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Table 1 The locations and relocations of the four sounding stations in Heilongjiang Province

i i K%/ (°E) b4 7 (°N) 14 /m TR REL ARGy
50953 W IR I 126.77 45.75 1423 2 1969, 1981
50557 T 125.23 49.17 2422 1 1971
50745 FFFIRIR 123.92 47.38 145.9 2 1964, 2002
50774 lEE =S 128.92 47.73 2409 1 1989

B AR WA H 07:00, 19:00 PGB U A [R] B2 I XU Gk 207 74 B AL AR B SR
Jei 1 2 A B URSTF- 3 S AN ] 8 B 1) H P RG, ARIRGE i A2 19 300, 600, 900 m
JEH . 2 AR RGHRN 4 A3 P2 R 5 (RIS 5 4 S S H T 10 mo=5 EL AU H
FEX07:00, 19:00 I XIC S 1 - YEAE R i H P RGE , FREETT T 545 5 B2 2 A R
I 2B AR G . 4 Db B B AR, ORI SE BT, T RITF I
B, YR 1961—20104E5E 3/ 50 a WL FEkL
1.2 itEAE

ARG A HDR A TR /D 2ok ik, IHRAEARSRETS (ARET 1,
20) WRMERIA RE BERRECH RIS E RS (AREG 1, 2----) WA
KRB BHRECONIE (), WFIRTFBIREAE TG AL 2 Gsd) 1)
G 2 IR R ek K AR e S A7 i MR S, JF R o=0.05 S i3
PEIRF-, 3SR 2% 3t F11 4 b 1249 XU ) 28 A A A T i 3 A G

FKHAREZET D, U3—SANEE, 68 NEZE, 9—10 7 hEkZE, 111
B2 A NAZE, VPR BURRNS H P RECEE, AR RSN 12101
A4 G M, BB 1971—2000 4F 30 a1, 448444 4 3k KU (1953 AR
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MNP 2 AT UL, 44 S35 S i) v 3 S 249 XU LA B 8 ) 25 1 AR AR AIE 78 B XL
K, RGEF/INE BT BRIT HUET 10 m = B A F0h, HAm a4, T HbTf 10 m &
BE B KGR KA IRAE S T, HROZ4 A fe H, s/ MEFE T 5 300 m = B2 XUEUR KA
WELE4H, HUOE10 HAS H, f/METET H 5 600 m 3 KU iR Al BU7E 4 H 3
W10 AL A, S/MEFET H 5 900 m s RGESARAE HEAE4 AR A, HIRE10
A, f/MEAET H o S35 KRG = R i, 10, 300, 600, 900 m & 4R
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Fig. 2 The monthly mean wind speed at different heights in boundary layer in Heilongjiang Province
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Table 2 Annual mean wind speed at different heights in Heilongjiang Province (1971 —2000) (m/s)

10m 300 m 600 m 900 m

[2FINT 3.375 8.035 8.513 8.663
[ ean 3.183 7.087 8.184 8.363
FEFFMEIR 3.038 8.003 8.382 8.354
B 1.812 6.282 8.061 9.047
4357 2.852 7.352 8.285 8.607

A5l AN TR g B K 2 AR ] R R A AL, WA ZE R WEETELE, Hu
10 m 3 4 Dol =R RGERGE R TRk, &8/ HERE, BRUME 600 m H
900 m [{ZE PR S R EAEL T, Hop G uhidf il B2, M E /N WA
AL, 10 mE EEA B X SO E M R EE AR B 4 A, BT H5F 55 G R TE 5
H, ByMEEET A HERE, AR R RN /RERFT IR /RIE4 A, BT
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PO 4% B B AU AEF R A (22, [3), 10 m i K KR /R, Hkoh
BT FFFFIEIR, /N 300 m 1600 m i IR M R IR ARSE S KU i ok, HRh
FFIEIR . WOT, PREKEER /DN 900 m R B R A KGR, HKOHIAIREE | IO,
FEFME RN o AR R BRI R R (R3), S EERZ A
W 255 10 m 3300 m e B A m KR PR, S/ MEIGT; 300 m %] 600 m
T FE IR KRR, S/MZFFFFIE/K; 600 mF] 900 m T 1 34 3 5 Ky 2
H, FEIFMIRIEA /N . PR 300 m %] 600 m 5 900 m 3 FL i 3 B I & T HA
i, EES/NLZE e A 6. I 900 m FEE, T EEh R MK E] /MK TR
SRR . FFFERR . WRRE . YT, P47 0.647 m/(s-100 m).
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Fig.3 Vertical distribution of annual mean wind speed at different heights in Heilongjiang Province (1971 —2000)

