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Atmospheric Informatics (Al) Lab: Who we are?
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Urban resilience, urban digital
twins
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{3, WRCP My Climate Risk Japan Hub

My Climate Risk Reglonal Hubs

In order to develop and mainstream a ‘bottom-up’ approach to regional climate risk, My Climate
Risk is working with a number of institutions and universities around the world to form a
‘mycorrhizal network’ of hubs (communities of practice), that will share knowledge and resources to

f£3&, CORDEX SEA urban climate sub-group
work towards My Climate Risk’s goals, and support an ecosystem of more informal activities aligned

} y / {_ . E R B_ RC C ( Fla gs h i p Pi lot proj e ct with My Climate Risk. The MCR regional hubs are listed below (click the image for larger view).
on urban climate downscaling) ;
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IPCC Special Report LAM1 at Osaka (2025)



Actionable climate information

for cities:
Concept, technique overview
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(a) Population density
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Cities occupy less than 1% of global land
Home more than 50 % of global population
Genarete more than 80 % of global GDP
Account for 70 % of global C02 emissions
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Cities is the focus of upcomming
- IPCC Special Report on Climate
o Change and Cities
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Credit to Oke (2017)

IPCC Scoping Meeting (16 — 19 April, Riga, Latvia)



Climate downscaling IS more than
refining GCM resolution

There are many approaches to obtain high-res climate
Information
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(Dynamical climate downscaling )

Explicit Representation of local conditions (orography, land use change, urbanization).

RCM
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km resolution -> able to represent
o . localized circulation like convective
Unable to explicitly represent “sub-grid” phenomena process

~100 km resolution
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A log-log plot of time duration vs. horizontal size of many
weather phenomena. (Stull, 2017)



Weather Research and Forecasting model
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Weather Research and Forecasting (WRF) model
source: BioEarth, WSU

RCM needs

Atmospheric Initial Conditions
Top, and surface boudanry
conditions

Lateral boudanry conditions
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From realistic urban form to a table of parameter values

Hahanakhon/

Urban canopy model  Grass model
Fluxes from roof

/
Fluxes from wall

e

LU

= r——
Parameters Units Compact H rise  Compact M rise Compact Lrise  Open H rise  Open L Rise  Large L Rise  Sparsely Built — 4
Urban fraction % 100 95 90 65 65 85 30
Roof heat capacity JImK 1956 2.4E6 2.219E6 1.95E6 2.219E6 2.4E6 8.916E6
Roof thermal conductivity WimK 11538 0937 0649 11538 0649 0.937 01615
Roof albedo & 13 18 15 13 13 18 13
Roof emissivity % </ 9 9 9 a 9 9 FI f d
Roof width M 15 17.5 9 32 105 288 10 uxes rom roa
Ground heat capacity JIm*K  3.84E6 414E6 442566 4.88E6 5.07E6 420E6 5.833E6
Ground thermal conductivity WimK 04004 04004 0.4004 0.4004 0.4004 0.4004 0.4004
Ground albedo % 15 15 16 17 18 16 19
Ground emissivity 4 a5 a5 95 a5 a5 95 95
Wall heat capacity JIm*K 1698EG 4.266E6 3.945E6 2.5E6 3.94E6 2.4E6 15.8E6
Wall thermal conductivity WimK 11538 0937 0649 11538 0.649 09375 0.1615
Wall albedo % 25 20 20 25 25 25 25
Wall emissivity % 90 90 90 90 90 90 90
Road width m 15 127 57 375 124 325 10
Building height m 25 175 6.5 25 6.5 6.5 6.5
Building area fraction (BAF) 4 50 40 40 20 20 20 16
COP of AC system 3 3 3 3 3 3 3
Target temperature of AC system K 297 297 297 297 297 297 298

Heat generated by equipment W/m? 36 30 25 20 15 36 10



SUEFT D RT—1) T DAHEEE
(Uncertainties )

Uncertainty is cascading
e Aleatoric (statistical) uncertainty refers to (Smith et al., 2018, J of Extreme Events)
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Solutions

Ensemble approach: Quantify probabilities and uncertainty
by sampling many plausible futures.

However Average of imperfection cannot
become perfection”

Storylining approach: Explore specific, plausible
trajectories or events without assigning a prior probabilities.
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Pseudo Global Warming Dynamical
Downscaling



Pseudo Global Warming downscaling (PGW-DS) as
climate change storylining approach:

Explore specific, plausible trajectories or events
without assigning a prior probabilities.




PGW Downscaling

PGW DS is Dynamical Downscaling
Impose the warming signal predicted by GCM by

assuming no change in large scale circulations
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Key Characteristics

*Maintains historical weather variability, enabling detailed analysis of specific events

(e.g., typhoons, heavy rainfall).

*Avoids GCM biases in circulation patterns since it uses reanalysis-based dynamics.
*|deal for impact studies (e.g., hydrology, urban planning, disaster risk).

Six-hourly Global
Reanalysis Data: ¢,

Monthly-mean GCM Projection
1) Current time: ¢,
2) Future time:  ¢¢

https://github.com/doan-
van/Pseudo-Global-Warming-

GitHUb Downscaling

Climatological Average (10 — 30 year ave.)
1) Current time: ¢,
2) Future time: ¢

Global Warming Increments Aa

| Six-hourly Pseudo Warming
Boundary: ¢pey

Regional Climate Model

Downscaled Present-time
Regional Climate

Downscaled Future
Regional Climate

¢, ¢5 : monthly-mean values of
atmospheric variables during 10 - 30
years in current and future time,
respectively.

