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Interdependent energy relationships between buildings at the street scale

Meteorological data YT — SBRI

Energy use and height in office buildings
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Horizontal scales Model representation Morphology representation
* Feedbacks
° i. Regional scale single building
e .g. Te m pe ratu re g bulk processes modelled ”I%
. domain size ~100 to 1000 km slab models
° Form and Fu nCt|On model resolution ~1 km =10
* Wind fields
S XXy
ii. City scale single street canyons ]
roof, street, wall processes
domain size ~10 to 100 km modelled
model resolution ~100 m single / multi layer models g, =0 | w

o #0

complex urban canopies

building-induced processes %
resolved

building-resolving models

indoor / outdoor environments
coupled processes resolved

indoor-resolving models

iii. Neighbourhood scale

domain size ~0.1to 1 km
model resolution ~1m

iv. Street / building scale
domain size ~10to 100 m
model resolution <1 m

Hertwig et al. (in prep)
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Hierarchical climatic zoning method for energy efficient building design

4
-

Hierarchical Zoning

L 4

Cluster Analysis
Ward’s method

Features Analysis

Threshold Definition
GIS Postprocessing
T LA

/ Administrative
. Divkloii .

) CHINA METEOROLOGICAL
— DATA SERVICE CENTER (CMDC)

Degree-Days

.....

OEEEEEE

Heating Demands 2
& s

‘‘‘‘‘

Ly i

z .m.

Relative - Solar -, Wind -,
humidity / radiation / speed /[

. RH2 RH3 (o) Ra2 R | . @ Ws3  wsa

» Verification with
Energy Simulation

g Umversnty of
Reading

q T
S s CE
S - T
e Ny ¥ i
it “ N 'A'
((((( } o : p
Severe Cold Va . )
> r B Severe Cold P
{\ - =
<

Severe Cold

« Hot Summer and
Cold Winter -»»

Hot Summerand * " =1
~ "~ Warm Winter o
T T

Ay
AR

Xiong et al. (in review)

Urban Form, Density and Microclimate: How Must Planning and Design Change? | Sue Grimmond |C.S.Grimmond@reading.ac.uk



N \\‘C(\(—\} Nagtong
Q -
Hanzhong Nan//(l)vg
450
7 Shanghaigs
400 R & 2 3% 4 P
s | o A2 6
: Y 4
250 | | L e A3 1: Mean HDDI8 and CDD26 A
350 - 3 . . . D * Bl 2: First quartile (Q1) of HDDIS
3 . a 3: Median (Q2) of HDDIS
B b © B2 4: Third quartile (Q3) of HDDIS
ce, e Cl 5: First quartile (Q1) of CDD26
300 4 = R i 1 FE%= . ca | & MedianQ2)orcoD26
piig I8 Pl o g 7: Third quartile (Q3) of CDD26
—~ . . * . o % ™
& 250 T 1
< * v b < el o0 L(gzh"ou
Q . k o A . . . .
. .
HESG S “
5200 - bt ) i _
- - 180 Cooling demands
o4 3 PS P g L=t ] : Higher Lower
150 = [ ° il ° g; . 'l. (t:'a ' %
. 5 Yy $111:@ 3 ) L = Qiandongnan, ’ ws
: i S s = 20 Bl A1]s1]c
. ° e . - . e o
. e £
100 g i $ 3
2, T o A6 d Guilin 2 A2 Bz CZ
. % 5 Shaoguan =
_ . — . Dt ©
50 N . x 3 . o o~ 7‘\1/\‘ S o 9 §
>3 ® -
0 _7/ T T T T T - = T T T
0 50 750 1000 1250 1500 1750 2000 2250 2500 2750
HDD (°C)
21 =
2 3% * Ral
20 s « Ra2
o 1: Mean radiation s Ra3
i) 2: First quartile (Q1) of winter data
£ 19 | | 3 Median (Q2) of winter data
E 4: Third quartile (Q3) of winter data
100 10 - =z < 5: First quartile (Q1) of summer daa
x — n 5 6: Median (Q2) of summer data
~ 9 s s s :'J:’-:’f""m" - j c:::"’""lmg:?” E 40+ £ 18| 7 third quarite (03 of summer dota T
90 . i 4 5 7 Out 3 - &
W WS4 irst quartile (Q1)  7: Outlier 3. |
. . £ 8 . vs: . , 3 4 Median (Q2) 530 E 17 i
- = = ° ¢ [ g il
a\t 80 - 5 74 £ 20 ! ! : ' _:g; yel
z 2 | i E 16, o
=] | & 6] E 10 k] ’
20 ; t z ° h £ " i 2 s i
2 | s : £ sl 5ol : E |
o 601 . 1 ; o b 5 :
Z & 4 3 14 i
= o s
2 50+ 2 34 3
= a8 3
Bl rH :(. 1: Mean - Third quartile (Q3) e " Z 3
i} & 2: Minimum (Q0) 6: Maximum (Q4) o -
40| B Ri2 | 3:First quantile (Q1) 7 Outtier a
B RH3 |7 4 Median(Q2) 14 12 T T T T T T T
30 - 2 3 4 5 6 7 8 9 10
Weather stations 0 . Mean daily total solar radiation in winter (MJ m~ d"')
Weather stations
University of

Readin Urban Form, Density and Microclimate: How Must Planning and Design Change? | Sue Grimmond |C.S.Grimmond@reading.ac.uk