R3 AEASEIHREFEHEFHREEFHRIER (1971—2000 £F)

Table 3 The vertical rate of annual mean wind speed between different heights in Heilongjiang

Province (1971 —2000) (m/(s+100 m))
10 ~ 300 m 300 ~ 600 m 600 ~ 900 m 10~ 900 m
WA R I 1.607 0.159 0.050 0.594
oA 1.346 0.366 0.060 0.582
FFFFHIR 1.712 0.126 -0.009 0.597
(eSS 1.541 0.593 0.329 0.813
4353 1.552 0.311 0.107 0.647

P 4 22 25 H F I XGE S 900 m s B2 H SF KGR ZE (B 51, e HC it B 4
SR ICIE i S AL T RIRRE I . AR AT b, RS2 M R R M, AR
SCLRL900 m sy BE RGHE Y REHE, AT 10452 RS SR (E, 0T 4% T2 R 52 R 5 R
WAFERE . ATUL, 600 m s BE KU, P (BR/REE . FF5FIa/R) Ml (BT) sk A
S LRGN RE EEAR X L (PP ) sli/)y, 2732 i 52 e XUsE s/ VR E R T e 4%
A, 300 mp G, CEIIGE (RGRUE . FEFFIGK) A2l I o KU s/ VR E ISR T
600 m, A M IR Wi XGH D/ MR FE RS, & s ALl (BT 0003l 52 i v 52 i)
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Fig.4 The monthly mean wind speed difference based on the 10 m, 300 m, 600 m and 900 m in Heilongjiang

Province (1989 —2001)

F4 ARMEEGFEIF10. 300, 600 m FHXIES 900 m FHXEZEE (1971—2000 £ )

Table 4 The mean wind speed difference of 10 m, 300 m and 600 m from 900 m at different stations in

Heilongjiang Province(1971 —2000) (m/s)
= ARRE HE HE = X
10~900 m -5.63 -5.51 -4.52 -6.08 -6.34
T 300~900 m -0.95 -0.87 -0.61 —0.84 -1.34
600~900 m -0.16 -0.06 -0.06 -0.05 -0.38
10~900 m -5.64 -5.57 -4.48 -6.06 -6.37
il 300~900 m -0.35 -0.05 -0.25 -0.15 -0.76
600~900 m 0.03 0.24 0.05 0.23 -0.25
10~900 m -7.27 -6.92 -6.04 -7.82 -8.18
13 300~900 m -2.76 -2.56 -2.10 -3.00 -3.27
600~900 m -0.99 -0.95 -0.69 -1.00 -1.21

RSN FE RS 600 m B 5E, AFZ g R FHEAZ; i (HF) Wuhsz
SO, RGE RN B i . UTHBI 10 mE E KGE (e 4), IR Ll sk ) 5.63
m/s f15.64 m/s, HBMSEEIE/N7.27 m/s, Z2FF5 2100005 1.64 m/s f11.63 m/s; A
T AT 3 A R A7 M T EE SRS, XU S TR R YRR, B 2 IR 7 T R e 5 A
¥ BN
2.2 RURFER AT EFE

