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BACKGROUND

The population and energy consumption are increasing, meanwhile extreme heat
events occurred are easier, urban function a important role in extreme temperature
events.

i ! Heatwave days
| | 6 hMean tempearature
1 1
| e =
: : 4t 2
1 1 Wy o
! f§ 2
1 1 = E
: | e 2r e
| 8 L2 g
1 i} BN RA TR A AT ALY L) . 3
3 =0 £
1 1 —
£ ! -2 3
§ i .
1 1
H i -4 : ; . L . .
i i 1260 1970 1980 1990 2000 20010
i i Year (Sun. et al., 2014)
i i (@)
1 1
b0 i
i 1950 1960 1970 1980 1990 2000 2010 2020 2030 2040 2050 E
1
i Year i
1 1
i H
! —e— Africa —0— Asia i
1
E —+— Europe —o— Latin America and the Caribbean i
1 1
i —x— Northern America —t— Oceania i
i i

(Source: United Nations, department of economic and social affairs,
World Urbanization prospects, 2018 Revision)

2010
(Song. et al., 2015)

3



BACKGROUND

0 Anthropogenic heat is referred to the waste heat flux released from
land surface to atmosphere, mainly by energy consumption and will
change the urban thermal environment.

® previous studies is mainly focus on the weather and short-term climate
effects of AHR .

® This work aims to reveal the long-term frequency and trend of extreme
temperature events caused by anthropogenic heat release(AHR)
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Temporal-spatial variation anthropogenic heat release (AHR) scheme was developed based on

energy consumption.
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Model: WRF3.9.1

ICBC:

NCEP FNL(@0.5° x05°)
SST (OISST)
Simulation period: 1999-2017

Exper iment design:
SPINUP : year 1999-2000

2 experiments: no anthropogenic heat release (no-AHR)
anthropogenic heat release  (AHR)

resolution : 3m (2-nested)

Physical Schemes

Physical Scheme Selected scheme option

Microphysics Kessler scheme
Longwave RRTM scheme
Shortwave MMS5 shortwave scheme
Cumulus Grell-Devenyi

Planetary boundary physics ACM2 PBL scheme

Land surface model NOAH-MP

Urban model SLUCM

/" WRFmodel ‘\\\
WREF Preprocessing system

Atmosphere model (WPS)

Energy [interaction
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- -
- -

AHR Gridded data

-
-~ ~

Urban canopy |
<
model !

e
{ Land surface model
~

=
"
-

1 _______ Sensible heat

u Abrupt temperature I—>| AHR scheme )471‘

Climatic temperature

New AHR scheme couple with WRF

105°E 110°E 115°E 120°E 125°E

48°N

46°N

-----

.....

110°E 114°E 1I8°E 122°E 126°E

simulation area g [ [T

(Beijing) 0 25 75 200 S0 1000 1500 ’o:ova




VALIDATIONS

Site/Regional variables Resource Other descriptions
. . . 20 observation sites; hourly; 2001
temperature National meteorological stations 2017 y
Site . .
wind speed Automatic weather stations 205 observation sites; hourly;
P Dec,2008-Dec,2010
CLDAS(China Meteorological
. Temperature and . ( ) & 0.0625°%0.0625°; hourly; 2008—
Regional . Administration Land Data
wind speed . 2014
Assimilation System)
0.84 270
0.8
40°40'N 0.76  40°40'N — 2.40
0.72
0.68 2.10
CC 0 640“20‘N — 0.64 40°20'N 1.80
>0. 0.6
0.56 1.50
40°N — 0.52 40°N —
RMSE<1.8 0.48 1.30
0.4 1.10
39°40'N - 0.4 39°40'N —
0.90
0.36 correlation coefficient
0.32 o o oo 00000 0.80
39°20'N — , I l 0 I 39°20'N — | I 017 0.24 o_soloa? 0.44 051 cl)_ss 0.65 072 o_l?r;
115°30'E 116°E 116°30'E 117°E 117°30'E 115°30'E 116°E 116°30'E 117°E 117°30'E

Wind speed comparisons between observed and simulated values: (a) correlation coefficients between CLDAS reanalysis data and AH
simulations (b) correlation coefficients and RMSEs between stations’ observation and AH simulations, the sizes of circles mean the values of
correlation coefficient and the colors represent RMSE.
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VALIDATION

