-based approach in line with Armenia’s nationally determined contribution.

Source: Asian Development Bank project team.

Considerations on Enabling Environment, Local Government Planning,
and Operation and Maintenance

Early action on other general considerations relating to planning and O&M can further accelerate
urban climate resiliency building in Armenia. Some of these considerations are outlined below.

Building an enabling environment for climate-resilient planning

The central government can consider the following measures:

= Ensure that local governments and stakeholders are equipped with adequate data,
information, and skills that will help them respond to the impacts of climate change.
This could be in the form of data portals and knowledge-sharing workshops.

= Ensure that cities coping with climate change have sufficient access to finance, e.g., through
applications by the central government to international climate financing facilities such as the
Green Climate Fund.

B Ensure that individuals and communities affected by climate change-related hazards can
recover and rebuild as quickly as possible via access to insurance and national government
support programs.

= Develop building codes and standards for infrastructure that adequately take account of
changes in climate, such as new flood return periods.
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https://unfccc.int/sites/default/files/NDC/2022-06/NDC of Republic of Armenia  2021-2030.pdf
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https://www.adb.org/results/piloting-sponge-cities-people-s-republic-china
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Introduce and institutionalize risk-based land use and open space planning. Introduce
blue-green resilience networks and nature-based solutions as a first step in spatial planning.

Initiate and sustain benchmarking and monitoring of efforts across cities and local
government jurisdictions, facilitating knowledge transfer between these parties.

Local government planning

Local governments may wish to consider the following measures:

Consistently take account of how expected climate change interacts with the cities’
development visions and how expected climate change may impact the relative viability of
investments. This is especially relevant with regard to the performance of built assets over
their respective project life cycles.

Develop hazard maps to guide urban development, e.g,, to integrate flood risks into urban
spatial planning. This requires local-scale, higher-resolution modeling to better map the
influence on hazards of a full envelope of likely changes in climate.

Ensure that individuals and communities at risk to climate-related hazards are aware of the
risks they are exposed to and how these may change in the future. This could be achieved via
community outreach and digital applications.

Climate hazard information should be factored into the design and implementation of
development regulation instruments, such as zoning, land subdivision, and building codes.
This will help reduce climate change vulnerability and avoid the expansion of development to
high-risk areas.

Adopt, implement, and enforce building codes and infrastructure standards that consider
changes in climate, such as new flood return periods.

Promote the development of early warning systems and climate change-related disaster
response strategies (often as part of a more comprehensive disaster response strategy).

Initiate community education programs for disaster preparedness. These should focus on
preparing communities for situations in which authorities and emergency services are unable
to access affected areas to provide critical assistance in the aftermath of a disaster.

Undertake institutional strengthening for climate action through reform of responsibilities
and the creation of a high-level climate change office under the governor and mayor and
cross-departmental working groups.

Operation and maintenance

Adequate O&M is as important as up-front capital investments to enhance resilience to climate
risk. Some key considerations relating to O&M are in the following list:

Ensure that risk-informed O&M is considered from the earliest stages of planning and design
for new infrastructure projects.

Update existing O&M plans to reflect changes in precipitation and temperature, which may
necessitate more frequent maintenance or changes in operational practices.

Create backup emergency infrastructure in case of failure in key infrastructure, e.g., the
maintenance of emergency generators in case of power failure.
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B Ensure regular inspection and maintenance of infrastructure relating to hazard protection,
e.g., flood protection structures.

B |mplement smart monitoring strategies and the Internet of Things, which can collect,

centralize, and review data relating to hydrometeorology and key infrastructure.

®  |mplement risk-informed preventive maintenance, which may be a highly feasible and
cost-effective approach for ensuring overall network resilience.

B Prioritize O&M of telecommunication networks, which play a critical role in disaster response

efforts.

21

1.6

Table 1.6 provides some key considerations for the design and/or upgrading of urban infrastructure
assets to enhance climate resilience based on expert judgment of climate model ensemble
outputs, including possible adaptation measures. As with Table 1.5, this table focuses on key urban
subsectors that may be affected by climate change and correspond to the priority areas of ADB

Infrastructure Design Considerations

investment. Health and energy, although also relevant, are beyond the scope of this profile.

Table 1.6: Design Considerations for Urban Infrastructure in Selected Cities

Projected
Climate Change

Relevance to Area

(Low/Medium/High)

Transport Infrastructure

Gyumri Vanadzor Yerevan

Potential Impacts
on Infrastructure

Possible Adaptation
Measures

Gyumri, Vanadzor, Yerevan

Smallincreases | Medium Medium Medium Increased Enhance drainage
in precipitation | Riverine flood | Riverine flood | Someriverine | precipitation Reinforce vulnerable
intensity, risk along road | risk along road | flood risk to potentially leading to structures
maximum 1-day | networksand | networks, the southwest | increased damage to Utilize permeable roads
precipitation west of urban | some risk of of city center | roads and transport and pavements
events center landslides infrastructure Increase the height
and pluvial because of floods, and setback of flood
flooding mudslides, landslides, defenses and dikes
and avalanches
Moderate Medium High Intense heat waves Use road construction
increase in Problematic in urban centers, Risk and increased materials that are more
maximum along road networks concentrated | temperatures resistant to heat®
temperatures in large urban | potentially Use road construction
and frequency of centers affecting transport materials with self-

heat waves

infrastructure and
requiring more
frequent repairs,
as well as affecting
users

healing properties®
Plant trees along
roadsides

Enhance ventilation
and cooling for public
transport systems

continued on next page
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Table 1.6 continued

Projected
Climate Change

Moderate
increase in
minimum yearly
temperatures,
considerable
decrease in
frost days

Buildings

Small increases
in precipitation
intensity,
maximum 1-day
precipitation
events

Moderate
increase in
maximum
temperatures
and frequency of
heat waves

Moderate
increase in
minimum yearly
temperatures,
considerable
decrease in
frost days

Vanadzor Yerevan

Medium

centers

Medium
Riverine flood
risk to the
west of urban
centers

Medium

Medium

centers

Relevance to Area

(Low/Medium/High)

Likely more common in urban

Medium
Limited
riverine flood
risk in urban
centers,
some risk of
landslides
and pluvial
flooding

Most pertinent in urban centers

Likely more common in urban

Medium
Extreme low
temperatures
will be less
frequent, even
less so in warm
city centers

High

High riverine
flood risk in
urban center

High

Risk
concentrated
in large urban
centers

Medium
Extreme low
temperatures
will be less
frequent, even
less so in warm
city centers

Incorporating Climate Resilience in Urban Planning and Policy Making

Potential Impacts
on Infrastructure

Gyumri, Vanadzor, Yerevan

Increases in minimum
temperatures
potentially leading
to a decrease in
frost- and ice-
related damage to
infrastructure

Increased
precipitation
potentially leading
to increased damage
to buildings because
of floods, mudslides,
landslides, and
avalanches

Intense heat waves
and increased
temperatures
potentially affecting
buildings and users

Increases in minimum
temperatures
potentially leading to
a decrease in frost-
and ice-related
damage to buildings

Possible Adaptation
Measures

No adaptation needed to
address climate change
risks, possibly a gain from
climate change to be
realized

* Enhanced drainage
infrastructure to cope
with increased intensity
precipitation events

* SUDSs, e.g,, retention
basins, bioswales

* Daylighting of streams
and river and/or
floodplain restoration

* Protective infrastructure
such as flood barriers,
slope stabilization
measures, and dams

e Bracing technologies
against strong winds

¢ White roofs

* Green roofs and shading
trees

* Alirtight sealing and
double-glazing of glass
windows and doors

¢ Increased thermal mass
of buildings

e Use of heat-reflective
materials to minimize
solar heat gain

¢ Provision of ventilation

* Efficient cooling®

No adaptation needed to
address climate change
risks, possibly a climate
change gain to be realized

continued on next page



Table 1.6 continued

Projected
Climate Change

Small increases
in precipitation
intensity,
maximum 1-day
precipitation
events

Small increase in
drought length,
increase in total
precipitation

Relevance to Area

(Low/Medium/High)

Vanadzor Yerevan

Sanitation, Sewerage, and Water Supply

Medium

Low
Limited drought problems in
area

Low

May be
complicated
by complexities
because of
size of city

Medium

Low total
precipitation
in area, may be
aggravated by

complexities
because of
size of city

Solid Waste Management

Moderate Medium

increase in May be problematic in urban centers

maximum

temperatures

Country Chapters - ARMENIA

Potential Impacts
on Infrastructure

Possible Adaptation
Measures

Gyumri, Vanadzor, Yerevan

Increased extreme
precipitation events
may exceed urban
water cycle capacity

Potentially increased
intensity of droughts
may cause water
shortages

Increased temperature
may require an
improvement of the
waste management
system to cope with
potentially increased
risks of pathogenic
germs to health

Upgrade drainage
and sewerage assets
to increase capacity
for high-intensity
precipitation events
Install SUDSs, e.g.,
bioswales, retention
basins

Consider separating
stormwater and
wastewater

Install treatment
wetlands to support
wastewater treatment
infrastructure

Diversification of water
sources: groundwater
and surface water

Reuse and recycling of
water

Rainwater harvesting
Reuse of wastewater for
agricultural irrigation and
industrial purposes

Enhanced waste
collection, storage, and
processing
Combination of
recycling and reuse,
anaerobic digestion, and
incineration®

SUDS = sustainable urban drainage system.

o

o

Examples include warm mix asphalt and engineered cementitious composites.
Materials with self-healing properties are materials that automatically fill cracks without human intervention. Different materials (including

concretes based on pozzolanic materials, concretes based on cements with added bacteria, and concrete with special coatings) can exhibit this

behavior and may be used for road and bridge construction.
Through the use of (i) efficient air conditioners with low global warming potential refrigerants, efficient chillers, and trigeneration technologies;

o

and (i) information technology to support energy efficiency in buildings using existing assets. Solution (ii) can be a low-cost option with a short
payback period. It could also be considered a mitigation strategy as well as an adaptation measure. In specific locations, heat pumps using river
water as a source of cooling can be a feasible option.

o

Effective, commercially viable technologies exist for anaerobic digestion of waste and incineration for the generation of zero-emission power.

Promotion of such technologies is in line with Armenia’s first nationally determined contribution and could also be considered a mitigation strategy
as well as an adaptation measure.

Source: Asian Development Bank project team.

23



24 Incorporating Climate Resilience in Urban Planning and Policy Making

2. Georgia

2.1 Climate Trends and Risk Analyses: National Level

SUMMARY (2050)

Averages
= Increase in average yearly temperature predicted by all climate models
= No clear signal in predictions for precipitation changes at the national level

Extremes

= |ncreases in maximum yearly temperature and number of days where a temperature of more
than 35 degrees Celsius suggests increasing frequency and intensity of heat waves

= Increases in maximum 1-day precipitation events may increase flood risk

Seasonality
= Increases in average temperatures for all months
= Shift predicted in seasonality of precipitation, with earlier onset of rainy months, more extreme
dry periods in July-September
Spatial distribution
= Southeastern provinces most exposed to temperature increases and extreme heat events
= Western provinces likely to experience increases in precipitation and extreme rainfall events

The Mtkvari River, also known as the Kura River, flows through the Didube district in Tbilisi, Georgia

(photo by Khatia Jijeishvili/ADB).
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Figure 2.1: Past and Future Changes in Temperature and Precipitation
under Medium and High Emissions Scenarios (Georgia)

Historical (ERA5)
RCP45 (NASA-NEX)
RCP85 (NASA-NEX)

25th-75th Percentile of Climate Model Ensemble RCP45
25th-75th Percentile of Climate Model Ensemble RCP85

1980 1990 2000 2010 2020 2030 2040 2050 2060 2070

Year

Historical (ERAS)
RCP45 (NASA-NEX)
RCP85 (NASA-NEX)

25th-75th Percentile of Climate Model Ensemble RCP45
25th-75th Percentile of Climate Model Ensemble RCP85

1980 1990 2000 2010 2020 2030 2040 2050 2060 2070

Year

mm = millimeter, NASA-NEX = NASA Earth Exchange, RCP = representative concentration pathway.

2080

2080

Notes: Shaded areas indicate the 25th and 75th percentiles of climate model ensemble predictions, reflecting the full spread of model predictions.
ERAGS refers to the 5th generation atmospheric reanalysis of the global climate, covering 1950 to the present.

