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Fig.3 The range of Taiyuan urban area from different data sources
(the hollow and solid circles denote the location of urban and rural stations, respectively)

(a)USGS1992, (b)DMSP2006, (¢)DMSP2012, (d)MODIS IGBP2001



%6 4]

BRI AGE  RJEUTIT #T  H  Z R R ) A5

919

XIETTERE . ATLUA H,1992 ~ 2012 48, KJFE FE 3 IX
A1 P4 ) B R 7k, R v [k i g
Kiz m A IS/ NSRS B 5K, [&13d hy
MODIS IGBP2001 f35 113 55 [, b DMSP 35 1l7 31 [l g
Ko BT, FET DMSP/OLS 38 %t USGS1992 3 i b
RBIFE IS YA, B8 R W R JFIR T 195K o

BT 3 AN LIS o e, PO X BRI 248 T
USGS 30" 73 ## 28 1Y b I 1 B2 FH Ml RS AL, 30
USGS X% ; b, | Ff 2006 4F DMSP/OLS 7% [a] k] Y64k
Xt USGS 30" FRAEAUEIE , 1t 2 DMSP2006 X% 5
¢, FIF 2012 4E DMSP/OLS 7% [al kT Y6 $ #E %F USGS
30" RABAUEIE , iy DMSP2012 %
3RS
3.1 #&=XIHE
311 2 m SRR A g

Shy A X R 3 X Ik YR e TR R A A 4L B
J1, AR T L 2 AR B 2 m AR UL AE
AT EE (B 4) A48 2 m S H AR fB AR 5 52
I A — 2, Horpg 1 DMSP2012 X559 2 m <,
TR 5 S B W) 4, USGS i I LA 2 m X,
T 58 S 0 A A1, 182 T80 5 AP AT O A1 B Sy B 25 & )

i, AR 2 m AR TR 22 D, R AUR
N

222 45 T SRR BN 2 m SRS 00
EHZ A FRAEIR2Z G0 X F 3R 7 o, USGS K18
SEEEROR 28K, AR (FHRIFR 0 ~12 h 24
~36 h 48 ~60 h) IR 0. 68 ~1.76 C , 7% [A]=,
HEARAG 3.8 ~4.1 °C, AR IR TR 2 B B/ N TR
1] ; DMSP2006 X560 [1 KSR 1. 06 ~ 1. 44 C |
IRMRAG A 1.24 ~1.62 °C, FR IR W 2= 17N
T[] ; DMSP2012 56 1 RS i 2E 0 1.09 ~ 1.
43 C A 1.06 ~1.43 C . 3 4RI T <R
FOMEL 55 LI A AH DG 2R 5053 5311 0. 88.,0.92.,0.92,
B DMSP 350 A4 kTl 2 m AR ORGSR T
USGS 286 , i H 2 6P 7% ] =il A A48, X T 2k
i, AN EHEE P B A 22 3504 1 C A4 M R A
}0. 96, HA R T I 22 B S/ N T3l 2680 3 41
PRI & AT 2 m SR MBSO AR Y, X 2 A
S B SRR T IR . DR, 2 T S A
FHESFL M A, B . 5 A A O I T 3 5
TR TR B, JE R SR T 7 (8] <R AT 2 °C DA ek
o RO R B G A B B, X AT AR A
N ARG HERL A S BRSO

38[ ~OBS + USGI992 ~DMSP2012 - DMSP2006|  38[ =~ OBS - USGI992 ~ DMSP2012 - DMSP2006
36 : Ao N 36 : S — —
31 A PN\ /4 1\ 34 Lot B/ e
palf i —F Bl F WLl ealfy— X T FY
= 30 AR T At 30 : [/ i J 1
gal g AR WRAER VA N
o 26 N SO S 26 R B N
24 \J PN N/ ) By
22 — : ; 22 Y = W/
Solisavc  1sAUG i 16AUG  17aUG]  2P[14AuG  TisAuG 1 T 16AuG  17A¥g
12:00  00:00 12:00 00:00 12:00  00:00 12:00  00:00 12:00 00:00 12:00  00:00
deatint = @ting
(a) (b)
B4 20134E8 14 H 12 BF % 17 H 00 B (a) 1 5 Kl (b)
ARSI S 2 m R R E -5 5000 H
Fig.4 Diurnal variations of observed and simulated 2 m temperature
in urban (a) and rural (b) stations from 12:00 August 14 to 00:00 August 17, 2013
F2 2m KBEEMSWNERRERZES T (BAL:C)
Tab.2 Comparison between the observed and simulated
temperatures at 2 m height for urban and rural stations ( Unit:°C)
» bR 22
B H X AR FEL
0~12 h 12~24h 24~36h 36~48h 48~60h 60~72h
USGS1992 1.76 4.10 0.68 3.80 1.55 3.38 0.88
DMSP2006 Wk 1.06 1.62 1.16 1.56 1.44 1.24 0.92
DMSP2012 1.09 1.25 1.38 1.06 1.43 0.07 0.92
USGS1992 0.73 1.05 1.15 1.26 1.54 0.98 0.96
DMSP2006 E20) 0.86 0.74 1.23 1.07 1.65 1.14 0.96
DMSP2012 0.76 0.62 1.36 0.66 1.25 1.45 0.96




