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Comprehensive observation research on urban atmospheric boundary layer
— Description of field experiment and analysis
of micrometeorological properties in the surface layer
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Abstract: Two field observation experiments in Nanjing aimed at urban boundary layer researches were

described. The observation data were analyzed and some micrometeorological properties in the urban
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surface layer were obtained. The main results are: Air temperature in the urban area is significantly higher
than in the suburban area, which embodies the presence of urban heat island effect, and the differences of
air temperature between the urban and suburban areas decrease with height. During the observation period
in the winter of 2006, wind speed in the urban area is about 1 m/s less than in the suburban area, which
reflects the damping, friction and drag effects of urban buildings on the airflow. Sensible heat flux in the
daytime in the urban area is approximately equivalent to that in the suburban area, but latent heat flux in
the urban area is far less than in the suburban area, thus the Bowen ratio in the urban area is far larger
than in the suburban area. In the summer, friction velocity in the urban area is 34% larger than in the
suburban area, and is 23% larger in the winter. In this paper, a new variable, normalized friction velocity,
was introduced, of which the mean value was found a constant not varying with time and season. It is
found that the proportion of vertical turbulent energy to total turbulent energy in the urban area is
somewhat larger than in the suburban area during the winter of 2006.

Key words: urban boundary layer; comprehensive observation; surface layer; micrometeorological

properties; normalized friction velocity
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Fig. 1 Land use types of Nanjing City and sites of comprehensive

observation experiment on the urban boundary layer
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Tab. 1 Daily weather record during the two experiment periods
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Tab.2 Mean values of the micrometeorological characteristic
quantities during the Nanjing urban boundary layer experiment
periods (in the summer of 2005 and winter of 2006)
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Fig. 2 Comparison of the surface layer air temperature
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between the urban and suburban area
in the summer (July 17~27, 2005)
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Fig.3 Comparison of the surface layer air temperature
between the urban and suburban area
in the winter (February 19~27, 2006)
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Fig. 4 Comparison of the surface layer air temperature
between the urban and suburban area
in the winter (February 19~27, 2006)
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Fig. 5 Comparison of the surface layer mean wind speed
between the urban and suburban area
in the winter (February 17~27, 2006)
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Fig. 6 Comparison of sensible heat flux between the urban

and suburban area in the summer (July 17~27, 2005)
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Fig. 8 Comparison of friction velocity between the urban

and suburban area in the summer (July 17~27, 2005)
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and suburban area in the winter (February 19~27, 2006)
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Fig. 10 Comparison of the normalized friction velocity between the urban and suburban area in the summer and winter
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between the urban and suburban area
in the winter (February 17~26, 2006)

Fh 08 T A3 3 SR 4 B T
SRR 117 17 b 05 2% S0 ], 6 P
AR AT SO0 S Wt I/ RSP
RFIE 9257,

it

"oy
=N

!

| X

N

w0

AT T B AU A R SR L S 5, O
X S T AR GEREEAT 1 1A S0 A i a3k 2
MWL ZE R BIRT LG, FRAF 1 — LOIR T T )= R

FEAFEE XS R HAT TR, P EEEEIR R .

CT) T IR & T RE D, ARE 3 T 3
BN P AAAE, X — IR 7E K 2 A5 0 B &, 2005
AE L UL A TR] , 30/ K81 34 1l 1hn i 22 D 3. 06 °C 5 i
2006 4 A& Z= 0L W0 3 18], 30/ &8 7 34 b i 22 N
0. 84 °C, T DX 5 &R DX 9 A< 22 S B 1oy B 194 344 hn i
/)N 5

(1) 2006 FFEAZETTIX 10 m 15 BE AL i S 2 X
BN 2,22 m/s, ZFIX A 3. 26 m/s. 117 X 19 JXGHE H AR
X238 1 m/s, B I T 2 S0 A0 %o A=t ) R 482 L R
JE R4t BL AR 36 L6 AR il 457 1 KGR 72 9T |
25 Pk il — R A R Y S e A i i B RE

CID T3 DX R AR ARG 50 DXAH 2, (H 78 4
A G /N RRIX, PR T DX i R HE e R AR X, Tl
DX T i PRI b 3R BB 1 B0 o A B R A
R T A B 25O ) 2 R L. B 2, T X R G
AR MIE, AR XA R IE M7 SRS
22 T XY G e TR R) o U AE e (E AT
XN FEIE T3, 3 BORAE XI5 3808 BT S —
AP

CIV) 20000 e 1), iy DX EE 88 B 24 {1 R 0. 55
m/s, RBIX A 0. 41 m/s, TTIX LERBIX 15 34 % 5 2 Z= 00
DG ], T DX B8 458 3 )2 Y (BN 0. 43 m/s. ZEIX Ny
0.35 m/s, T IX LA X B 23%. XM E R TFRE,
X R FRBIX AR R, T4/ BT HE
/2B H I )y 12 B AN [R] T 5 R i I T S
F5