Source: Asian Development Bank project team and consultant experts, using data from ERAS (historical) and NASA-NEX climate model
projections (RCP45 and RCP85).
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Figure 2.2: Per-Province Changes in Temperature and Precipitation
under a Medium Emissions Scenario (Georgia)
Mean Temperature (°C) 24 Annual Precipitation (mm)
23 !
22 g
-1
No. of Days Temperature is >35°C Maximum 1-Day Precipitation (mm) 6
20
5
15
2 :
5
2
100 km
Legend:
1=Abkhazia 3= Guria 5 = Kakheti 7 = Mtskheta-Mtianeti 9 = Samegrelo-Zemo Svaneti 11 = Shida Kartli
2 = Ajaria 4 =Imereti 6 =KvemoKartli 8 =Racha-Lechkhumi- 10 = Samtskhe-Javakhet 12 = Thilisi
Kvemo Svaneti
> = greater than, mm = millimeter, RCP = representative concentration pathway.
Notes: Spatial trends represent changes from the historical (1990) to the future (2050) RCP45 scenario.
ERAGS refers to the 5th generation atmospheric reanalysis of the global climate, covering 1950 to the present.
Source: Asian Development Bank project team and consultant experts, using data from ERA5 and NASA Earth Exchange.

Current landscape of Batumi, a major port city on the coast of the Black Sea in southwest Georgia (photo by Eric Sales/ADB).
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Table 2.1: Summary of National-Level Changes in Future Climate Under Medium
and High Emissions Scenarios (Georgia)

Units A RCP45 A RCP45 ARCP85 A RCP85
Variable [A units] Historic 2030 2050 2030 2050
Average climate trends
Mean Annual Temperature °C[°C] 127 1.3 1.9 1.4 27
[0.8,1.8] [1.5,2.5] [0.9,2] [2,34]
Total Annual Precipitation mm/day [%] 939.9 29 0.7 2.8 0.3)

[97),12]  [(92),131]  [(85),14]  [(I11),116]

Extreme temperature trends

Maximum Annual Temperature °C[°C] 31 2 29 2.2 39
[0.8,31] [1.8,3.9] [11,3.3] [2.7,5.3]
Minimum Annual Temperature °C[°C] (18.8) 1.1 1.6 1.6 23

[(1),3.5] [(0.5),3.8] [(1),3.8] [(0.3),4.6]

Extreme precipitation trends

Maximum 1-Day Precipitation mmj/day [%] 441 4 3.6 2 4.6
[(10.3),19.8] [(12.2),20.7] [(11.8),19.9] [(11),22.8]
Drought Period Length days [days] 19 0.8 1.5 1 3.1

[21),53] [(14),57] [(23),57] [(0.7),8.8]

A = change, () = negative, mm = millimeter, RCP = representative concentration pathway.

Notes: Numbersin brackets represent median values (25th percentile, 75th percentile) of climate model ensemble predictions.
ERAGS refers to the 5th generation atmospheric reanalysis of the global climate, covering 1950 to the present.

Source: Asian Development Bank project team and consultant experts, using data from ERAS (historical) and NASA Earth Exchange climate model
projections (RCP45 and RCP85).

Shoreline rehabilitation and construction of a bypass road, under an ADB-financed program, helped protect the

Black Sea coast and conserve the urban space in this area between Batumi and Kobuleti towns in southwestern Georgia
(photo by Daro Sulakauri/ADB).
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Figure 2.3: Seasonal Changes in Temperature and Precipitation, Historical
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Notes: Historical data represent changes in total monthly precipitation in 1996-2015.
ERADS refers to the 5th generation atmospheric reanalysis of the global climate, covering 1950 to the present.
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Source: Asian Development Bank project team and consultant experts, using data from ERAS (historical) and NASA Earth Exchange climate
model projections (RCP45 and RCP85).
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2.2 Climate Trends and Risk Analyses: Batumi (Ajaria Province)

SUMMARY (2050)

City-scale risk
= Limited risk of extreme heat events across area, increased for urban areas
= Moderate riverine flood risk along road networks, coastal and storm surge flood risks along coastline

National-scale hazards
= Unlikely to experience extreme water stress
= Extreme cold events are unlikely to affect area

Changes in climate
= Moderate increases in maximum yearly temperature will likely increase frequency and intensity of heat waves
= Small increases in maximum 1-day precipitation events may increase flood risk

Extreme precipitation
= The most severe precipitation events predicted by climate model ensemble are of extreme intensity

Sea-level rise
= |ncreases in sea level likely to increase coastal flood risk

Figure 2.4: Current Risk Associated with Extreme Heat and Riverine Flooding (Batumi)

Extreme Heat Flooding

Note: O = norisk, 3 = high risk.

Source: Asian Development Bank project team and consultant experts, using data from the United Nations (population density and gross
domestic product); OpenStreetMap (vulnerability of road networks, buildings, and points of interest); United Nations Office for Disaster Risk
Reduction. 2015. Global Assessment Report on Disaster Risk Reduction 2015. Geneva (1in 100-year flood hazard); and Google Earth Engine (heat
anomaly signals).
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Figure 2.5: Current Hazards Associated with Water Shortage or Drought
and Extreme Cold Events (Batumi)
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Notes: Map shows the spatial distribution of each hazard and the location of the urban area in this context.
ERAGS refers to the 5th generation atmospheric reanalysis of the global climate, covering 1950 to the present.

Source: Asian Development Bank project team and consultant experts, using data from ERAS (drought and extreme low temperature).

Table 2.2: Changes in Future Climate under Medium and High Emissions Scenarios (Batumi)

Units A RCP45 A RCP45 A RCP85 A RCP85
Variable [A units] Historic 2030 2050 2030 2050
Average climate trends
Mean Annual Temperature °C[°C] 13.4 1.3 2 1.5 2.8
[0.9,1.8] [1.5,2.6] [1,21] [21,3.6]
Total Annual Precipitation mm/year [%]  1]151.7 1.8 2 2.2 0.3

[(9.8),124] [(10.5),139] [(9.7),144] [(11.5),13.5]
Extreme temperature trends

Maximum Annual Temperature °C[°C] 305 1.8 2.6 1.9 37
[0.6,3] [1.4,3.9] [0.7,31] [2.3,5.2]
Minimum Annual Temperature °C[°C] azn 1.2 1.6 1.6 2.6

[(1.3),33] [(0.4),3.9] [(0.8),3.7] [0.2,4.6]
Extreme precipitation trends

Maximum 1-Day Precipitation mm/day [%] 524 33 3.1 1.4 6.1
[(15.8),27.4] [(15.5),29.4] [(16.2),27.5] [(13.1),38.5]
Drought Period Length days [days] 16.9 0.9 1.7 0.8 3.2

[(24),5.4] [(1.5),6.5] [(27),5.9] [(0.8),8.4]
Sea-level rise

Projected Sea-Level Rise m 0.21 0.41 0.22 0.44
[0.15,0.27] [0.32,0.5] [017,0.27] [0.35,0.53]

A = change, () = negative, m = meter, mm = millimeter, RCP = representative concentration pathway.
Notes: Numbers in brackets represent median values (25th percentile, 75th percentile) of climate model ensemble predictions.
ERADS refers to the 5th generation atmospheric reanalysis of the global climate, covering 1950 to the present.

Source: Asian Development Bank project team and consultant experts, using data from ERAS (historical) and NASA Earth Exchange climate model
projections (RCP45 and RCP85).
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Figure 2.6: Return Period Analysis of Extreme Precipitation Events (Batumi)
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Recurrence (Years)

Return Period
2 Years 5 Years 10 Years 25 Years 50 Years 100 Years

Historical daily maximum precipitation (mm)

ERAS5 85 151 195 250 291 332
Future (75th percentile of GCM distribution) (mm)

RCP45 2030 93 164 21 271 315 359
RCP45 2050 93 166 213 273 317 361
RCP852030 93 165 213 274 318 363
RCP85 2050 107 188 241 308 359 408

A = change, GCM = global circulation model, mm = millimeter, RCP = representative concentration pathway.

Notes: The analysis represents changes in the yearly maximum 1-day precipitation (RxIday) at various return periods, providing predictions of
future frequencies of extreme precipitation events. It is based on the third quartile (75th percentile) of ensemble predictions and uses
a Gumbel fitting approach to estimate the extreme events. The numbers can be used to inform the design of more climate-resilient
urban infrastructure.
ERAGS refers to the 5th generation atmospheric reanalysis of the global climate, covering 1950 to the present.

Source: Asian Development Bank project team and consultant experts, using data from ERAS (historical) and NASA Earth Exchange climate
model projections (RCP45 and RCP85).
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2.3 Climate Trends and Risk Analyses: Gori (Shida Kartli Province)

SUMMARY (2050)

City-scale risk
" Moderate risk of extreme heat events across area, increased risk in urban center
= High riverine flood risk in urban center, along road networks

National-scale hazards
= Unlikely to experience extreme water stress problems
= Extreme cold events are unlikely to affect area

Changes in climate
= |arge increases in maximum yearly temperature will likely increase frequency and intensity of heat waves
= Small increases in maximum 1-day precipitation events may increase flood risk

Extreme precipitation
= The most severe precipitation events predicted by climate model ensemble are of high intensity

Figure 2.7: Current Risk Associated with Extreme Heat and Riverine Flooding (Gori)

Extreme Heat Flooding

Note: O = norisk, 3 = high risk.

Source: Asian Development Bank project team and consultant experts, using data from the United Nations (population density and gross
domestic product); OpenStreetMap (vulnerability of road networks, buildings, and points of interest); United Nations Office for Disaster Risk
Reduction. 2015. Global Assessment Report on Disaster Risk Reduction 2015. Geneva (1in 100-year flood hazard); and Google Earth Engine (heat
anomaly signals).
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Figure 2.8: Current Hazards Associated with Water Shortage or Drought

and Extreme Cold Events (Gori)
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Notes: Map shows the spatial distribution of each hazard and the location of the urban area in this context.
ERAGS refers to the 5th generation atmospheric reanalysis of the global climate, covering 1950 to the present.

Source: Asian Development Bank project team and consultant experts, using data from ERA5 (drought and extreme low temperature).

Table 2.3: Changes in Future Climate under Medium and High Emissions Scenarios (Gori)

Variable

Average climate trends

Mean Annual Temperature

Total Annual Precipitation

Extreme temperature trends

Maximum Annual Temperature

Minimum Annual Temperature

Extreme precipitation trends

Maximum 1-Day Precipitation

Drought Period Length

Units A RCP45 A RCP45 A RCP85 A RCP85
[A units] Historic 2030 2050 2030 2050
°C[°C] 124 1.3 2 1.5 2.9
[0.8,1.9] [1.5,2.6] [0.9,2.1] [21,3.5]
mm/year [%]  825.9 2.8 0.7 33 0.7)
[(97),131] [(10.7),147] [(9.4),14.7] [(13),131]
°C[°C] 315 2 3.1 23 41
[0.8,3.3] [1.8,4.4] [1,3.6] [2.8,5.6]
°C[°C] (21.2) 1.1 17 17 23
[(1.2),3.8] [(0.4),43] [(1.2), 4] [(0.3),4.8]
mm/day [%] 36.8 3.6 0.4 1.4 4.9
[(135),234] [(16.7),24] [(16.5),20.2] [(13.4),281]
days [days] 18.7 1 1.3 13 3.2
[(2.8),5.9] [(2D),6.3] [(2.8),6.7] [(1.6),8.8]

A = change, () = negative, mm = millimeter, RCP = representative concentration pathway.

Notes: Numbers in brackets represent median values (25th percentile, 75th percentile) of climate model ensemble predictions.
ERAGS refers to the 5th generation atmospheric reanalysis of the global climate, covering 1950 to the present.

Source: Asian Development Bank project team and consultant experts, using data from ERA5 (historical) and NASA Earth Exchange climate model

projections (RCP45 and RCP85).

33



34

Incorporating Climate Resilience in Urban Planning and Policy Making

Figure 2.9: Return Period Analysis of Extreme Precipitation Events (Gori)
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Recurrence (Years)

Return Period
2 Years 5 Years 10 Years 25 Years 50 Years 100 Years

Historical daily maximum precipitation (mm)

ERAS5 49 86 110 141 164 186
Future (75th percentile of GCM distribution) (mm)

RCP45 2030 53 93 120 153 178 203
RCP45 2050 53 93 120 153 178 203
RCP852030 52 91 n7z 150 175 199
RCP85 2050 56 99 128 164 190 217

A = change, GCM = global circulation model, mm = millimeter, RCP = representative concentration pathway.