920 + 2

324

3.1.2 bR A

it 5 MODIS P A 45 R XS L, 7 #r 3 2k
56 XF Hh 2 BE LR RE J) . &l 5a iy 15 H 11:58
(Abstad ) MODIS 1A Jz 3 A9 K Ji b DX b 3% 9 B 73
A7 HA R R 1 km, 0] DUA B KR A0 I X 3%
MEETR 316 K, 31— % A Y 1 22 0k B A 2% 8 ~ 10
K, HWy & Kiz @ i 0 5 0 3405 800,
USGS1992 B A540L 14 1 22 1l B2 43 A (&1 5b) IR,
WXL AR E S 312 K, IR £ iR 25 2 K, UHI 38 JiF

314
312
310
308
306
304
302
300
298
296
294

111.5°E

112°E

314
312
e H310
= 308
[ 1306
304
302
300
298
1l 296
204

112°E  112.5°E
(c)

113°E

38.5°N

37.5°N

¢ MODIS T8 S i 25 FAR AR, 35 Bl /), HL s A
PR IO WIS . ] Sc & 5d 4o
DMSP2006 . DMSP2012 it 55 155 401 1) Hb 2 L BE 43 A1
AT LATE 388 91 L A 1 S ) 0 5 8, o R X
FKIRFEIR 314 K, W5 2 MR RZER 6 ~8
K, H DMSP2012 3 30 8400 i UHL i [5] 1o 2 8 452
I F MODIS S 45 5. 5341, 3 ik g0l i K
Jirt A At 1 b i E 241 %5 MODIS T2 i i 45
s, 31X AT e S AL I S8 A k.

112.5°E
(b)

314
312
310
308
306
304
302
300
298
296
294

112.5°E  113°E

(d)

111.5°E

112°E

K5 2013428 15 H 11:58 HugeiR & 3 4 (#6L: K)
(a) MODIS, () USGS1992 , ( ¢) DMSP2006, (d) DMSP2012
Fig.5 The spatial distribution of skin temperature at 11:58 BT 15 August 2013 ( Unit;K)
(a)MODIS, (b)USGS1992, (c¢)DMSP2006, (d)DMSP2012

SR, 3 H MRS RO % ) DMSP2012
AU IR 3 45 SR -5 S DL BB, X T 2 m L
Mo FEHRE AOEIA R EGE . X R I MR REAR
AP EE AR ES B —, X R 7 1 B+
SrEE . [RIILBE R, IR v 23 Bk R 10 R SR AR
ARAFHL RS RO O B R ) — Pl A7 7B, fs
LR R R R AR BT A T L A
BRI RE , A B TR T Al i s )= AR

it i A K PN 16 5 BE O LS R A
3.1.3  UHI 5 BEEXS H RS 56

BT A 9 B E SO TR 22 AT, 3Rk
AT

AT =T, -T, (1)

AT T, 2350 30T £ Al 2 m i<l
X B R BT S i SR I P MR &
uifER & R, , HO i ARG (5 Bk 3,



%6 4]

TR A R T SR T 5K I SRR IR R 9 A B 5

921

®3 KEMHZUMIERXER

Tab.3 The information of the urban observatory and rural

automatic weather station in Taiyuan

Bz W% ZH WK/ m FEAE L
T s R 1A JE FEL 52
e S 112.53°F.37.87°N 204 X3 B s G, A0 T R T T BUR N JHE 58 4
T ik
[ GRIEAS G, AL T R /NS Xk AR R L, BE S
EZEED Mg E  112.58°E,37.62°N 716 SRR X 125 10 k00 55 B S0 b #5131, J&] 1] AR