@, = time_average(d,)
¢_f = time_average(¢y)

AP =3y -9,

Gpow = Po + A9

Credit to Doan & Kusaka (1JoC, 2018)



PGW DS Can Do PGW DS Cannot Do

Downscale specific historical events | Simulate future event frequency or
into the future emergence

Project shifts in climate variability

Preserve synoptic-scale variabilit
ynop y patterns

Evaluate local impacts under warming | Capture full Earth system feedbacks

Simulate time-evolving trends over

Provide high-resolution future analogs AepEee

=

PGW DS is particularly useful for answering event-
focused, high-resolution, and impact-relevant
scientific questions.
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Showcasing sucessful examples of using PGW-DS
to investigate how and why local climate and
extreme events respond to global warming



(d) MIROC-ESM/CU  (e)  Multi/CU

106°E 106°40'E 107°20'E
f)  cC/Fu

(g) CNRM-CMS /FU

Coupled effects of Global
Warming and Local
Urbanization in fast-growing
Ho Chi Minh City (Vietham)

FIGURE 12  Spatial distribution of mean April T2 from the CC experiments and the FC downscaling experiments under the RCP8.5 scenario. CU and FU
indicate current and future urban land surface conditions, respectively. “Multi” denotes inter-experimental averages of the FC experiments

Doan and Kusaka, 1JOC 2018



JGR Atmospheres

CJOJO)C)

Identifying a New Normal in Extreme Precipitation at a City
Scale Under Warmer Climate Regimes: A Case Study of the
Tokyo Metropolitan Area, Japan

Research Article & Open Access

Quang-Van Doan )% Fei Chen, Hiroyuki Kusaka, Jie Wang, Mizuo Kajino, Tetsuya Takemi
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“Extreme gets more extreme”

Assymetric pattern in precipitation change with global
warming revealed by PGW-DS
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ENVIRONMENTAL RESEARCH
LETTERS

LETTER - OPEN ACCESS

Climate change effects on the worst-case storm surge: a case

study of Typhoon Haiyan

Izuru Takayabu, Kenshi Hibino, Hidetaka Sasaki, Hideo Shiogama, Nobuhito Mori, Yoko Shibutani and

Tetsuya Takemi

Typhoon Haiyan (Yolanda)

* Here the simulation
results of Typhoon
Haiyan is shown.

* Also an inundation is
assessed by using
SUWAT model.
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Radar of GUIUAN
(Courtesy of Mori @DPRI)

—{ NAT condition ;—)

a) 15
o1
k=2
= 0]
= S 105 B4
2 =
- 5 )
3 10
]
pi |
9.5
»
.' |
; 5 . g =3 i
125 126 127 128 1245 125 1255 126 1265 127 1275
Longitude (E) Longitde [deg]

= [ N [

10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0 55.0 (dBZ) 10 15 20 25 30 35 40 45 50

Figure 4. (a) Radar reflectivity at z= 2 km in the m02 (1001) experiment with the 1 km WRF model (dBZ) (1100 UTC on 8 November
2013). (b) Radar reflectivity data for Guiuan station (dBZ), elevation angle 1° (2016 UTC on 7 November 2013).
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JGR Atmospheres
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Application of the Pseudo-Global Warming Approach in a
Kilometer-Resolution Climate Simulation of the Tropics

Research Article (&) Open Access

Christoph Heim §24, David Leutwyler, Christoph Schar
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A novel downscaling method:

Land surface physics-based downscaling (LSP-DS)

el

https://acp.copernicus.org/articles/15/5987/2015/acp-15-
5987-2015.html#&gid=1&pid=1




Seeking for the middle way (118 -Trung Dao) between two “extremes”:
computational costly dynamical downscaling and physics-law-free
statistical approach?

LSP-DS based on land surface physics process (using NCAR’s Noah-MP model).
LSP-DS showed its effectiveness and computational efficiency to explain the
compounding effect of urban heatisland and heatwave effects (Xue and Doan et al., 2024a, 2024b)

(a) 2m Air Temperature (b) 2m Air Temperature (c) 2m Air Temperature
of ERA5 after LSP-DS of Observation
(2020-08) (2020-08) (2020-08)
% X . 4 A 28 OU
Interpolate to Daily De-accumulate to hourly =
N (]
Domain \ Air Temperature I 26 ;
Land Use Humidity Radiation -
Terrain Leaf Area Index Wind Speed Precipitation E
Soil Texture Green Fraction Surface Pressure -24 g.
| s
T el _ _ 22 =
High-Resolution Land Data Assimilation System i | d g E
(HRLDAS) ( % | 20 £
Land Surface States
Temperature 18

Energy budgets



LSP-DS as a new possibility
(standard) for climate downscaling

Manila LSP-DS
(©Manila
Observatory)

14.8 A

HRLDAS: 1000m  JJA 1457

A/Prof Doan (Al-Lab) in LSP-DS -
workshop in Kuala Lumpur (May 142
2024) "
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Hanoi LSP-DS

(©U of Sci and
Tech Hanoi)

Jakarta LSP-DS (©BMKG)
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