Annual required Cooling CapacityAnnual required heating Capacity
A2 1 B2 Cl

I 3000 4000
3 100 Al A3 B C2 T -7 T -7
, I D B 28 % Stairwell Stairwell
. 80
g o
- ' 8 b1 0 =« '0 0 0 - B g 553 5
60 3
)
; 40 g B ] i N Apartment Apartment Apartment Apartment
! 28.0 26.4
] - - - = = . - [EEp— -
I jHEY o —
A 12.5 7000
O I [
0
D D D D) D D W R W @D @D @D @ @D Y Y Y : Heating | Non-heating | Mean #s.d.
\w&\@é\@\g@%@’ %%@@” N\ @e‘,\@ -@%@\.\,@@ &q\%@\‘ 90%8’@1\%@@0%@ go%“%qé\‘—‘@ 0\;\%\ %@}\ ‘9@& f:r:: Province City Humidity | Radiation | Wind c‘(’l‘(’\'/:/':‘gnﬁg?d Load and cooling |  cooling load
< P C‘"@ Q@S\%ﬁ\ %@“ @.@Q C“"“% {,\0‘3 o 1}\@3 \,@{\13‘ C{\@“_&Q@oﬂ\ (kWh m2) period (h)
City Q Hubei Wuhan 1 Ra2 ws3 95.5 32.0 3044 82.8+116
Anhui Hefei ws2 75.6 433 3192
- Jiangsu Nanjing R ws2 73.1 43.0 3557
Y o ‘ N \\ﬁ agrong Hunan Changsha 2 ws2 815 28.2 3271
Hanzhong, y Nanjing. [ A5 o
o - 'h - | zhejiang Hangzhou RH2 ws2 73.6 28.8 3592
y Hefei ¢Sha : =
L o SR Shanghai Shanghai 2 ws2 68.9 27.0 4067
5" (g ‘ o0 Zowm Fujian Nanping 1 100.0 5.7 5437
§ Chengdu * i WA O sl Theme & Jiangxi Ji-an 1 96.7 188 4869
e KW d : t i ' Chongging | Chongging 1 79.9 12.9 3808
X : e & Henan Xinyang 61.9 46.1 4779 65.3+5.8
Yibinke € L0 : i .
B Luzhou VP Jiangsu Nantong RHI 60.1 35.9 5106
‘b v o Nan%ing Cooling demands Hubei Yichang @ 72.0 30.7 3354
’ /g Higher Lower » - =
§ Qiandongnan ; s 3§\ m Bz Zhejiang Zhoushan . 71.2 20.6 5475
3 5= Sichuan Yibin 1 R | W 613 9.1 4248
@ A Ipn
; 0| | a2 2 B | shanxi | Hanzhong | @ RaZ | wse 42.7 436 4833 438+2.9
i O\ gt Sichuan Chengdu RHI Ra3 wsa 471 22,0 4462
. . . Guizhou Qiandongnan Ra3® ws3 41.7 30.8 5237
Xiong et al. (in review) @

University of

Readin Urban Form, Density and Microclimate: How Must Planning and Design Change? | Sue Grimmond |C.S.Grimmond@reading.ac.uk




Urban Multi-scale Environmental Predictor

* Coupled modelling system: 1D and 2D models
* Street canyon to city scale (10°-10° m)

Meteorological Data Surface Information
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Urban land surface models
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Climate Services
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Lindberg et al. 2018: Environmental Modelling & Software 99, 70-87  Ward and Grimmond 2017: Landscape and Urban Planning 165, 142-161
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Lindberg et al. 2018
New York City: Spatial data

DSM (masl)

Canopy Digital Surface Model (CDSM).

vegetation raster (m agl)

Derived based on Lindberg and Grimmond
(2011; UES)

cpsM (magl) || 4 M pixel resolution
Digital Surface Model (DSM)

0]
s : % B 7.5
1 Raster grid: buildings and ground (m agl) By RS [ B
Y Il 225
Hl 30

DSMGenerator in UMEP: DEM . B
vector building footprints + height data
4 m pixel resolution

Land cover

771 Paved

I Buildings

B Evergreen trees
I Deciduous trees
B Grass

I Bare soil

Bl Water

[ Other land mass

Daytime

Nighttime ' !

Population density

Land Cover

Raster grid 7 LC-classes.

Census Tract
vector dataset: residential population.
Land use: derive daytime population

Derived: Land Cover Reclassifierin UMEP
Information on commuters outside of the

5 boroughs are also included (USCB)

4 m pixel resolution
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Anthropogenic Heat Fluxes Turbulent Sensible Heat fluxes  Air Temperature
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Long-term simulation-based TMY results
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Horizontal scales Model representation Morphology representation

L
i. Regional scale single building "W
I bulk processes modelled
domain size ~100 to 1000 km slab models
model resolution ~1 km on =0

* Feedbacks between urban form and function - improve the TMY data . cyee oo SR

roof, street, wall processes "l .
modelled .
single / multi layer models 4, =0 . h

domain size ~10 to 100 km

* Potential for changes at a range of scales

* Meteorological models - still need improvements . Nelghbourhood scele . _
* Wind speed around tall buildings reeen -1 EE TS B Qe

* Realistic settings . Svect mdng s

domain size ~10to 100 m

* Tools - that are usable for research and practitioners (e.g. UMEP)
* e.g. Public Health in NY
* London -future planning 2 pm DOY 190, 2010
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