Notes: The analysis represents changes in the yearly maximum 1-day precipitation (RxIday) at various return periods, providing predictions of
future frequencies of extreme precipitation events. It is based on the third quartile (75th percentile) of ensemble predictions and uses
a Gumbel fitting approach to estimate the extreme events. The numbers can be used to inform the design of more climate-resilient
urban infrastructure.
ERAGS refers to the 5th generation atmospheric reanalysis of the global climate, covering 1950 to the present.

Source: Asian Development Bank project team and consultant experts, using data from ERAS5 (historical) and NASA Earth Exchange climate
model projections (RCP45 and RCP85).
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2.4 Climate Trends and Risk Analyses: Kutaisi (Imereti Province)

SUMMARY (2050)

City-scale risk
" Moderate risk of extreme heat events across area, increased risk in urban center
" Moderate riverine flood risk in urban center, along road networks

National-scale hazards
= Unlikely to experience extreme water stress problems
= Extreme cold events are unlikely to affect area

Changes in climate
= Moderate increases in maximum yearly temperature will likely increase frequency and intensity of heat waves
" Moderate increases in maximum 1-day precipitation events may increase flood risk

Extreme precipitation
= The most severe precipitation events predicted by climate model ensemble are of high intensity

Figure 2.10: Current Risk Associated with Extreme Heat and Riverine Flooding (Kutaisi)

Extreme Heat Flooding

Note: O = norisk, 3 = high risk.

Source: Asian Development Bank project team and consultant experts, using data from the United Nations (population density and gross
domestic product); OpenStreetMap (vulnerability of road networks, buildings, and points of interest); United Nations Office for Disaster Risk
Reduction. 2015. Global Assessment Report on Disaster Risk Reduction 2015. Geneva (1in 100-year flood hazard); and Google Earth Engine (heat
anomaly signals).
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Figure 2.11: Current Hazards Associated with Water Shortage or Drought
and Extreme Cold Events (Kutaisi)
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Notes: Map shows the spatial distribution of each hazard and the location of the urban area in this context.
ERAGS refers to the 5th generation atmospheric reanalysis of the global climate, covering 1950 to the present.

Source: Asian Development Bank project team and consultant experts, using data from ERA5 (drought and extreme low temperature).

Table 2.4: Changes in Future Climate under Medium and High Emissions Scenarios (Kutaisi)

Variable

Average climate trends

Mean Annual Temperature

Total Annual Precipitation

Extreme temperature trends

Maximum Annual Temperature

Minimum Annual Temperature

Extreme precipitation trends

Maximum 1-Day Precipitation

Drought Period Length

Units A RCP45
[A units] Historic 2030
°C[°C] 15.3 1.3
[0.8,1.8]
mm/year [%] 9934 25
[(9.2),13.2]
°C[°C] 329 1.8
[0.6,31]
°C[°C] (16.4) 1
[(1.4),3.5]
mm/day [%] 424 3.9
[(13.6), 25]
days [days] 171 1.1
[(21),61]

A = change, () = negative, mm = millimeter, RCP = representative concentration pathway.

ARCP45 ARCPS5 ARCPS5
2050 2030 2050
2 15 2.8
[15,2.6] [0.9,21] [2,3.5]
1.2 27 0.2
[(94),149] [(7.9),145]  [(11.1),12.5]
2.8 2 3.8
[1.6,4.2] [0.8,3.5] [2.5,5.6]
16 15 23
[0.7),39] [(12),38]  [(0.4),4.8]
33 4.7 7
[(12),292] [(14.7),29.6] [(121),34.6]
18 1.4 3.4
[(17),68]  [(26),61]  [(0.8),89]

Notes: Numbers in brackets represent median values (25th percentile, 75th percentile) of climate model ensemble predictions.
ERAGS refers to the 5th generation atmospheric reanalysis of the global climate, covering 1950 to the present.

Source: Asian Development Bank project team and consultant experts, using data from ERAS (historical) and NASA Earth Exchange climate model

projections (RCP45 and RCP85).
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Figure 2.12: Return Period Analysis of Extreme Precipitation Events (Kutaisi)
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Recurrence (Years)

Return Period
2 Years 5 Years 10 Years 25 Years 50 Years 100 Years

Historical daily maximum precipitation (mm)

ERAS5 63 110 141 180 209 237
Future (75th percentile of GCM distribution) (mm)

RCP45 2030 71 122 156 198 230 262
RCP45 2050 75 129 165 21 245 278
RCP852030 71 124 159 203 236 269
RCP85 2050 77 134 171 218 253 288

A = change, GCM = global circulation model, mm = millimeter, RCP = representative concentration pathway.

Notes: The analysis represents changes in the yearly maximum 1-day precipitation (RxIday) at various return periods, providing predictions of
future frequencies of extreme precipitation events. It is based on the third quartile (75th percentile) of ensemble predictions and uses
a Gumbel fitting approach to estimate the extreme events. The numbers can be used to inform the design of more climate-resilient
urban infrastructure.
ERAGS refers to the 5th generation atmospheric reanalysis of the global climate, covering 1950 to the present.

Source: Asian Development Bank project team and consultant experts, using data from ERAS5 (historical) and NASA Earth Exchange climate
model projections (RCP45 and RCP85).
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2.5 Climate Trends and Risk Analyses: Mestia-Lentekhi
(Samegrelo-Zemo Svaneti Province)

SUMMARY (2050)

City-scale risk
= Limited risk of extreme heat events across area, increased risk in urban center
= Moderate riverine flood risk along road networks

National-scale hazards
= Unlikely to experience extreme water stress problems
= Extreme cold events are most likely to affect north of area

Changes in climate
= |arge increases in maximum yearly temperature will likely increase frequency and intensity of heat waves
" Moderate increases in maximum 1-day precipitation events may increase flood risk

Extreme precipitation
= The most severe precipitation events predicted by climate model ensemble are of high intensity

Figure 2.13: Current Risk Associated with Extreme Heat and Riverine Flooding
(Mestia-Lentekhi)

Extreme Heat Flooding

Note: O = norisk, 3 = high risk.

Source: Asian Development Bank project team and consultant experts, using data from the United Nations (population density and gross
domestic product); OpenStreetMap (vulnerability of road networks, buildings, and points of interest); United Nations Office for Disaster Risk
Reduction. 2015. Global Assessment Report on Disaster Risk Reduction 2015. Geneva (1in 100-year flood hazard); and Google Earth Engine (heat
anomaly signals).
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Figure 2.14: Current Hazards Associated with Water Shortage or Drought
and Extreme Cold Events (Mestia-Lentekhi)

Notes: Map shows the spatial distribution of each hazard and the location of the urban area in this context.
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ERAGS refers to the 5th generation atmospheric reanalysis of the global climate, covering 1950 to the present.
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Source: Asian Development Bank project team and consultant experts, using data from ERA5 (drought and extreme low temperature).

Table 2.5: Changes in Future Climate under Medium and High Emissions Scenarios

Variable
Average climate trends

Mean Annual Temperature

Total Annual Precipitation

Extreme temperature trends

Maximum Annual Temperature

Minimum Annual Temperature

Extreme precipitation trends

Maximum 1-Day Precipitation

Drought Period Length

(Mestia-Lentekhi)

Units A RCP45
[A units] Historic 2030
°C[°C] 10 1.3
[0.8,1.8]
mm/year [%]  992.5 3.2
[(10),13.4]
°C[°C] 28.8 1.8
[0.6,3.2]
°C[°C] (229 1.2
[(1.6),3.6]
mm/day [%] 419 6.8
[(9.71),28.6]
days [days] 17 1
[(2.2),6.3]

A = change, () = negative, mm = millimeter, RCP = representative concentration pathway.

A RCP45
2050

1.9
[15,2.5]
1.2
[(9.4),143]

2.8
[1.6,4.1]
15
[(0.8),4.2]

6.9

[(11.2),26.7]

16
[(1.8),61]

ARCP85
2030

15
[0.9,21]
2.8
[(7.6),15.]

2.1
[0.9,3.4]
14
[(1.1),3.8]

5.9

[(13.5),29.]

1.4

[(2.6),5.8]

Notes: Numbers in brackets represent median values (25th percentile, 75th percentile) of climate model ensemble predictions.
ERAGS refers to the 5th generation atmospheric reanalysis of the global climate, covering 1950 to the present.

Source: Asian Development Bank project team and consultant experts, using data from ERAS (historical) and NASA Earth Exchange climate model

projections (RCP45 and RCP85).

ARCP85
2050

2.7
[2,35]
0.2
[(10.9),14]

3.8
[2.6,5.5]
2.3
[(0.7),4.8]

83

[(10.6), 35.1]

31

[(0.9), 8.6]
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Figure 2.15: Return Period Analysis of Extreme Precipitation Events (Mestia-Lentekhi)
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Recurrence (Years)

Return Period
2 Years 5 Years 10 Years 25 Years 50 Years 100 Years

Historical daily maximum precipitation (mm)

ERAS5 55 96 124 158 184 209
Future (75th percentile of GCM distribution) (mm)

RCP45 2030 60 105 135 173 202 230
RCP45 2050 61 107 138 176 205 233
RCP852030 62 109 140 180 209 238
RCP85 2050 62 109 140 180 209 238

A = change, GCM = global circulation model, mm = millimeter, RCP = representative concentration pathway.

Notes: The analysis represents changes in the yearly maximum 1-day precipitation (RxIday) at various return periods, providing predictions of
future frequencies of extreme precipitation events. It is based on the third quartile (75th percentile) of ensemble predictions and uses
a Gumbel fitting approach to estimate the extreme events. The numbers can be used to inform the design of more climate-resilient
urban infrastructure.

ERAGS refers to the 5th generation atmospheric reanalysis of the global climate, covering 1950 to the present.

Source: Asian Development Bank project team and consultant experts, using data from ERAS5 (historical) and NASA Earth Exchange climate
model projections (RCP45 and RCP85).
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2.6 Climate Trends and Risk Analyses: Northern Kakheti (Kakheti Province)

SUMMARY (2050)

City-scale risk
= Limited risk of extreme heat events across area, increased risk in urban center
= Moderate riverine flood risk along road networks

National-scale hazards
= Unlikely to experience extreme water stress problems
= Extreme cold events are most likely to affect north of area

Changes in climate
= |arge increases in maximum yearly temperature will likely increase frequency and intensity of heat waves
= Moderate increases in maximum 1-day precipitation events may increase flood risk

Extreme precipitation
= The most severe precipitation events predicted by climate model ensemble are of high intensity

Figure 2.16: Current Risk Associated with Extreme Heat and Riverine Flooding
(Northern Kakheti)

Extreme Heat Flooding

Note: O = no risk, 3 = high risk.

Source: Asian Development Bank project team and consultant experts, using data from the United Nations (population density and gross
domestic product); OpenStreetMap (vulnerability of road networks, buildings, and points of interest); United Nations Office for Disaster Risk
Reduction. 2015. Global Assessment Report on Disaster Risk Reduction 2015. Geneva (1in 100-year flood hazard); and Google Earth Engine (heat
anomaly signals).
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Figure 2.17: Current Hazards Associated with Water Shortage or Drought

and Extreme Cold Events (Northern Kakheti)
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Notes: Map shows the spatial distribution of each hazard and the location of the urban area in this context.
ERAGS refers to the 5th generation atmospheric reanalysis of the global climate, covering 1950 to the present.
Source: Asian Development Bank project team and consultant experts, using data from ERAS (drought and extreme low temperature).
Table 2.6: Changes in Future Climate under Medium and High Emissions Scenarios
(Northern Kakheti)
Units A RCP45 A RCP45 A RCP85 A RCP85
Variable [A units] Historic 2030 2050 2030 2050
Average climate trends
Mean Annual Temperature °C[°C] 14.6 1.3 21 1.5 2.8
[0.7,1.8] [15,2.6] [0.8,2.1] [2,3.4]
Total Annual Precipitation mm/year [%]  702.5 1.6 0.3 1.8 1.7)
[(83),139] [(113),134] [(1.8),151] [(15.4),12.5]
Extreme temperature trends
Maximum Annual Temperature °C[°C] 333 21 3.2 24 4.1
[0.9,3.3] [19,4.4] [1.3,3.5] [2.9,5.4]
Minimum Annual Temperature °C[°C] (16.0) 1.1 1.5 1.5 2
[(13),33]  [(08),35] [(13),37] [(0.6),4.2]
Extreme precipitation trends
Maximum 1-Day Precipitation mm/day [%] 36.3 7.8 49 4.1 7.4
[(13.3),28.8] [(15.6),289] [(16.4),27.7] [(15.2),354]
Drought Period Length days [days] 21.8 0.6 13 1.4 33
[33),63] [3®,74]  [(32),71] [(12),9.7]

A = change, () = negative, mm = millimeter, RCP = representative concentration pathway.