(V) AT & Ml it S 3 5 7% A6 R T Ui
Y BIR% 2R Bl i 26 AV i B A 5 55, ARSIt
BT IH LR, B A TR R DL 10 m
o FEE AL AT YA XU, %o 4% | BV 2R R L R R b Y L
BRI 0 — AR 82 i B EL AT AR B A AR AL R — 2K
P, BRI A A AN Rl 25 RIS ] A8 A0 A R, 7 B
R L5 1 S AT O, X LB ) s 25 R AR /N, A
R R A, T XA I —fR BE 8 B fE R 0. 20,
RBIX A 0. 11, F B AR TH X A5 B8 K0 3l & i, o
S, B 2 0 T34 B e i AL A i i Bl e ;

(VD ARGE S B i 2 o2 +o) 51
ELII 7 22 o2 W55 R B B H AT 5% s i i 2 7E
TN ELPI A7 0] A BCARRAIE. 7E 2006 442
NI AGITE] T XY 62/ (6 40" FE391E N 0. 16, KR IX
RO 14, X A E 7 m T S lLE R T
RBIX.,



32 FEAFHAKRFFIR % 39 %
ARG TAEAN X AT 35 T 1 L 2 254 U Modeling ~ for  Regulatory  Purposes. Rouen,

SERHEAT 1A AT UL G5 R AT TR S0, 3R
Bt 1 — BT 2 GG B AR A — 28
R, 2 (A R TARE AT o
FEAN PR LA 0 300 T 30 5 = A A 4R 1) 2 i I
FOE AR A AN

it Bt BA R K A AT P AR AT
R, b EAF B R 3 5 Ak BT T R £
BFR R R BERAF R S AT ARSI 3 WL 5L Bh 64
KA X F 45 8.

£ 2% 3Lk (References)

(1] B, /AW 2032 s 0t H A UK ARy
Bt RAR R R TAELCT//2004 41D
BB TR S, At IR ARB 2R EZ R
43,2004,

[ 2 ] National Scientific Foundation. The Scientific Agenda
[C]//USA: NSF, 2002.

[ 3] WRaE, BEAEmE. TA st 3T Ak AR X O )2 1 52 il
FELT]. MR IR0, 2007, 50(1) 1 66-73.

[ 4 ] farme R0, 5 4EHH , R, 3. A IR XTIk i 30 52 454
R A BUE AU LT ). M ERY BE 74, 2007, 50 (1)
74-82.

[ 5 ] European Commission. Surface energy balance in urban
areas C]//Extended Abstracts of an Expert Meeting,
WG-2 COST Action 715 (COST-715). Antwerp,
Belgium: Report EUR 9447, 2001.

[ 6 ] Belcher S E (Leading Researcher). URGENT Air
Science Project, UWERN urban meteorology program
[C]//European Commission, 2002.

[ 7] Allwine K J, Shinn J H, Strcit G E. Overview of
URBAN 2000: A multiscale field study of dispersion
through an urban environment [ J]. Bulletin of the
American Meteorological Society, 2002, 83: 521-536.

[ 8 ] Fisher B, Kukkonen J, Schatzmann M. Meteorology
applied to urban air pollution problems: COST 715
[C]//Presented at the 6th International Conlerence on

Atmospheric  Dispersion

Harmonization  within

France: 1999.

[ 9 ] Craig K J, Bornstein R D. Urbanization of Numerical
Mesoscale Models[ C]//Workshop on Urban Boundary
Layer Parameterizations ( COST  Action 715 ).
Zurich; 2001.

[10] Mestayer P G, Durand P, Augustin P. The urban
boundary-layer field campaign in Marseille ( UBL/
CLU-ESCOMPTE): Set-up and first results [ J ].
Boundary-Layer Meteorology, 2005, 114 315-365.

[11] Oke T R, Sproken-Smith R A, Jauregui E, et al. The
energy balance of central Mexico City during the dry
scason [ J ].  Atmospheric Environment, 1999, 33
3 919-3 930.

[12] Kanda M, Moriwaki R, Roth M, et al. Area-averaged
sensible heat flux and a new method to determine zero-
plane displacement length over an urban surface using
scintillometry [ J |. Boundary-Layer Meteorology,
2002, 105 177-193.

[13] Rotach M W, Vogt R, Bernhofer C, et al. BUBBLE-
an urban boundary layer meteorology project [ J].
Theoretical and Applied Climatology, 2004; 10. 1007/
s00704-004-0117-9.

(147 BHE, BEBIRE R E A5, ETRTE - X AR I 50 R 7
JZ B 25 A WA 55 . SEIR A 28 MG M2 R R AE
B[], KSR, 2006,30(5) : 883-893.

(157 TRFEEE, T W%, MARAR. Jb a3l it R B s JepL 3
SRR, B RSREE R, 2006, 17(6) - 815-828.

[16] XULLAE B 4Ef , PNET 55, T st T i R 2 I e
AR 55 73T [T ). B at R4 CH 2R BE#) L 2008, 44
(1):99-106.

(177 F BRI, PN B A5 i 7K U8 T S i e 1 A
AER LI 55 73BT 1. B R4 CH AR R L 2007,
43(3):270-279.

(18] FNENT 5 AR, 250 B L 55, X0 It 370 3L 22 o0 e A4 ikt
ZHAL BRI SELT ). h ERR A HOR K225, 2003,
33(1):119-124.

C197 ALY, INEET 3 AR S, WP L2 i BE Tl 58
HICRE [T ], B BOR R 2 41, 2006, 36 (10)
1 111-1 116.