hE

] 6 2 [ 36 A5 400 ) KT UHT 38 )3 5 0
My HASEXT L. 7T UAE 3 45 A48 a9 UHI
H AR ARAE S5 0000 1 K BOH ], H AR {35 F B B
S BRI TR BRAE | {H USGS1992 3 I 455 481 () UHI
I BARAR, Hoh gl 19 if 2= H 06 if, DMSP
TRIG RN LI (Y UHL 58 B SEARFREAE 5 C 424, 1M
USGS1992 jA B MEFEA TR EFE 2 C 5 K 10 ~
17 B, BE A UHL SR B S ARG GE 7E 2 C A4, T e
HRAFLETE 0 °C;06 ~ 10 B2 UHI PRty 55 4 ,
17 ~19 W& UHI P i B, 55 75,2 41 DMSP i
BRSO UHT 58 B2 BR 17 ~ 21 B B B o 00 )
Ab, I BEE /N

SR T AR B PR, R R T i
SRR FE R FNZE IS /)N, BE A% B A A K FH
TR IR AE B E] . BT K8 H 16 H 04 B
DMSP 5 5 USGS i 3a B 2 m i T4 25 1H
K, BB HAERS KSR, DMSP2006 5 USGS1992
3 56 A B, T IR DX 7 [B] R IR T 3 C
DMSP2012 5 USGS1992 (i B AH LE , A S 3% X A% [1] e

39°N
1
|
38.5°N f&o ?
L [ 4
N (]
38°N

1/2 £ @ e 2
oON (=)
37.5°N1 @ Efj//G@ . 1
@Pllé@
Q)
37°N Y
111°F 112°F 113°F 114°E

- 0BS

- USGS1992
DMSP2006

- DMSP2012

UHI/C
O = N WA U O I X

08:00 12:00 \‘16':00 20:00 00:00 04:00 08:00
16H

17H

i

| @stin)

K6 201348 A 16 H 08 if & 17 H 08 A}
AN ) UL iy UHL 5852 H 221
Fig.6 Diurnal variations of UHI intensity
simulated by different experiments and

observation from 08:00 16 to 08.:00 17 August 2013

T S °C, UHL 38 BEETH iR 2 ~3 °C, UHI 373
DX P R ST I X I e 2 e — 7 PR A
JAERE . AT DL, DMSP2012 G056 REAS S ViR L Sz ek
Jts X UHL 5 B2 f) H A RRAE , LT Sy 5K i
JSCHA ST A ) I P, A 5 R

39°NT- =N P9
1
4 y é/i QD
on] od : oy
38.5°N as - o (\2/5)/‘19

0 25
38oN{1 3o é? 2
9 a3ty =
u4 =

ooy 122
wen@ R
9 %\1 -
2 g

S
/J/‘—Bs -
37°N 5y e 9 o
111°E 112°E 113°E 114°E

(b)

K7 2013 4£8 [ 16 H 04 BEARNAR I 5 2 m R 2E(E (B2 C)
(a) DMSP2006 5 USGS1992 [ 248, (b) DMSP2012 5 USGS1992 (1) 2:1&
Fig.7 Difference of 2 m temperature simulated by different
experiments at 04 :00 on 16 August 2013 (Unit;°C)
(a) difference between DMSP2006 and USGS1992, (b ) difference between DMSP2012 and USGS1992



=

:F.

922

/:_C

% 32 %

3.2 WK A R B S S e A E AL
3.2.1 BTk XS R e V- R )
IR A JR Xo) Il T M Y RE AR PR AR i R
SERIRE , YT B A b B A AT R o
R, = H + LE + G, (2)
A (2)H R, AhE g & H R HGE & LE AT
POl i, Gy AEPE, AN W e m
] 8 JE AR X Hb e 1 H AR b, iR
S R P AR SIS A o R IR A R
M ESRE R SRIE . K 8a o, 3 A RIS e
S H AR L 22 S5 AN B, 8] (19 iF 2=k H 06
B ) e ) i ol O AR B 2%, H 5 5% o 1E
18,13 BRI, 24 650 W - m ™ 4K F
THT 42 52 1A v s S i 0 o JR A | v A e i ok
., (R B 3 A i AR — 0 0 RE T A7 e ok, R AE AR ]
B
W TEOCT , B R IR A b A
MTHAGE: KPR EE B e ) A G i, M 3R 3 GE KR
T R AE s RN AR B o SRk, &) i i e A
B/ R BRRAR /N (A5 R R A 7 THE,
PR RN ET L, & 8b AU Y B A
800
700
600
500
400 \
300
200
100
0

-100

-200
00:00

15AUG
350

(a)

—— USGS
—— DMSP2006
—— DMSP2012

HORSHEE /W - m?