Notes: Numbers in brackets represent median values (25th percentile, 75th percentile) of climate model ensemble predictions.
ERAGS refers to the 5th generation atmospheric reanalysis of the global climate, covering 1950 to the present.

Source: Asian Development Bank project team and consultant experts, using data from ERAS (historical) and NASA Earth Exchange climate model

projections (RCP45 and RCP85).
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Figure 2.18: Return Period Analysis of Extreme Precipitation Events (Northern Kakheti)
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Recurrence (Years)

Return Period
2 Years 5 Years 10 Years 25 Years 50 Years 100 Years

Historical daily maximum precipitation (mm)

ERAS5 36 63 81 104 121 138
Future (75th percentile of GCM distribution) (mm)

RCP45 2030 39 68 87 112 130 149
RCP45 2050 39 68 87 m 129 147
RCP852030 39 69 88 13 131 149
RCP85 2050 40 70 90 15 133 152

A = change, GCM = global circulation model, mm = millimeter, RCP = representative concentration pathway.

Notes: The analysis represents changes in the yearly maximum 1-day precipitation (Rx1day) at various return periods, providing predictions of
future frequencies of extreme precipitation events. It is based on the third quartile (75th percentile) of ensemble predictions and uses
a Gumbel fitting approach to estimate the extreme events. The numbers can be used to inform the design of more climate-resilient
urban infrastructure.
ERAGS refers to the 5th generation atmospheric reanalysis of the global climate, covering 1950 to the present.

Source: Asian Development Bank project team and consultant experts, using data from ERAS5 (historical) and NASA Earth Exchange climate
model projections (RCP45 and RCP85).
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2.7 Climate Trends and Risk Analyses: Poti (Samegrelo-Zemo
Svaneti Province)

SUMMARY (2050)

City-scale risk
= Limited risk of extreme heat events across area, increased risk in urban center
" Moderate riverine flood risk along road networks, coastal and storm surge flood risks along coastline

National-scale hazards
= Unlikely to experience extreme water stress
= Extreme cold events are unlikely to affect area

Changes in climate
" Moderate increases in maximum yearly temperature will likely increase frequency and intensity of heat waves
= Moderate increases in maximum 1-day precipitation events may increase flood risk

Extreme precipitation
= The most severe precipitation events predicted by climate model ensemble are of high intensity

Sea-level rise
= |ncreases in sea level likely to increase coastal flood risk

Figure 2.19: Current Risk Associated with Extreme Heat and Riverine Flooding (Poti)

Extreme Heat Flooding

Note: O = norisk, 3 = high risk.

Source: Asian Development Bank project team and consultant experts, using data from the United Nations (population density and gross
domestic product); OpenStreetMap (vulnerability of road networks, buildings, and points of interest); United Nations Office for Disaster Risk
Reduction. 2015. Global Assessment Report on Disaster Risk Reduction 2015. Geneva (1in 100-year flood hazard); and Google Earth Engine (heat
anomaly signals).
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Figure 2.20: Current Hazards Associated with Water Shortage or Drought

and Extreme Cold Events (Poti)
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Notes: Map shows the spatial distribution of each hazard and the location of the urban area in this context.
ERAGS refers to the 5th generation atmospheric reanalysis of the global climate, covering 1950 to the present.

Source: Asian Development Bank project team and consultant experts, using data from ERA5 (drought and extreme low temperature).

Table 2.7: Changes in Future Climate under Medium and High Emissions Scenarios (Poti)

Variable
Average climate trends

Mean Annual Temperature

Total Annual Precipitation

Extreme temperature trends

Maximum Annual Temperature

Minimum Annual Temperature

Extreme precipitation trends

Maximum 1-Day Precipitation

Drought Period Length

Sea-level rise

Projected Sea-Level Rise

Units A RCP45 A RCP45 ARCP85 A RCP85
[A units] Historic 2030 2050 2030 2050
°C[°C] 16.2 1.3 1.9 1.5 27
[0.8,1.8] [14,2.5] [1,21] [2,3.5]
mm/year [%]  1,367.9 2.2 2.6 33 0.7
[(91),13.7] [(10),151] [(9.5),14.6] [(11.4),14.4]
°C[°C] 321 1.9 2.6 2 37
[0.7,3] [15,3.9] [0.8,3.2] [2.4,5.2]
°C[°C] (12.8) 1.3 1.7 1.7 2.6
[(1.3),35]  [(04),41] [(07),3.8] [0,47]
mm/day [%] 61.6 5.3 6.5 5.9 8.6
[(14.8),30.2] [(12.1),315]  [(13.3),315] [(11.3),38.4]
days [days] 15.4 1 1.9 0.7 3.1
[(,53]  [13),6] [23),54] [(04),81]
m 0.21 0.41 0.22 0.44
[0.15,0.27] [0.32,0.5] [017,0.27] [0.35,0.53]

A = change, () = negative, m = meter, mm = millimeter, RCP = representative concentration pathway.

Notes: Numbers in brackets represent median values (25th percentile, 75th percentile) of climate model ensemble predictions.
ERAGS refers to the 5th generation atmospheric reanalysis of the global climate, covering 1950 to the present.

Source: Asian Development Bank project team and consultant experts, using data from ERAS (historical) and NASA Earth Exchange climate model

projections (RCP45 and RCP85).
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A = change, GCM = global circulation model, mm = millimeter, RCP = representative concentration pathway.

ERAGS refers to the 5th generation atmospheric reanalysis of the global climate, covering 1950 to the present.

Figure 2.21: Return Period Analysis of Extreme Precipitation Events (Poti)
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Notes: The analysis represents changes in the yearly maximum 1-day precipitation (Rx1day) at various return periods, providing predictions of
future frequencies of extreme precipitation events. It is based on the third quartile (75th percentile) of ensemble predictions and uses
a Gumbel fitting approach to estimate the extreme events. The numbers can be used to inform the design of more climate-resilient

Source: Asian Development Bank project team and consultant experts, using data from ERAS5 (historical) and NASA Earth Exchange climate
model projections (RCP45 and RCP85).
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2.8 Climate Trends and Risk Analyses: Thilisi (Tbilisi Province)

SUMMARY (2050)

City-scale risk
" Moderate risk of extreme heat, concentrated in urban center
" Moderate riverine flood risk in many areas of the urban center, roads to north and south

National-scale hazards
= Unlikely to experience water stress problems
= Area unlikely to be exposed to extreme cold events

Changes in climate
= Moderate increases in maximum yearly temperature; increasing frequency and intensity of heat waves
= Moderate increases in maximum 1-day precipitation events may increase flood risk

Extreme precipitation
= The most severe precipitation events predicted by climate model ensemble are of moderate intensity

Figure 2.22: Current Risk Associated with Extreme Heat and Riverine Flooding (Tbilisi)

Extreme Heat Flooding

Note: O = norisk, 3 = high risk.

Source: Asian Development Bank project team and consultant experts, using data from the United Nations (population density and gross
domestic product); OpenStreetMap (vulnerability of road networks, buildings, and points of interest); United Nations Office for Disaster Risk
Reduction. 2015. Global Assessment Report on Disaster Risk Reduction 2015. Geneva (1in 100-year flood hazard); and Google Earth Engine (heat
anomaly signals).
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and Extreme Cold Events (Tbilisi)
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Notes: Map shows the spatial distribution of each hazard and the location of the urban area in this context.
ERAGS refers to the 5th generation atmospheric reanalysis of the global climate, covering 1950 to the present.

Figure 2.23: Current Hazards Associated with Water Shortage or Drought
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Source: Asian Development Bank project team and consultant experts, using data from ERA5 (drought and extreme low temperature).

Table 2.8: Changes in Future Climate under Medium and High Emissions Scenarios (Tbilisi)

Variable

Average climate trends

Mean Annual Temperature

Total Annual Precipitation

Extreme temperature trends

Maximum Annual Temperature

Minimum Annual Temperature

Extreme precipitation trends

Maximum 1-Day Precipitation

Drought Period Length

Units
[A units] Historic
°C[°C] 12.7
mm/year [%]  939.9
°C[°C] 31
°C[°C] (18.8)

mm/day [%] 441

days [days] 19

ARCP45  ARCP45
2030 2050
13 19
[0.8,18] [15,2.5]
2.9 0.7
[97),12]  [(9.2),131]
2 2.9
[0.8,31] [1.8,3.9]
11 16
[D,35]  [(05),3.8]
4 3.6
[(10.3),19.8] [(12.2),20.7]
0.8 15
[21),53]  [(14),5.7]

A = change, () = negative, mm = millimeter, RCP = representative concentration pathway.

ARCP85
2030

14
[0.9,2]
2.8
[(8.5),14]

2.2
[11,3.3]
16
[(),3.8]

2
[(11.8),19.9]
1
[(23),5.7]

Notes: Numbers in brackets represent median values (25th percentile, 75th percentile) of climate model ensemble predictions.
ERADS refers to the 5th generation atmospheric reanalysis of the global climate, covering 1950 to the present.

Source: Asian Development Bank project team and consultant experts, using data from ERAS (historical) and NASA Earth Exchange climate model

projections (RCP45 and RCP85).

ARCP85
2050

27
[2,34]
(0.3)
[(11.1), 11.6]

3.9
[27,53]
2.3
[(0.3),4.6]

4.6
[(11), 22.8]
3.1
[(0.7),8.8]




Country Chapters - GEORGIA

Figure 2.24: Return Period Analysis of Extreme Precipitation Events (Thbilisi)
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Return Period
2 Years 5 Years 10 Years 25 Years 50 Years 100 Years

Historical daily maximum precipitation (mm)

ERAS5 33 58 74 95 110 125
Future (75th percentile of GCM distribution) (mm)

RCP45 2030 36 62 80 102 119 135
RCP45 2050 36 62 80 101 118 134
RCP852030 36 64 82 105 122 139
RCP85 2050 38 66 84 107 124 141

A = change, GCM = global circulation model, mm = millimeter, RCP = representative concentration pathway.

Notes: The analysis represents changes in the yearly maximum 1-day precipitation (RxIday) at various return periods, providing predictions of
future frequencies of extreme precipitation events. It is based on the third quartile (75th percentile) of ensemble predictions and uses
a Gumbel fitting approach to estimate the extreme events. The numbers can be used to inform the design of more climate-resilient
urban infrastructure.
ERAGS refers to the 5th generation atmospheric reanalysis of the global climate, covering 1950 to the present.

Source: Asian Development Bank project team and consultant experts, using data from ERAS5 (historical) and NASA Earth Exchange climate
model projections (RCP45 and RCP85).
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2.9 Climate Trends and Risk Analyses: Zugdidi (Samegrelo-Zemo
Svaneti Province)

SUMMARY (2050)

City-scale risk
= Limited risk of extreme heat events across area, increased risk in urban center
" Moderate riverine flood risk along road networks

National-scale hazards
= Unlikely to experience extreme water stress problems
= Extreme cold events are most likely to affect north of area

Changes in climate
= Large increases in maximum yearly temperature will likely increase frequency and intensity of heat waves
= Moderate increases in maximum 1-day precipitation events may increase flood risk

Extreme precipitation
= The most severe precipitation events predicted by climate model ensemble are of extreme intensity

Figure 2.25: Current Risk Associated with Extreme Heat and Riverine Flooding (Zugdidi)

Extreme Heat Flooding

Notes: O = no risk, 3 = high risk. The different spelling of Zugdidi in the risk maps is from the OpenStreetMap base map labels.

Source: Asian Development Bank project team and consultant experts, using data from the United Nations (population density and gross
domestic product); OpenStreetMap (vulnerability of road networks, buildings, and points of interest); United Nations Office for Disaster Risk
Reduction. 2015. Global Assessment Report on Disaster Risk Reduction 2015. Geneva (1in 100-year flood hazard); and Google Earth Engine (heat
anomaly signals).
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Figure 2.26: Current Hazards Associated with Water Shortage or Drought
and Extreme Cold Events (Zugdidi)
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Notes: Map shows the spatial distribution of each hazard and the location of the urban area in this context.
ERAGS refers to the 5th generation atmospheric reanalysis of the global climate, covering 1950 to the present.