Regional: Site:
correlation coefficients (CC) > 0.95 regression coefficients (RC) : 1~1.1
RMSE = 0.8C RMSE almost <2.5C

‘N ow
115°30'E 116°E 16%30'E 1HTE 117'30'5\5'& :

0996 09965 0997 09975 0998 09985 0999

Comparisons between observed and simulated values: (a) correlation coefficients between CLDAS temperatures and
AHR simulated temperatures; (b)—(u) 1:1 lines between observed temperatures and AHR simulated temperatures.



RESULTS

® Spatial distribution: most AHR is concentrated within the six ring roads of Beijing

® Yearly: AHR of Beijing increased from 2001 to 2010, then became stable and reached a
maximum

® Monthly: AHR is higher in winter than in other seasons
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RESULTS
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RESULTS

Seven extreme temperature indices (ETIs) were to represent both the extreme heat events
and extreme cold events

Index Index Description
name
FD Frost days Days below 02C in one year
TN10p Cold nights Days when the daily minimum temperature is lower than the

calendar day 10th percentile

TX10p Cold days Days when the daily maximum temperature is lower than the -

lendar day 10th til
calendar day percentile extreme cold events

TN90p Warm nights Days of the daily minimum temperature is higher than the -
calendar day 90th percentile
extreme heat events

TX90p Warm days Days when the daily maximum temperature higher than the
calendar day 90th percentile
SD Summer days  Days above 259C in one year
DTR Diurnal Maximum temperature minus minimum temperature for each day
temperature  inoneyear
range
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RESULTS

spatial distribution of average AETIs

from 2001 to 2017

regression coefficient between time series
and extreme temperature index differences

AETI time series and temporal trend lines

" from 2001 to 2017

extreme heat events was increasing
0.11 (ATX90p), 0.02 (ATN9Op), and 0.19 (ASD)

cold events were annually decreasing
10.26 (ATX10p), 0.56 (ATN10p), and 0.39 (AFD)

-
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AHR impact city center more significant than suburb, which
1s corroborated by the spatial correlation coefficients of AHR
and the ETIs and the #-test statistical significance of the ETIs
between no-AHR and AHR
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RESULTS

Increases in AHR had an
impact on boundary
atmospheric dynamic
processes. The planetary
boundary layer height (PBLH)
increased with rising AHR
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RESULTS

Extreme temperature events in this study were found to be controlled by the heating effect of
AHR, but can be relieved slightly due to the cooling effect of the boundary dynamic process.

| TX10p TX90p TN1Op TN9Op FD SD DTR
a -0.081 -0.126 -0.319 0.057 -0.124 0.140 -0.459
b 0.521 -0.528 0.572 -0.583 0.380 -0.553 0.445
[o -1.60E-07 6.38E-08 1.46E-08 4. 91E-08 4 .59E-08 1.15E-08 1.38E-07

a, b, and ¢ are multiple regression coefficients in the formula AETI = axAHR + bx(—APBLH) + c; AETI, AHR, and —APBLH are
normalized in the regression process.

Year Spring Summer Autumn Winter
a 0.082 0.210 -0.258 0.128 0.381
-0.880 -0.811 -0.896 -0.879 -0.422
c 1.99E-07 5.37E-08 -7.75E-09 -2.85E-08 -1.27E-06

a, b, and ¢ are multiple regression coefficients in the formula AT = axAHR + bx(—APBLH) + c. AT, AHR, and —APBLH are
normalized in the regression process.
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CONCLUSIONS

Long term temporal and spatial variation data AHR were processed, A new AHR
scheme was implemented in the Weather Research and Forecasting (WRF) model,
and Two experiments with and without AHR were performed.

® Temperature rise due to the AHR heating effect was mainly concentrated in the
urban center

® AHR reinforced the occurrence of extreme heat events, but restrained the
development of extreme cold events

® AHR and the atmospheric dynamic process play opposite roles in urban
temperature rise and the occurrence of extreme temperature events

® This simulation can applied to other cities, we guess other cities for those
developing counties may have the similar results.
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