06:00 12:00 18:00 00:00

16AUG

(c) — USGS
—— DMSP2006

—— DMSP2012

300

w250
200
150
1004
501 7

P e

=50
00:00
15AUG

06:00 12:00 18:00 00:00

16AUG

I HAk . AT L, USGS 85, 12:00 M2 [m] KA
L A, 18 :00 Ji5 H IR 1) s 3 A A A
{H 3% BE /N F (1 K ; DMSP2006 5 DMSP2012 it i,
12 : 00135 1] KA B ARAL B B Ay 5 B, 1 () b3 o)
KABSIE S, L 0 W - m ™, H 2012 4£°F
A AUL 1Y) SR A 57 T 2006 AR, U R 22
S, BEE ST K, ORI MR 1] A
JEPVERT IR , 2012 4F T SRR ER L 1992 4F T 4 7
HRRZ 150 W+ m ™2,

B T B 25 1 A FH BT 5 I () 3, T A 0
S BURS R) 3 e TR SGE R 29 1 h(& 8c) o 3T ik
(A 1 7 55 08/ b SR V)N, AR R R
ZZ B WL 0855 , W HRGE 5 H 2SR IR 2 /. 2012 4R
1992 AE T HGE BT 250 W - m T2 (& 8¢) .
T3 i AT R (AN RS RS 3R DL %
RIS HRIE , (1S K 2 R RE R A TR
Wb, 51992 4FF R U6 A L, 2012 4R i
TR KA IARE S B3R 2 50 W - m~* (5] 8d) .

ZE Bl UL T N R T oK e A T Hb R R iR A
BCOC AR , b 3R B AL i WY S8 i, 08 4G £ ] 4 O
55, FEST ) ZVE T R RE TSR

350

-
(b) /=2
*

—— USGS
300

/ X —— DMSP2006
i —— DMSP2012

&' 250 / X
200 / .
150 {/
100
50
0

-50
00:00

15AUG
250
200
o
150
100

06:00 12:00 18:00 00:00

16AUG

— USGS
—— DMSP2006
—— DMSP2012

fif#GEE /W - m™

-100
-150
-200

-250
00:00

15AUG

06:00 12:00 18:00 00:00

16AUG

P8 ANl A 0L F ik Xl 3t 2 R bl ik ) H A2 £k
(a) R B, (b) B, (o) M i, (d) A0

Fig.8 Diurnal variations of surface energy flux simulated by the three experiments

(a)net radiation flux, (b)sensible heat flux, (c)latent heat flux, (d)stored heat term



%6 4]

TR A R T SR T 5K I SRR IR R 9 A B 5

923

3.2.2 AP IR KR AL R

B9 Jydktli s AKIRIR A EL 28 2 A o AH EL
USGS1992 {5, fy T Hi 2K 75 A& ik /> , DMSP2006
IR 1 km DU RS KIS S, ok iR
FER T g - kg™ T2 ~4 km = ARG RN L,
FIGIEEE R 1.5 ¢ - kg ™' ; DMSP2012 %5 +1,1 km
PAR KIS B D IE R 1.5 g - kg ™' ,2 ~4 km 5

4.5 0 T TR T 7
L o 'EySumy 1
41 :\,"u‘/’!\ )
j BRI T 05 g
35y | I € VRl iy
1 L | LRI 05 = e
SRS (05 | FIRE PN
Vs I B
A\Ea 25 ,) W /}Ill (')"5 |l L= ies!
o R /I“ls/’ A N
i A ot 1Y P 1,0 | =
/e By, Vo N@ NN
L5 B o5y WWI4L G D
’ / : o5 )1y
1l ! AL S0t
/ / )} \/\ /// (0 V| A
/ =a\oy \ 1‘ 'I -05 \, I {
0.5 / —0.5 W I AN 0 ()/ \
Sehhan &l )
oLCN R R0 - =
00Z 06Z 127 187 00Z
TR

JEKIR A IR 2 g - kg™ KRS R AL IR B
T DMSP2006 X545, 7] UL, Bl A I T Ry, M
R D, 51 H FHZ WK T, 58
M T IR A e, 2 ~ 4 km @& B2 N KR & =W
BRI, KR D, AR 2 AR
FH T Inghe b 2R R0 A, S0l 3 I B I b T <
Y1 H A T R 3 T