Source: Asian Development Bank project team and consultant experts, using data from ERA5 (drought and extreme low temperature).

Table 2.9: Changes in Future Climate under Medium and High Emissions Scenarios (Zugdidi)

Units A RCP45 A RCP45 ARCP85 A RCP85
Variable [A units] Historic 2030 2050 2030 2050
Average climate trends
Mean Annual Temperature °C[°C] 126 1.3 1.9 1.4 27
[0.7,1.8] [1.4,2.4] [0.9,2] [1.9,34]
Total Annual Precipitation mm/year [%] 1,269 3.6 23 34 0.3)

[(96),139] [(9.6),144] [(8.8),149] [(11.2),13.2]
Extreme temperature trends

Maximum Annual Temperature °C[°C] 298 19 2.7 2.1 37
[0.6,3] [1.5,3.8] [0.9,3.2] [2.4,53]
Minimum Annual Temperature °C[°C] a7.7) 1.1 1.6 13 24

[(1.5),3.5] [(0.6),4] [(M,3.7] [(0.4),4.7]
Extreme precipitation trends

Maximum 1-Day Precipitation mm/day [%] 55.4 7.6 6.8 5.7 6.5
[(10.3),25.5] [(12.6),25.8] [(12.2),29.7] [(10.6),30.6]
Drought Period Length days [days] 16.1 0.9 1.1 0.9 3.1

[22),53] [(17),55] [(24),52] [(0.9),75]

A = change, () = negative, mm = millimeter, RCP = representative concentration pathway.

Notes: Numbers in brackets represent median values (25th percentile, 75th percentile) of climate model ensemble predictions.
ERADS refers to the 5th generation atmospheric reanalysis of the global climate, covering 1950 to the present.

Source: Asian Development Bank project team and consultant experts, using data from ERAS (historical) and NASA Earth Exchange climate model
projections (RCP45 and RCP85).
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Figure 2.27: Return Period Analysis of Extreme Precipitation Events (Zugdidi)

ERAS
RCP45
RCP85
250 2030
2050
T
E 200
f
.©
s
a
g 150
[
100
2 5 10 25 50 100
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Return Period
2 Years 5 Years 10 Years 25 Years 50 Years 100 Years

Historical daily maximum precipitation (mm)

ERAS5 65 114 146 187 217 247
Future (75th percentile of GCM distribution) (mm)

RCP45 2030 74 128 164 210 244 277
RCP45 2050 74 128 164 210 243 277
RCP852030 73 127 163 208 242 275
RCP85 2050 76 133 171 218 253 288

A = change, GCM = global circulation model, mm = millimeter, RCP = representative concentration pathway.

Notes: The analysis represents changes in the yearly maximum 1-day precipitation (RxIday) at various return periods, providing predictions of
future frequencies of extreme precipitation events. It is based on the third quartile (75th percentile) of ensemble predictions and uses
a Gumbel fitting approach to estimate the extreme events. The numbers can be used to inform the design of more climate-resilient
urban infrastructure.
ERAGS refers to the 5th generation atmospheric reanalysis of the global climate, covering 1950 to the present.

Source: Asian Development Bank project team and consultant experts, using data from ERAS5 (historical) and NASA Earth Exchange climate
model projections (RCP45 and RCP85).
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2.10 Options for Mainstreaming Climate Change in Urban Planning

Key Considerations in Selected Subsectors

Adaptation starts at the planning stage. Taking climate change risks into account in both land-use
planning and siting of infrastructure is of paramount importance, as is answering questions such
as “Which infrastructure projects are needed to enhance urban climate resilience?” And “Is this
project appropriate within the urban risk context¢”

Table 2.10 provides some specific measures that may be considered in the planning process at the
national level. The focus of this table is on key subsectors that may be affected by climate change
and correspond to the priority areas of ADB investment. Although relevant, health and energy are
beyond the scope of this profile.

Table 2.10: Planning Considerations for Selected Urban Subsectors

Projected
Climate Change

Relevance to Area
(Low/Medium/High)?

Transport Infrastructure

Small to moderate
increases in
precipitation
intensity and
maximum 1-day
precipitation events

Moderate increase
in maximum
temperatures and
frequency of heat
waves

Moderate increase

in minimum yearly
temperatures,
considerable
decrease in frost days

High

High precipitation in
the country will likely
cause problems along
large river channels.
The northeastern
provinces, with steep
topography, and coastal
provinces, with intense
precipitation, are
especially at risk.

Georgia does not
experience extreme heat
regularly. Urban centers
are at risk of urban heat
island effect.

Most likely to be a
consideration in higher
elevation areas to north
and south.

Potential Impacts
on Infrastructure

Increased precipitation
potentially leading to
increased damage to
roads and transport
infrastructure due

to floods, mudslides,
landslides, and avalanches

Intense heat waves and
increased temperatures
potentially affecting
transport infrastructure
and requiring more
frequent repairs, as well
as affecting users

Increases in minimum
temperatures potentially
leading to a decrease in
frost- and ice-related
damage to infrastructure

Possible Planning
Considerations and/or Actions

¢ Take account of flooding risks in
decisions regarding the siting of
roads and rails and related transport
infrastructure

* Incorporate blue and green spaces in
planning to cope with excess water

* Encourage mixed-use, vertical, and
compact development as opposed to
urban sprawl to reduce dependence on
car-centric lifestyles

Encourage the use of nature-based
solutions,® such as tree planting, creation
of urban water bodies, and green roofs to
reduce the urban heat island effect

No adaptation needed to address climate
change risks, possibly a gain from climate
change to be realized

continued on next page
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Table 2.10 continued

Projected
Climate Change

Buildings

Small to moderate
increases in
precipitation
intensity, maximum
1-day precipitation
events

Moderate increase
in maximum
temperatures and
frequency of heat
waves

Moderate increase

in minimum yearly
temperatures,
considerable
decrease in frost days

Sanitation, Sewerage,

Moderate increases
in precipitation
intensity, maximum
1-day precipitation
events

Small increase in
drought length,
decrease or small
increase in total
precipitation

Relevance to Area
(Low/Medium/High)?

High

High precipitation will
likely cause problems
along large river channels.
Northeastern provinces,
with steep topography,
and coastal provinces, with
intense precipitation, are
especially vulnerable.

Georgia does not
regularly experience
extreme heat; however,
extreme heat may be
anissue in large urban
centers.

This is most likely to
be anissue in higher
elevation areas to the
north and south.

and Water Supply
High
This could lead to high
precipitation nationwide,
although it is likely to
be more of an issue
in northeastern and
coastal areas with high
precipitation in expansive
urban areas.

Low

Georgia is not especially
water stressed, and
therefore may be less
prepared for increases in
intensity and frequency
of drought.

Incorporating Climate Resilience in Urban Planning and Policy Making

Potential Impacts
on Infrastructure

Increased precipitation
potentially leading to
increased damage to
buildings due to floods,
mudslides, landslides,
and avalanches

Intense heat waves and
increased temperatures
potentially affecting
buildings and users

Increases in minimum
temperatures potentially
leading to a decrease in
frost- and ice-related
damage to buildings

Increased extreme
precipitation events may
exceed urban water cycle
capacity

Increased intensity of
droughts may cause
water shortages

Possible Planning
Considerations and/or Actions

+ Climate-informed land-use planning
(e.g., siting of buildings)

* Climate-resilient building codes

* Upgrading of existing surface
water management and drainage
infrastructure for increased intensity
precipitation events

* Incorporation of SUDS features in the
planning process

* Early warning systems

¢ Building guidelines to improve tempera-
ture regulation in buildings and encourage
the use of heat-resistant materials

* Green-blue infrastructure such as urban
greenspace, water features, green roofs,
and shading trees

No adaptation needed to address climate
change risks, possibly a gain from climate
change to be realized

* Enhance land-use planning focusing
on increasing percentage of permeable
and semipermeable greenspace and
creating water storage and retention in
urban areas®

» Upgrade capacity of sewerage networks

* Shift from combined sewerage and
drainage networks to separate systems

* Incorporate SUDSs in drainage planning

* Develop and implement climate-
resilient drainage and wastewater
management plans

* Increased water efficiency (loss
reduction) in infrastructure

* Demand management measures®

* Diversification of water supply, water
recycling, and use of alternative water
resources®

* Implementation of drought
management and early warning
strategies

continued on next page
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Table 2.10 continued

Projected Relevance to Area Potential Impacts Possible Planning
Climate Change (Low/Medium/High)? on Infrastructure Considerations and/or Actions
Solid Waste
Moderate increase Increased temperature * 3Rs (reduce, reuse, and recycling)
in maximum annual | Most likely to be anissue = may require an awareness raising and waste
temperatures. in higher elevation areas | improvement of the minimization campaigns
to the north and south waste management * Upgrading of landfill sites to avoid
where the climate may system to cope with mobilization of pollutants and reduce
become milder. potentially increased risks methane emissions
of pathogenic germs to
health

SUDS = sustainable urban drainage system.

* Relevance ratings are determined by expert judgment based on relevant datasets presented in the climate risk profiles.

® More guidance may be obtained from J. Matthews and E. O. Dela Cruz. 2022. Integrating Nature-Based Solutions for Climate Change Adaptation and
Disaster Risk Management: A Practitioner’s Guide. Manila: ADB.

¢ See the “sponge city” concept piloted in several cities in the People’s Republic of China with support from ADB. ADB. 2017. Piloting “Sponge Cities”
in the People’s Republic of China. Project result/case study. 13 January.

4 This includes a variety of measures such as tariffs, pricing, user controls, awareness raising, and smart network monitoring.

¢ There exist technologies that can use brackish water or wastewater as inputs and produce a combination of food (aquaculture products,
vegetables, animal feed) and clean water. Applicability for Georgia would need to be assessed. The advantage of such technology is that it involves
an ecosystem-based approach in line with Georgia’s nationally determined contribution.

Source: Asian Development Bank project team.

Considerations on Enabling Environment, Local Government Planning, and
Operation and Maintenance

Prompt action on other general considerations relating to planning and O&M can enhance urban
climate resiliency building in Georgia. Some of these considerations are listed below.

Enabling environment for climate resilience planning

The central government can consider the following measures:

Ensure that local governments and stakeholders are equipped with adequate data,
information, and skills that will help them respond to the impacts of climate change.

This could be in the form of data portals and knowledge-sharing workshops.

Ensure that cities coping with climate change have sufficient access to finance, for example,
by providing access to international climate finance through applications by the central
government to financing sources such as the Green Climate Fund.

Ensure that individuals and communities affected by climate change-related hazards can
recover and rebuild as quickly as possible via access to insurance and national government
support programs.

Develop building codes and standards for infrastructure that consider changes in climate,
such as new flood return periods.

Introduce and institutionalize risk-based land use and open space planning. Introduce
blue-green resilience networks and nature-based solutions as a first step in spatial planning.
Initiate and sustain benchmarking and monitoring of efforts across cities and local
government jurisdictions, facilitating knowledge transfer between these parties.
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Local government planning

Local governments may wish to consider the measures below.

Take account of how expected climate change interacts with the cities’ development visions
and how expected climate change may impact the relative viability of investments. This is
especially relevant to assess the performance of built assets over their respective project life
cycles.

Develop climate hazard maps to guide urban development, e.g,, to integrate flood risks into
urban spatial planning. This requires local-scale, higher-resolution modeling to better map
the influence on hazards of a full envelope of likely changes in climate.

Ensure that individuals and communities at risk to climate-related hazards are aware of the
risks they are exposed to and how these may change in the future. This could be achieved via
community outreach and digital applications.

Climate hazard information should be factored into the design and implementation of
development regulation instruments, such as zoning, land subdivision, and building codes.
This will help reduce climate change vulnerability and avoid the expansion of development to
high-risk areas.

Adopt, implement, and enforce building codes and standards for infrastructure that consider
changes in climate, such as new flood return periods.

Promote the development of early warning systems and climate change-related disaster
response strategies (often as part of a more comprehensive disaster response strategy).
Initiate community-level education programs for disaster preparedness. These should focus
on preparing communities for situations in which authorities and emergency services are
unable to access affected areas to provide critical assistance in the aftermath of a disaster.
Undertake institutional strengthening for climate action through reform of responsibilities
and creation of a high-level climate change office under the governor and mayor and cross-
departmental working groups.

Operation and maintenance

Adequate O&M is as important as up-front capital investments to ensure resilience of
infrastructure and other physical assets to climate risk. Key considerations relating to O&M include
the following:

Ensure that risk-informed O&M is considered from the earliest stages of planning and design
for new infrastructure projects.

