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Natural/Rural vs Urban landscape
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Urban Heat Island

Temperature in cities Urban Heat Island in Montréal
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From Urban Heat Island to effects on rainfall

First evidences:
orton (1921) - Albany
La Porte anomaly (Changnon 1968)
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From Urban Heat Island to effects on rainfall

Mean Reference Wind Direction
at 700 hPa is 2307 (black arrow)
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From Urban Heat Island to effects on rainfall

Overall ﬁ"
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Mechanisms of urban-induced effects on rainfall

(@) Urban ‘dome’

Proposed mechanisms: No ambient wind
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Interplay with local circulations: sea-breeze, mountain-valley
breezes




Cities in regional climate models



Representing cities in climate models

GCM (~100 km)
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Representing cities in climate models
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Representing cities in climate models

GCM (~100 km
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Representing cities in climate models

GCM (~100 km) RCM (~10 km)
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Representing cities in climate models

GCM (~100 km)
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Effects of cities on rainfall as seen by models
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Effects of cities on rainfall as seen by models

Mean precipitation
Jakarta (Indonesia) Kuala Lumpur (Malaysia)
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Urban-induced rainfall mechanisms in models

MOISTURE FLUX CONVERGENCE 1 7?



Increased moisture flux convergence

Jakarta (Indonesia) Kuala Lumpur (Malaysia)
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Pressure [hPa]

Effects of cities on rainfall as seen by models

Kuala Lumpur (Malaysia) at 12H LST
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Urban-induced rainfall mechanisms in models

MOISTURE FLUX CONVERGENCE 1 7?



Urban-induced rainfall mechanisms in models

MOISTURE FLUX CONVERGENCE 1 7?

Cool most sod  Warm dry sod  Cool meest sodl

From Taylor et al. (2011) Nat Geoscience



Effects of cities on rainfall extremes
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Effects of cities on rainfall extremes

Kuala
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Effects of cities on rainfall extremes

Kuala
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Other studies
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Other studies
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The role of city heterogeneity

LRI ANAN A AR R
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Demuzere et al. 2022 JOSS — W2W. Since WRF4.5 LCZ directly from WP

W2W creates different scenarios: No Urban, Only extent, Default and LCZ

Built types

Compact highrise

Dense mix of tall ngs to tens of stories. Few
mostly paved. Con

steel, stone, and glass construction materials

et
?‘ t:'% Or no trees. Land cov
| ﬂ i

Compact midrise
. Dense mix of midrise buildings (3-9 stories). Few
";I? 1:§T l or no trees. Land cover mostly paved. Stone,
2 i T i brick, tile, and concrete construction materials

Compact lowrise

Dense mix of lowrise buildings (1-3 stories). Few

A
< or no trees. Land cover mostly paved. Stone
brick, tile, and concrete construction materials

Open highrise
P gﬁ - Open arrangement of tall buildings to tens of

stories. Abundance of pervious land cover (low
plants, trees). Concrete, steel, stone, and glass
construction materials.

Open arrangement of midrise buildings (3~9

0 .gf v o stories). Abundance of pervious land cover (low
5 W plants, scattered trees). Concrete, steel, stone,
e and glass construction materials.

Open midrise

Lightweight lowrise

Dense mix of single-story buildings. Few or no

(%{«' trees. Land cover mostly hard-packed.
7 o \; 2y ‘" Lightweight construction materials (e.g., wood,
.sﬁ@.m thatch, corrugated metal).

Lgeiowiie Open arrangement of large lowrise buildings (1-
.# —ua 3stories). Few or no trees. Land cover mostly
8 > et paved. Steel, concrete, metal, and stone
- construction materials.

Sparsely built

——y Sparse arrangement of small or medium-sized
*F{;")“t buildings in a natural setting. Abundance of
L
Heavy industry

)

Lowrise and midrise industrial structures

o (towers, tanks, stacks). Few or no trees. Land
I 0 cover mostly paved or hard-packed. Metal, steel,
and concrete construction materials.

pervious land cover (low plants, scattered trees).

Land cover types

Dense trees Heavily wooded landscape of deciduous and/or

evergreen trees. Land cover mostly pervious (low
plants). Zone function is natural forest, tree
cultivation or urban park

Lightly wooded landscape of deciduous and/or
evergreen trees. Land cover mostly pervious (low
plants). Zone function is natural forest, tree
cultivation, or urban park.

Open arrangement of bushes, shrubs, and short,

» woody trees. Land cover mostly pervious (bare
soil or sand). Zone function is natural scrubland
or agriculture.

Featureless landscape of grass or herbaceous
plants/crops. Few or no trees. Zone function is
natural grassland, agriculture, or urban park.

Bare rock or paved

Bare soil or sand

Featureless landscape of soil or sand cover. Few

or no trees or plants. Zone function is natural
desert or agriculture.

Large, open water bodies such as seas and lakes,

a4

lagoons.

G ’ or small bodies such as rivers, reservoirs, and

VARIABLE LAND COVER PROPERTIES

Variable or ephemeral land cover properties that change significantly with
synoptic weather patterns, agricultural practices, and/or seasonal cycles.

Leafless deciduous trees (e.g., winter). Increased
sky view factor. Reduced albedo.

b. bare trees

S. Snow cover Snow cover >10 ¢cm in depth. Low admittance.

High albedo.

d. dry ground Parched soil. Low admittance. Large Bowen ratio.
Increased albedo.

w. wet ground Waterlogged soil. High admittance. Small Bowen

ratio. Reduced albedo.

WUDAPT



The role of city heterogeneity — Revisiting KL study

Land Use
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The role of city heterogeneity — Revisiting KL study
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The SURFACE project




The SURFACE project

Land Use

44°N

42°N

40°N

38°N

36°N

34°N

5°W
00

10°w
7.5°wW

are rock or

eav %us ra\ﬁs)(E

-rise
en midgrise
en high-rise, (4)

m owrrllsee(?i
Spact MR
arr uradra
ra

a er ike oce
arren orjgarser]y Vegetated

rgg cf) E% ﬂ' Vegation Mosaic

rﬁe vghrtlﬁe ise (7)
en |o %

S

er ne tWetIands
Grass an

ose ak:;ands

ixe ore

eciduous Broa rest
eciduous Nee P ores
vergreen Broa <? rest
vergreen Needleleaf Forest

Building Effect Parameterization(BEP) Building Energy Model(BEM)

Drag . Wake diffusion Radiation

| QO =E . +(H_+E_)I|

| Tubulence

Momentum

( TU: the urban model levels )

Pokhrel et al. 2020 JESBC; Salamanca et al. 2010 TAC



The SURFACE project
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Bonus track: Storm Daniel



Storm Daniel and the effect of SST

MPAS 240 km
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torm Daniel and the effect of SST

MPAS 60 km
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Storm Daniel and the effect of SST

2023-09-07 15:00:00
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Storm Daniel and the effect of SST

2023-09-07 15:00:00
ACCUMULATED PRECIPITATION [kg m™]
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Thanks!

Email: d.argueso@uib.es

UIB

Web: danielargueso.com
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