4.5 TOSTT e
L\ = -3
4 . \.{25“ \ / \\ /0\‘ \
: \ il ) o5 \
35 ¥y NI
R | ! § / /| T
3 B S0
| A | ] \
s | | |
< 25 L5 3 oll | /l 1 ’: /'
M \ | y ) | l /
M2 Vo G, | -0y
[ \ 05 \ | \
15 NN |
0 \ .l \0 '\ ()
0.5 b ] ]
1 05 -05 0
/-/1 \ toA
0.5 » \\\\ l/l-_;\ lJ (
R I £ a
0 J i \\01(\ B\
00Z 067 127 187 00Z
g in)

B9 R A KIRIR A R 2 A8 (B g - kg ™)

(a) DMSP2006 5 USGS1992 f{24{E, (b) DMSP2012 5 USGS1992 (1) 248
Fig.9 The variations of water vapor mixing ratio over urban station ( Unit:g - kg™")
(a)the difference between DMSP2006 and USGS1992,

(b) the difference between DMSP2012 and USGS1992
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Fig. 10  Distribution of turbulence energy simulated by different experiments over urban station
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The changes of mixing layer over urban station
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Statistical Characteristics of Turbulence and Comparison of Turbulence
Fluxes in Urban and Suburb of Nanjing in Summer

WANG Ying, JIANG Haimei, JIN Wenjie, HAN Yongxiang

( Nanjing University of Information Science and Technology, Key Laboratory for
Aerosol — Cloud — Precipitation of China Meteorological Administration, Nanjing 210044, China)

Abstract: Based on the observational turbulence data from the three — dimensional experiments at urban and suburban sites of Nanjing
in summer of 2010, the statistical characteristics of turbulence and fluxes were comparatively analyzed. The results showed that the av-
erage wind speed over urban surface was larger than that over suburb surface. The turbulence intensity I, and I, in the horizontal direc-
tions of urban and suburb was greater than /_ in the vertical direction, and the I, was greater than I . The difference of /, and I between
suburb and urban was small, but the I, of suburb was significantly less than that of urban. The wind speed normalized standard devia-
tions o, /u, , o,/u, , o0,/u, in urban and suburb could be fitted according to the ‘law of 1/3 fractional power’ , and the ¢ ,/u, and
o,/u, in urban were obviously less than those in other areas, while the o, /u, was greater than that in suburb. And then the fitting
curves of wind speed normalized standard deviations in suburb were similar with farmland. In summer, the latent heat flux was leading
in suburb, while the sensible heat flux was leading in urban, and the influence of solar radiation on the turbulence heat flux in urban
was larger than that in suburb.

Key words: urban and suburb comparison; turbulence intensity; turbulence statistics; turbulence heat fluxes
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A Case Study on the Effect of Urban Underlying Expansion on
Atmosphere Boundary Layer Characteristics in Taiyuan

DONG Chunging, GUO Yuanyuan, ZHAO Guixiang, QIU Guiqgiang

(Shanxi Meteorological Observatory, Taiyuan 030006, China)

Abstract : In order to understand the effect of urbanization on the local urban boundary layer, based on the light intensity at night from
high resolution satellite, the latest spatial distribution of land use types in urban was obtained, firstly. And on this basis the impact of
urbanization development on characteristics of atmosphere boundary layer ( ABL) over Taiyuan during a high temperature event which
occurred on 14 to 16 August 2013 was conducted by introducing the high resolution land use of urban to numerical model. The results
showed that the amended surface parameter in model with the nighttime light images from DMSP/OLS could not only accurately show
the urban expansion in Taiyuan’ s main city zones and small scale buildings along highways, but also effectively improved the forecas-
ting capability of model, especially on skin and surface temperature. The expansion of urban underlying has a significant influence on
the increase of the urban heat island (UHI) intensity and night temperature of urban areas. Compared with urban uderlying in 1992,
the temperature at night of urban areas in Taiyuan increased by 5 °C under sunny weather condition,and the intensity of UHI increased
by 2 ~3 “C. The expansion of urban changed the distribution of earth surface energy, with a significant increase of sensible heat flux
and decrease of latent flux, and then the heat storage capability under the effect of the urban canopy was enhanced. Further study on
the turbulent exchange and the water vapor transfer in the boundary layer found that the water vapor transfer from the urban surface and
the water vapor content in the boundary layer decreased, while the content over the height of 2 —4 km increased. The height influenced
by turbulent kinetic energy increased, and the turbulence strengthened. The boundary layer over urban at 14 .00 BT was even lifted by
800 m, and the mixing layer deepened and lasted longer.

Key words: urbanization; UHI; nighttime light intensity; urban boundary layer