Update existing O&M plans to reflect changes in precipitation and temperature, which may
necessitate more frequent maintenance or changes in operational practices.

Create backup emergency infrastructure in case of failure in key infrastructure, e.g., the
maintenance of emergency generators in case of power failure.

Ensure regular inspection and maintenance of infrastructure relating to hazard protection,
e.g., flood protection structures.

Implement smart monitoring strategies and the Internet of Things, which collect, centralize,
and review data relating to hydrometeorology and key infrastructure.

Implement risk-informed preventive maintenance, which may be a highly feasible and
cost-effective approach for ensuring overall network resilience.

Prioritize the O&M of telecommunication networks, which play a critical role in disaster
response efforts.
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3. Uzbekistan

3.1 Climate Trends and Risk Analyses: National Level

SUMMARY (2050)

Averages
= Increase in average yearly temperature predicted by all climate models
= No clear signal in predictions for precipitation changes at the national level

Extremes

= Increases in maximum yearly temperature and number of days where a temperature of more
than 35 degrees Celsius suggests increasing frequency and intensity of heat waves
" Moderate increases in maximum 1-day precipitation events may lead to increased flood risk

Seasonality
= Increases in average temperatures for all months
= Little shift in the seasonality of precipitation

Spatial distribution

= Eastern provinces likely to experience greatest increases in temperature, western provinces
greatest increases in extreme heat events

= Eastern provinces likely to experience greatest increases in precipitation and extreme rainfall events

Bibi Khanym Mosque in Samarkand, Uzbekistan (photo by Eric Sales/ADB).
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Figure 3.1: Past and Future Changes in Temperature and Precipitation
under Medium and High Emissions Scenarios (Uzbekistan)
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Notes: Shaded areas indicate the 25th and 75th percentiles of climate model ensemble predictions, reflecting the full spread of model predictions.
ERAGS refers to the 5th generation atmospheric reanalysis of the global climate, covering 1950 to the present.

Source: Asian Development Bank project team and consultant experts, using data from ERAS (historical) and NASA-NEX climate model
projections (RCP45 and RCP85).
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Figure 3.2: Per-Province Changes in Temperature and Precipitation
under a Medium Emissions Scenario (Uzbekistan)
Mean Temperature (°C) Annual Precipitation (mm)
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No. of Days Temperature is >35°C - Maximum 1-Day Precipitation (mm) 16
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Legend:
1=Andijon 3 =Ferghana 5 =Karakalpakstan 7 =Khorezm 9 = Navoi 11 = Sirdaryo 13 = Tashkent
2 = Bukhoro 4 = Jizzakh 6 = Kashkadarya 8=Namangan 10 =Samarkand 12 = Surkhandarya 14 = Tashkent City
> = greater than, mm = millimeter, RCP = representative concentration pathway.
Notes: Spatial trends represent changes from the historical (1990) to the future (2050) RCP45 scenario.
ERAGS refers to the 5th generation atmospheric reanalysis of the global climate, covering 1950 to the present.
Source: Asian Development Bank project team and consultant experts, using data from ERAS and NASA Earth Exchange.

A warm day in Khiva, an old town along the Silk Road in Uzbekistan (photo by Relisa Granovskaya/ADB).
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Table 3.1: Summary of National-Level Changes in Future Climate under Medium

and High Emissions Scenarios (Uzbekistan)

Average climate trends

Mean Annual Temperature °C[°C] 137 1.4 21 1.5 27
[0.2,24] [1,3.2] [0.5,2.6] [1.2,3.9]
Total Annual Precipitation mm/day [%]  273.5 3.6 1.8 (0.2) 1.5
[(25.2),389] [(282),39.3] [(29.8),38] [(30.5),38.9]
Extreme temperature trends
Maximum Annual Temperature °C[°C] 393 1.6 23 1.8 3
[0.3,31] [0.8,4] [0.4,3.5] [1.5,4.8]
Minimum Annual Temperature °C[°C] (17.2) 1.7 24 2.1 33
[(3.8),6.2] [(2.9),6.3] [(37),6] [(2.2),7]
Extreme precipitation trends
Maximum 1-Day Precipitation mm/day [%] 17.6 3.2 7.7 35 7.1
[(25),417] [(2371),413] [(277),463] [(22.3),48.2]
Drought Period Length days [days] 151.7 0.2) 0.4 1.7 2.9
[(12.9),185] [(12.2),19.5] [(12.8),19.6] [(11.9),27.9]

A = change, () = negative, mm = millimeter, RCP = representative concentration pathway.

Notes: Numbers in brackets represent median values (25th percentile, 75th percentile) of climate model ensemble predictions.
ERAGS refers to the 5th generation atmospheric reanalysis of the global climate, covering 1950 to the present.

Source: Asian Development Bank project team and consultant experts, using data from ERAS (historical) and NASA Earth Exchange climate model

projections (RCP45 and RCP85).

The operation and maintenance of buildings in Tashkent and other urban centers in Uzbekistan should consider the

projected more frequent and intense heat waves from an energy efficiency perspective (photo by Relisa Granovskaya/ADB).

65



66

Incorporating Climate Resilience in Urban Planning and Policy Making

Figure 3.3: Seasonal Changes in Temperature and Precipitation, Historical
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Source: Asian Development Bank project team and consultant experts, using data from ERAS (historical) and NASA Earth Exchange climate
model projections (RCP45 and RCP85).
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3.2 Climate Trends and Risk Analyses: Djizzak (Jizzakh Province)

SUMMARY (2050)

City-scale risk
= High risk of extreme heat, concentrated in urban areas
= Flooding may be an issue, with areas to west and east of urban center exposed to risk

National-scale hazards
= Likely to experience water stress problems
= Area likely frequently exposed to extreme cold events

Changes in climate
" Moderate increases in maximum yearly temperature increasing frequency and intensity of heat waves
= Large increases in maximum 1-day precipitation events may increase flood risk

Extreme precipitation
= The most severe precipitation events predicted by climate model ensemble are of moderate intensity

Figure 3.4: Current Risk Associated with Extreme Heat and Riverine Flooding (Djizzak)

Extreme Heat Flooding

Note: O = norisk, 3 = high risk.

Source: Asian Development Bank project team and consultant experts, using data from the United Nations (population density and gross
domestic product); OpenStreetMap (vulnerability of road networks, buildings, and points of interest); United Nations Office for Disaster Risk
Reduction. 2015. Global Assessment Report on Disaster Risk Reduction 2015. Geneva (1in 100-year flood hazard); and Google Earth Engine (heat
anomaly signals).
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Figure 3.5: Current Hazards Associated with Water Shortage or Drought
and Extreme Cold Events (Djizzak)
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.Notes: Map shows the spatial distribution of each hazard and the location of the urban area in this context.
ERAGS refers to the 5th generation atmospheric reanalysis of the global climate, covering 1950 to the present.

Source: Asian Development Bank project team and consultant experts, using data from ERA5 (drought and extreme low temperature).

Table 3.2: Changes in Future Climate under Medium and High Emissions Scenarios (Djizzak)

Variable
Average climate trends

Mean Annual Temperature

Total Annual Precipitation

Extreme temperature trends

Maximum Annual Temperature

Minimum Annual Temperature

Extreme precipitation trends

Maximum 1-Day Precipitation

Drought Period Length

Units A RCP45 A RCP45 A RCP85 A RCP85
[A units] Historic 2030 2050 2030 2050
°C[°C] 19.3 1.4 2 1.5 2.6
[0.8,1.9] [1.5,2.7] [1,21] [1.9,3.5]
mm/year [%]  369.4 3 2 (1.0) 1
[(12.4),23.4] [(15.8),22.9] [(17.5),18.7] [(16.8),22.7]
°C[°C] 38 1.5 24 1.9 3.1
[0.7,2.5] [1.4,3.5] [0.9,3] [2.2,4.3]
°C[°C] (13.9) 1.8 2.2 1.9 3
[(0.9),4.1] [(0.5),46] [(0.6),4.5] [0.5,5.2]
mm/day [%] 29.6 6.3 11.8 7.1 13.4
[(16.8),32] [(14.8),38.5] [(17.8),35.2] [(10.5),41.2]
days [days] 129.8 3.6 24 33 5.7
[(61),14.4] [(65),11.6] [(84),144] [(3.8),16.6]

A = change, () = negative, mm = millimeter, RCP = representative concentration pathway.

Notes: Numbers in brackets represent median values (25th percentile, 75th percentile) of climate model ensemble predictions.
ERADS refers to the 5th generation atmospheric reanalysis of the global climate, covering 1950 to the present.

Source: Asian Development Bank project team and consultant experts, using data from ERAS (historical) and NASA Earth Exchange climate model

projections (RCP45 and RCP85).
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Figure 3.6: Return Period Analysis of Extreme Precipitation Events (Djizzak)
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Historical daily maximum precipitation (mm)
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Future (75th percentile of GCM distribution) (mm)

RCP45 2030 35 60 77 98 13 129
RCP45 2050 38 64 82 105 123 140
RCP852030 36 61 78 100 15 131
RCP85 2050 39 68 87 m 128 146

A = change, GCM = global circulation model, mm = millimeter, RCP = representative concentration pathway.

Notes: The analysis represents changes in the yearly maximum 1-day precipitation (RxIday) at various return periods, providing predictions of
future frequencies of extreme precipitation events. It is based on the third quartile (75th percentile) of ensemble predictions and uses
a Gumbel fitting approach to estimate the extreme events. The numbers can be used to inform the design of more climate-resilient
urban infrastructure.
ERAGS refers to the 5th generation atmospheric reanalysis of the global climate, covering 1950 to the present.

Source: Asian Development Bank project team and consultant experts, using data from ERAS (historical) and NASA Earth Exchange climate
model projections (RCP45 and RCP85).
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3.3 Climate Trends and Risk Analyses: Khiva (Khorezm Province)

SUMMARY (2050)

City-scale risk
= High risk of extreme heat events in urban areas
= Low risk of flooding in urban areas

National-scale hazards
= Likely to experience extreme water scarcity issues
= Area likely to be frequently exposed to extreme cold events

Changes in climate
" Moderate increase in maximum yearly temperature increasing frequency and intensity of heat waves

= |large increase in total precipitation, moderate increases in maximum 1-day precipitation events may increase
flood risk

Extreme precipitation
= The most severe precipitation events predicted by climate model ensemble are of low intensity

Figure 3.7: Current Risk Associated with Extreme Heat and Riverine Flooding (Khiva)

Extreme Heat Flooding

Note: O = no risk, 3 = high risk.

Source: Asian Development Bank project team and consultant experts, using data from the United Nations (population density and gross
domestic product); OpenStreetMap (vulnerability of road networks, buildings, and points of interest); United Nations Office for Disaster Risk
Reduction. 2015. Global Assessment Report on Disaster Risk Reduction 2015. Geneva (1in 100-year flood hazard); and Google Earth Engine (heat
anomaly signals).
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Figure 3.8: Current Hazards Associated with Water Shortage or Drought

Notes: Map shows the spatial distribution of each hazard and the location of the urban area in this context.

Country Chapters - UZBEKISTAN

and Extreme Cold Events (Khiva)

80
60
40
20

Consecutive dry days/year

ERAGS refers to the 5th generation atmospheric reanalysis of the global climate, covering 1950 to the present.

Minimum annual temperature (°C)

Source: Asian Development Bank project team and consultant experts, using data from ERA5 (drought and extreme low temperature).

Table 3.3: Changes in Future Climate under Medium and High Emissions Scenarios (Khiva)

Variable
Average climate trends

Mean Annual Temperature

Total Annual Precipitation

Extreme temperature trends

Maximum Annual Temperature

Minimum Annual Temperature

Extreme precipitation trends

Maximum 1-Day Precipitation

Drought Period Length

Units

[A units] Historic

°C[°C] 20.1
mm/year [%)] 65.9

°C[°C] 4

°C[°C] (16.3)
mm/day [%)] 10.3
days [days] 185.5

A RCP45
2030

13
[0.7,1.9]
103
[(12.5), 35.5]

15
[0.6,2.5]
2
[(1.4), 4.4]

3.7
[(26),38.1]

(4.1)
[(16.7),12.7]

A = change, () = negative, mm = millimeter, RCP = representative concentration pathway.