3 5 A ARARAS Sl AN [ g BE P KGR BR8] 5 3m i FHZR AN TR] a1 FE A5 AREACE X
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Table 5 Wind speed anomaly at different heights in each decade in Heilongjiang Province (m/s)
R w4 1960 474, 1970 474X, 19804FA%, 1990 4FA%, 2000 4EX
I 7RI 0.143 0.877 -0.191 -0.686 -1.202
om AT -1.002 0.285 0.062 -0.346 -0.413
FFFMIR 0.463 0.040 0.258 -0.298 0.011
& 0.394 0.119 -0.042 -0.078 -0.281
MR -0.269 -0.212 0.097 0.115 0.002
BT 0.021 -0.139 0.072 0.065 0.293
00m FIFMEIK 0.194 -0.269 0.136 0.132 -0.774
& -0.697 -0.004 0.210 -0.205 -0.080
I IR -0.075 -0.161 0.054 0.106 0.043
T -0.014 0.084 -0.002 -0.082 0.100
600 m
FEFFIIR 0.211 -0.304 0.191 0.113 -0.391
B -0.359 0.015 0.027 -0.042 0.073
MR IRIE 0.139 -0.104 0.056 0.049 -0.015
/e 0.215 0.076 -0.032 -0.043 0.051
900 m
FEFFIRIR 0.089 -0.364 0.200 0.164 -0.061
(RS -0.459 -0.077 0.064 0.014 -0.008
4 PTG REEHOTE 10 m S, 4
02 -2 KU 1960 4FACEL/N, 1970 4FRAR,
2 M1 K (3.182 m/s), M 1970 4FEAL %] 2000
£ 0.1+ BN, 2000 £ 3K B B ME
%jﬁ 0 10m (2.381 m/s) ; My /RTEMIT A 1970 4
R fRF1 2000 EACH R/,
el moom 1960 47 {51 2000 45 {1 JRL ik £ 2 /1
1960 1970 1980 1990 2000 1M1 55 55 15 JR MK 1960 4EAX 31 2000 4 1LY
R A . R—/h—R—/h—K; F

K5 AR NN L 4 5P 24 AR P2 g
Fig.5 The 4-station averaged annual mean wind speed anomaly g) = (7T (3.468 m/s) L FAE 1970

at different heights in each decade in Heilongjiang Province

AR, FFIER (3.501 m/s) . R (2.206 m/s) HIRTE 1960 4EAY, SF-34 XU ft /M AR
RIBIRIEE | R BLAE 2000 4R4%, BT RN 55 55 04 2R 43301 H BRAE 1960 448 1990 4
o FHIE, PA/REE. WOT . B 3 0 0T M T AR AT 1 KGH 8 e 0 A s vk 3, (H
FEFME IR B R L, M KGR AR A AL B AN e s
2002 A — AT us, HJE G b A ARSI , UL PR BT s, B b i 34 K
K, AR ECH 2000 450 RGN EZ R HZ —.

XF300. 600, 900 m 5 EERGH, 4535714 1980 4E14 3] 2000 4EACHR S/ NV HY, P
R i RAEARAE 1980 4E4X, [ 300 m P34 XU iz /INFE 1960 4-484F, 600 m A1900 m XLiH
He/ MR BLTE 19704848

19 WG iz KA ARG R (4.252 m/



104 T A BIpITA REGH I ZE AN KU AE 1k 1725

B AR AR, PR R A R 22 R (6. El6), 1961—
20104, THbT 10 m o B X AR AL EAA BE S s sk 3, 3% 0 0.162 m/(s- 10a), il
317 0.05 (9 B ZEPER Y 1971—2010 4EF1 1981—20104F, S Hb AT 10 m =5 B XU [ 3
A (31T 0.05 A9 S EPERG ) o 1M 300 m i B AR 24 KU AR fLE 1961—2010 4F- il
1971—2010 4F 2Rk, 1981—20104F 5 FRE#aH, (¥R ME T B &KL ; 600 m
1900 m 7 BE XA fb L AT 5, 1961—2010 4E 11 1971—2010 4F 6] S A i 2 19 - TH#
#, 19812010 [ WA & 1 R R