A RCP45
2050

2
[15,2.6]
8.5
[(14.3),34.9]

2.2
[13,31]
2.3
[(0.8),4.9]

6.9
[(21.4),42.4]

(1.2)
[(15.7),11.9]

A RCP85
2030

15
[0.9,21]
26
[(19.4),311]

15
[0.7,2.8]
2
[(1.1),4.5]

3.1

[(24.8), 34.1]

0.2)
[(15.1),17.3]

Notes: Numbers in brackets represent median values (25th percentile, 75th percentile) of climate model ensemble predictions.
ERADS refers to the 5th generation atmospheric reanalysis of the global climate, covering 1950 to the present.

Source: Asian Development Bank project team and consultant experts, using data from ERAS (historical) and NASA Earth Exchange climate model

projections (RCP45 and RCP85).

A RCP85
2050

2.6
[18,33]
6.2
[(18.5), 31]

2.9
[2,4]
3.1
[(0.2),5.5]

5.1
[(22.9),35.2]
1
[(13.2),18.2]

71



72 Incorporating Climate Resilience in Urban Planning and Policy Making

Figure 3.9: Return Period Analysis of Extreme Precipitation Events (Khiva)

A = change, GCM = global circulation model, mm = millimeter, RCP = representative concentration pathway.

urban infrastructure.

model projections (RCP45 and RCP85).

ERAGS refers to the 5th generation atmospheric reanalysis of the global climate, covering 1950 to the present.
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RCP45 2030 18 33 44 56 65 74
RCP45 2050 18 32 4 53 62 71
RCP85 2030 18 32 42 54 63 71
RCP85 2050 18 32 42 54 63 71

Notes: The analysis represents changes in the yearly maximum 1-day precipitation (RxIday) at various return periods, providing predictions of
future frequencies of extreme precipitation events. It is based on the third quartile (75th percentile) of ensemble predictions and uses
a Gumbel fitting approach to estimate the extreme events. The numbers can be used to inform the design of more climate-resilient

Source: Asian Development Bank project team and consultant experts, using data from ERAS (historical) and NASA Earth Exchange climate
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3.4 Climate Trends and Risk Analyses: Yangiyer (Sirdaryo Province)

SUMMARY (2050)

City-scale risk
= Moderate risk of extreme heat, concentrated in urban areas
= High flood risk in urban areas and along roads

National-scale hazards
= Likely to experience water stress problems
= Area likely to be frequently exposed to extreme cold events

Changes in climate
" Moderate increases in maximum yearly temperature increasing frequency and intensity of heat waves
= Large increases in maximum 1-day precipitation events may increase flood risk

Extreme precipitation
= The most severe precipitation events predicted by climate model ensemble are of moderate intensity

Figure 3.10: Current Risk Associated with Extreme Heat and Riverine Flooding (Yangiyer)

Extreme Heat Flooding

Note: O = no risk, 3 = high risk.

Source: Asian Development Bank project team and consultant experts, using data from the United Nations (population density and gross
domestic product); OpenStreetMap (vulnerability of road networks, buildings, and points of interest); United Nations Office for Disaster Risk
Reduction. 2015. Global Assessment Report on Disaster Risk Reduction 2015. Geneva (1in 100-year flood hazard); and Google Earth Engine (heat
anomaly signals).
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Figure 3.11: Current Hazards Associated with Water Shortage or Drought
and Extreme Cold Events (Yangiyer)
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Notes: Map shows the spatial distribution of each hazard and the location of the urban area in this context.
ERAGS refers to the 5th generation atmospheric reanalysis of the global climate, covering 1950 to the present.

Source: Asian Development Bank project team and consultant experts, using data from ERA5 (drought and extreme low temperature).

Table 3.4: Changes in Future Climate under Medium and High Emissions Scenarios (Yangiyer)

Units A RCP45 A RCP45 A RCP85 ARCP85
Variable [Aunits]  Historic 2030 2050 2030 2050
Average climate trends
Mean Annual Temperature °C[°C] 21.6 1.3 2 1.6 2.6
[0.8,1.9] ([1.4,2.7] [1,2] [1.9,3.5]
Total Annual Precipitation mmj/year [%]  366.7 5.7 4.9 17 3.2

[(9.20),233] [(14.3),245] [(15.8),213] [(14.5),25.8]
Extreme temperature trends

Maximum Annual Temperature °C[°C] 404 1.5 23 1.8 3.1
[0.6,2.5] [15,33] [0.8,3] [21,4.2]
Minimum Annual Temperature °C[°C] m.7) 17 2.2 2.1 2.8

[(0.8),4] [(0.4),4.8] [(0.5),4.5] [0.5,5.4]
Extreme precipitation trends

Maximum 1-Day Precipitation mm/day [%] 28 6.9 12.6 9.8 15.1
[(17.8),35.2] [(15.7),42.2] [(175),42.7] [(11.3),48.8]
Drought Period Length days [days] 1237 25 25 1.6 5.5

[9),157]  [(77),133] [(9.5),153] [(5.3),18.7]

A = change, () = negative, mm = millimeter, RCP = representative concentration pathway.
Notes: Numbers in brackets represent median values (25th percentile, 75th percentile) of climate model ensemble predictions.
ERAGS refers to the 5th generation atmospheric reanalysis of the global climate, covering 1950 to the present.

Source: Asian Development Bank project team and consultant experts, using data from ERAS (historical) and NASA Earth Exchange climate model
projections (RCP45 and RCP85).
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Figure 3.12: Return Period Analysis of Extreme Precipitation Events (Yangiyer)
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RCP45 2030 28 48 61 79 91 104
RCP45 2050 30 52 66 85 98 12
RCP852030 29 50 64 82 95 108
RCP85 2050 31 54 69 88 103 17

A = change, GCM = global circulation model, mm = millimeter, RCP = representative concentration pathway.

Notes: The analysis represents changes in the yearly maximum 1-day precipitation (RxIday) at various return periods, providing predictions of
future frequencies of extreme precipitation events. It is based on the third quartile (75th percentile) of ensemble predictions and uses
a Gumbel fitting approach to estimate the extreme events. The numbers can be used to inform the design of more climate-resilient
urban infrastructure.
ERAGS refers to the 5th generation atmospheric reanalysis of the global climate, covering 1950 to the present.

Source: Asian Development Bank project team and consultant experts, using data from ERAS (historical) and NASA Earth Exchange climate
model projections (RCP45 and RCP85).
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3.5 Climate Trends and Risk Analyses: Tashkent

SUMMARY (2050)

City-scale risk
= High risk of extreme heat, concentrated in urban center
= Areas of moderate flood risk, in urban areas and along roads

National-scale hazards
= Likely to experience water stress problems
= Area likely frequently exposed to extreme cold events

Changes in climate
" Moderate increases in maximum yearly temperature increasing frequency and intensity of heat waves
" Moderate increases in maximum 1-day precipitation events may increase flood risk

Extreme precipitation
= The most severe precipitation events predicted by climate model ensemble are of moderate intensity

Figure 3.13: Current Risk Associated with Extreme Heat and Riverine Flooding (Tashkent)

Extreme Heat Flooding

Note: O = norisk, 3 = high risk.

Source: Asian Development Bank project team and consultant experts, using data from the United Nations (population density and gross
domestic product); OpenStreetMap (vulnerability of road networks, buildings, and points of interest); United Nations Office for Disaster Risk
Reduction. 2015. Global Assessment Report on Disaster Risk Reduction 2015. Geneva (1in 100-year flood hazard); and Google Earth Engine (heat
anomaly signals).
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Figure 3.14: Current Hazards Associated with Water Shortage or Drought

and Extreme Cold Events (Tashkent)
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Notes: Map shows the spatial distribution of each hazard and the location of the urban area in this context.
ERAGS refers to the 5th generation atmospheric reanalysis of the global climate, covering 1950 to the present.

Source: Asian Development Bank project team and consultant experts, using data from ERA5 (drought and extreme low temperature).

Table 3.5: Changes in Future Climate under Medium and High Emissions Scenarios (Tashkent)

Variable

Average climate trends

Mean Annual Temperature

Total Annual Precipitation

Extreme temperature trends

Maximum Annual Temperature

Minimum Annual Temperature

Extreme precipitation trends

Maximum 1-Day Precipitation

Drought Period Length

Units A RCP45 A RCP45 A RCP85 A RCP85
[A units] Historic 2030 2050 2030 2050
°C[°C] 203 1.4 2 1.6 2.6
[0.8,2] [1.5,2.8] [1,21] [2,3.5]
mm/year [%] 4019 6.2 4.1 1.4 3.6
[(10.6),231] [(14.5),261] [(17.7),20.9] [(11.5),25.2]
°C[°C] 393 1.6 24 1.9 3.1
[0.8,2.6] [1.6,3.4] [0.9,3.1] [2.3,41]
°C[°C] (13.2) 2 24 2.2 3.2
[(0.7),4.4] [(0.1),51] [(0.5),4.4] [0.6,5.7]
mm/day [%] 29 3.9 9.4 8 12.6
[(167),361]  [(15),42.3] [(19.7),46.6] [(15.3),51.1]
days [days] 1143 1 2.7 17 5.7
[(11.7),16.7] [(10),16] [(10.7),19.3] [(8.7),20.7]

A = change, () = negative, mm = millimeter, RCP = representative concentration pathway.

Notes: Numbers in brackets represent median values (25th percentile, 75th percentile) of climate model ensemble predictions.
ERADS refers to the 5th generation atmospheric reanalysis of the global climate, covering 1950 to the present.

Source: Asian Development Bank project team and consultant experts, using data from ERAS (historical) and NASA Earth Exchange climate model

projections (RCP45 and RCP85).
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Figure 3.15: Return Period Analysis of Extreme Precipitation Events (Tashkent)
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Historical daily maximum precipitation (mm)

ERAS5 30 52 66 85 98 12
Future (75th percentile of GCM distribution) (mm)

RCP45 2030 34 59 75 95 m 126
RCP45 2050 37 65 82 105 122 138
RCP852030 35 60 77 98 13 129
RCP85 2050 37 66 85 108 125 142

A = change, GCM = global circulation model, mm = millimeter, RCP = representative concentration pathway.

Notes: The analysis represents changes in the yearly maximum 1-day precipitation (Rx1day) at various return periods, providing predictions of
future frequencies of extreme precipitation events. It is based on the third quartile (75th percentile) of ensemble predictions and uses
a Gumbel fitting approach to estimate the extreme events. The numbers can be used to inform the design of more climate-resilient
urban infrastructure.

ERAGS refers to the 5th generation atmospheric reanalysis of the global climate, covering 1950 to the present.

Source: Asian Development Bank project team and consultant experts, using data from ERAS (historical) and NASA Earth Exchange climate
model projections (RCP45 and RCP85).
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3.6 Options for Mainstreaming Climate Change
in Urban Planning

Key Considerations in Selected Subsectors

Adaptation starts at the planning stage. Taking climate change risks into account in both land-use
planning and siting of infrastructure is of paramount importance, as is answering questions such
as “Which infrastructure projects are needed to enhance urban climate resilience?” And “Is this
project appropriate within the urban risk context¢”

Table 3.6 provides some specific measures that may be considered in the planning process at the
national level. The focus of this table is on key subsectors that may be affected by climate change
and correspond to priority areas of ADB investment. Health and energy, although relevant, are

beyond the scope of this profile.

Table 3.6: Planning Considerations for Selected Urban Subsectors

Projected
Climate Change

Relevance to Area
(Low/Medium/High)?

Transport Infrastructure

Small to moderate
increases in
precipitation
intensity, maximum
1-day precipitation
events

Moderate increase
in maximum
temperatures and
frequency of heat
waves

Moderate increase

in minimum yearly
temperatures,
considerable
decrease in frost days

Issue along large river
channels (Amu Darya),
eastern provinces

with steep topography
and more intense
precipitation

High

High extreme heat signal
nationwide, especially in
eastern provinces, urban
centers

Extreme low
temperatures likely to still
occur in all areas

Potential Impacts
on Infrastructure

Increased precipitation
potentially leading to
increased damage to
roads and transport
infrastructure due

to floods, mudslides,
landslides, and
avalanches

Intense heat waves and
increased temperatures
potentially affecting
transport infrastructure
and requiring more
frequent repairs, as well
as affecting users

Increases in minimum
temperatures potentially
leading to a decrease in
frost- and ice-related
damage to infrastructure

Possible Planning
Considerations and/or Actions

* Account for flooding risks in decisions
regarding the siting of roads and rails
and related transport infrastructure

* Incorporate blue spaces and green spaces
in planning to cope with excess water

* Encourage mixed-use, vertical, and
compact development as opposed to
urban sprawl to reduce dependence on
car-driven lifestyles

Include nature-based solutions in planning
to reduce the urban heat island effect,

e.g., tree planting, creation of urban water
bodies and green roofs®

No adaptation needed to address climate
change risks, possibly a gain to be realized
from climate change

continued on next page
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Table 3.6 continued

Projected
Climate Change

Buildings

Small to moderate
increases in
precipitation
intensity, maximum
1-day precipitation
events

Moderate increase
in maximum
temperatures and
frequency of heat
waves

Moderate increase

in minimum yearly
temperatures,
considerable
decrease in frost days

Sanitation, Sewerage,

Moderate increases
in precipitation
intensity, maximum
1-day precipitation
events

Decrease or small
increase in drought
length, decrease or
small increase in
total precipitation

Relevance to Area
(Low/Medium/High)?

Issue along large river
channels (Amu Darya),
eastern provinces

with steep topography
and more intense
precipitation

High

High extreme heat signal
nationally, especially in
eastern provinces, urban
centers

Extreme low
temperatures still likely to
occurin all areas

and Water Supply

Low

Low precipitation
nationwide, but this is
likely to be more of an
issue in eastern provinces
where precipitation is
higher and more intense

High

Intensity of drought may
decrease, but frequency
may not; western
provinces are very
drought prone

Potential Impacts
on Infrastructure

Increased precipitation
potentially leading to
increased damage to
buildings due to floods,
mudslides, landslides,
and avalanches

Intense heat waves and
increased temperatures
potentially affecting
buildings and users

Increases in minimum
temperatures potentially
leading to a decrease in
frost- and ice-related
damage to buildings

Increased extreme
precipitation events may
exceed urban water cycle
capacity

Increased intensity of
droughts may cause
water shortages

Possible Planning
Considerations and/or Actions

Climate-informed land-use planning
(e.g., siting of buildings)
Climate-resilient building codes
Upgrading of existing surface

water management and drainage
infrastructure for increased intensity
precipitation events

Incorporation of SUDSs in planning
process

Early warning systems®

Building guidelines to improve
temperature regulation in buildings and
encourage the use of heat-resistant
materials

Green-blue infrastructure such as urban
green space, water features, green roofs,
and shading trees

No adaptation needed to address
climate change risks, possibly a gain
from climate change to be realized
Incorporate climate risk management
and adaptation in government
infrastructure projects?

Enhance land-use planning, focusing

on increasing percentage of permeable
and semipermeable green space and
creating water storage and retention in
urban areas®

Upgrade capacity of sewerage networks
Incorporate SUDSs in drainage planning
Develop and implement climate-
resilient drainage and wastewater
management plans

Measures to increase water efficiency
(loss reduction) in infrastructure
Demand management measures'
Diversification of water supply, water
recycling, and use of alternative water
resources®

Drought management and early warning
strategies

continued on next page
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Table 3.6 continued

Projected Relevance to Area Potential Impacts Possible Planning
Climate Change (Low/Medium/High)? on Infrastructure Considerations and/or Actions
Solid Waste
Moderate increase Increased temperaturemay | * 3Rs (reduce, reuse, and recycle)
in maximum annual | This is likely to be more require an improvement awareness raising and waste
temperatures of anissue in eastern of the waste management minimization campaigns
provinces where the system to cope with » Upgrading of landfill sites to avoid
temperature is less potentially increased risks mobilization of pollutants and reduce
extreme of pathogenic germs to methane emissions
health

NDC = nationally determined contribution, SUDS = sustainable urban drainage system.

o

o

o

a

o

o

Relevance ratings are determined by expert judgment based on relevant datasets presented in the climate risk profiles.

More guidance may be obtained from J. Matthews and E. O. Dela Cruz. 2022. Integrating Nature-Based Solutions for Climate Change Adaptation and
Disaster Risk Management: A Practitioner’s Guide. Manila: ADB.

Inits latest NDC update, Uzbekistan identifies the development of early warning systems on hydrometeorological hazards as an adaptation
measure it will complete by 2030, especially to manage climate risks in the social sphere. Government of Uzbekistan. 2021. Republic of Uzbekistan:
Updated Nationally Determined Contribution 2021. Tashkent.

This is supported by Uzbekistan’s updated NDC, which includes the introduction of “adaptation criteria into public investment projects for construction,
modernization, operation and maintenance of infrastructure in various sectors of the economy” in the adaptation measures to be undertaken by the
country through 2030. Government of Uzbekistan. 2021. Republic of Uzbekistan: Updated Nationally Determined Contribution 2021. Tashkent. p. 24.
See the “sponge city” concept piloted in several cities in the People’s Republic of China with support from ADB. ADB. 2017. Piloting “Sponge Cities’
in the People’s Republic of China. Project result/case study. 13 January.

This includes a variety of measures including tariffs, pricing, user controls, awareness raising, and smart network monitoring.

Technologies exist that can use brackish water or wastewater as inputs and produce a combination of food (aquaculture products, vegetables,
animal feed) and clean water. Applicability for Uzbekistan would need to be assessed. The advantage of such technology is that it involves an
ecosystem-based approach in line with Uzbekistan’s NDC.

3

Source: Asian Development Bank project team.

Considerations on Enabling Environment, Local Government Planning, and
Operation and Maintenance

Early action on other key considerations relating to planning and O&M can accelerate urban climate
resiliency building in Uzbekistan. Some of these considerations are presented below.

Enabling environment for climate resilience planning

The central government can consider the following measures:

Ensure that local governments and stakeholders are equipped with adequate data,
information, and skills that will help them to respond to the impacts of climate change.
This could be in the form of data portals and knowledge-sharing workshops.

Ensure that cities coping with climate change have sufficient access to finance, for example,
by providing access to international climate finance through applications by the central
government to financing sources such as the Green Climate Fund.

Ensure that individuals and communities affected by climate change-related hazards can
recover and rebuild as quickly as possible via access to insurance and national government
support programs.

Develop building codes and standards for infrastructure that consider changes in climate,
such as new flood return periods.
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https://www.adb.org/sites/default/files/publication/801226/nature-based-solutions-cca-drm.pdf
https://www.adb.org/sites/default/files/publication/801226/nature-based-solutions-cca-drm.pdf
https://unfccc.int/sites/default/files/NDC/2022-06/Uzbekistan_Updated NDC_2021_EN.pdf
https://unfccc.int/sites/default/files/NDC/2022-06/Uzbekistan_Updated NDC_2021_EN.pdf
https://unfccc.int/sites/default/files/NDC/2022-06/Uzbekistan_Updated NDC_2021_EN.pdf
https://www.adb.org/results/piloting-sponge-cities-people-s-republic-china
https://www.adb.org/results/piloting-sponge-cities-people-s-republic-china

82 Incorporating Climate Resilience in Urban Planning and Policy Making

Introduce and institutionalize risk-based land use and open space planning. Introduce blue-
green resilience networks and nature-based solutions as a first step in all spatial planning.

Initiate and sustain benchmarking and monitoring of efforts across cities and local
government jurisdictions, facilitating knowledge transfer between these parties.

Local government planning

Local governments may wish to incorporate the following task items in their planning process:

Consider how expected climate change interacts with the cities’ development visions
and how expected climate change may impact the relative viability of investments. This is
especially important to determine the performance of built assets over their respective
project life cycles.

Develop climate hazard maps to guide urban development, e.g., to integrate flood risks in
urban spatial planning. This requires local-scale, higher-resolution modeling to better map
the influence on hazards of a full envelope of likely changes in climate.

Ensure that individuals and communities at risk to climate-related hazards are aware of the
risks they are exposed to and how these may change in the future. This could be achieved via
community outreach.

Climate hazard information should be factored into the design and implementation of
development regulation instruments, such as zoning, land subdivision, and building codes.
This will help reduce climate change vulnerability and avoid the expansion of development to
high-risk areas.

Adopt, implement, and enforce building codes and standards for infrastructure that take
account of changes in climate, such as new flood return periods.

Promote the development of early warning systems and climate change-related disaster
response strategies (often as part of a more comprehensive disaster response strategy).

Initiate community-level education programs for disaster preparedness. These should focus
on preparing communities for situations where authorities and emergency services are unable
to access affected areas to provide critical assistance in the aftermath of a disaster.

Undertake institutional strengthening for climate action through reform of responsibilities
and creation of a high-level climate change office under the governor and mayor and
cross-departmental working groups.

Operation and maintenance

Adequate O&M is as important as up-front capital investments in ensuring climate-resilient
infrastructure and physical assets. The following section details some key considerations relating
to O&M:

Ensure that risk-informed O&M is considered from the earliest stages of planning and design
for new infrastructure projects.

Update existing O&M plans to reflect changes in precipitation and temperature, which may
necessitate more frequent maintenance or changes in operational practices.

Create backup emergency infrastructure in case of failure in key infrastructure, e.g., the
maintenance of emergency generators in case of power failure.
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= Ensure regular inspection and maintenance of infrastructure relating to hazard protection,
e.g., flood protection structures.

= Implement smart monitoring strategies and the Internet of Things to collect, centralize, and
review data relating to hydrometeorology and key infrastructure.

= Implement risk informed preventive maintenance, which may be a highly feasible and
cost-effective approach for ensuring overall network resilience.

= Prioritize O&M of telecommunication networks, which play a critical role in disaster response
efforts.

Under the Integrated Urban Development Project, ADB is helping the Government of Uzbekistan

enhance the climate resilience and livability of Khiva, a popular tourist destination, for both its residents
and visitors (photo by Relisa Granovskaya/ADB).
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GUIDANCE ON
INTERPRETING THE
CLIMATE RISK PROFILES

SUMMARY

The risk profiles can be used to
Generate a broad understanding of potential future changes in climate
Understand large-scale (national and regional) future changes in climate
Generate a range of future scenarios to be considered in planning
Identify hotspots where flooding or extreme heat could pose problems to existing infrastructure
or development

They cannot be used to
Predict exact changes in climate variables over time
Understand street- and city-scale spatial patterns in climate change
Guide local (street-level) development decisions
Remove the need for detailed local risk-scoping studies

How the Climate Risk Profiles Should Be Used

Users of the national and urban climate risk profiles presented in this publication are advised to
consider the uncertainties and limitations of the climate data for downstream work. When using the
outputs to understand climate change at a national or regional level, it would be best to consider
these outputs in broad terms and avoid focusing on specific values. For example, to determine how
mean annual precipitation is likely to change, it would be more appropriate to consider a range of
model projections, rather than simply focusing on the median predicted change. For this purpose,
the use of the 25th and 75th percentiles in the risk profiles will continue to be valuable.

For decisions relating to planning and development in which it is difficult to incorporate a range

of model projections, it is recommended that the worst-case scenario be planned for. This worst-
case scenario corresponds to the extreme percentile of model outputs for the RCP85 scenario.

For example, when preparing for changes in extreme heat waves and their effects on a national to
regional scale, the change projected as the 75th percentile of model outputs for the RCP85 scenario
should be considered. This approach is important to promote resilience in planning, however clear
the trade-offs may be between safety (or risk aversion) and the amount of resources needed to
prepare for a given future.
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Limitations

The risk profiles presented here are based on analyses of downscaled climate models of different
future scenarios. They aim to identify considerations that may be relevant for climate-resilient
urban development. But as the profiles do not provide a comprehensive picture of all the risks and
possible adaptation measures, it is crucial for the central government and urban focal agencies to
inform their investment decisions with additional rigorous, context-specific analyses, and more
detailed, up-to-date data from stakeholder consultations, as well as more granular engineering
and hydrological surveys. Topics that are not touched upon here, but should be considered,
include (i) adaptation measures that may be undertaken across infrastructure systems, including
consideration of users or beneficiaries, governance, environment, resources, and existing
infrastructure assets; and (ii) interdependence between multi-hazards and different subsectors.

The overview offered in the risk profiles focuses mainly on climate change-related hazards.

The need to consider vulnerability and exposure to fully characterize future changes in risk
cannot be overemphasized. These factors are representative of (i) the resilience of communities
and infrastructure to hazards, and (ii) the changing nature of where people live and assets are
constructed. Factor (ii) is especially important, as populations globally continue to expand into
hazard-prone areas such as floodplains. As such, the largest changes in risk in many areas may be
because of exposure changes rather than climate change-induced exacerbation of hazards. It is
therefore suggested that urban population growth and development trends be spatially analyzed
and compared with these hazard maps to characterize future risk more accurately.
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