1961—20104F, 53l F-Ym M 10 m /5 A5 2 P RGH AR (L 25 S i/ a3, I8
T 0.01 BRI, m25300 m &L EEE, HREMLETERGESL iR, 1
H1300 m S ARG 0.05 WA AL, HARYIRE T B AL, B ReiBRm
SNBSS, (AR AR BKZE 900 m R RN B B s N EE S, 600 m
e R R A, 300 m RIS ISR T 0.05 B R ER(FE 6)

Ko AHTHARBTEFMENFHYREELER (1961—20104F)

Table 6 Changing rate of 4-station averaged annual and seasonal mean wind speed for different heights in

Heilongjiang Province (1961 —2010) (m/(s-10a))
JE w5 HZ hEE X7 &
10 m -0.218%* —-0.113%* -0.156%* -0.161** -0.162*
300 m 0.000 -0.006 0.023* 0.068* 0.028
600 m 0.010 -0.034 0.006 0.053 0.016
900 m 0.028 -0.032 -0.001 0.039 0.015

W #*a=0.01 K Nl W F RS *0=0.05 7K F T il b EHAT . T,

067 (a)10m 1.0 (5300 m
0.4 0.8
Z 021 —~ 0671
j_;ﬁ_‘ -02 1 o ! |
# _04 @ 02 AT U I Ili H LR
= 061 = 4]
—0.8 —0.6
1.0 - 08
1961 1971 1981 1991 2001 1961 1971 1981 1991 2001
Ay Ay
087 (¢)600 m 087 (d)900m
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£ | [ Ee]y) |
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Fig.6 The change of wind speed anomaly at different heights in Heilongjiang Province
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TN R EEAR AN A G AR a3, TR 7 e 45 0 45 B AT 24 KUk
AR AN AT AT GO o PR TES S U T 10 m 725 85 7 1 XUk 78 Ak AF DO 2R 5 B 5 Y
/ISR, 300 m R 600 m iR KGHAE (b A 35 FE B R B E RN, 900 m iR AR AN U R
AR RN 2 5 T T ML T 10 m 737 13 KGR AL AF RTDU 2 R d, 300 m g 3 XU
ARACAERIRK . A B340, 600 m i B JRUH AR LA RN DU 2 JC A S 434, 900 m i FEAY
HZF N BN TR R T T 10 m =5 B8 XUEAE £ AF 1Y 2472 30 I S rrp v
ANEEF, 300 m R BE RGE AR AL AR RO Z R e R B, PR A RN Z T A IR N A
0.05 &8 FPEAG, 600 m F1900 m i B XUHAR AU 2o A5 AL FA 34 AS i 25 (FH 0 30T L 1607 10
m 7R R AR AL AT R PU 20 e A I/ A, 300, 600 m i B XUE AR (LAE IR 2 | &5
TRk, 900 m i B A A Z kA S i

RT ABHARSEEMETEHRETLES

Table 7 Changing trend of annual and seasonal mean wind speed at different heights of four stations in

Heilongjiang Province (m/(s-10a))
B i FE "= = X2 4F
WA IR —0.529%%* —0.322%* -0.433%* —0.393%* —0.413%*
[ean 0.033 0.075 0.086 0.064 0.065
1om FFFFIRIR —0.202%* -0.082* ~0.118%* —0.154%% —0.144%*
& ~0.173%* -0.124%* -0.159%* -0.160%* -0.156%*
MR IRIE -0.006 0.030 0.109 0.145% 0.074
oA 0.042 0.004 0.140% 0.105* 0.084*
300m FFFEE IR -0.167* -0.150* -0.156* -0.114 -0.145%
AR 0.131%* 0.091 0.000 0.137%* 0.100%
W /R -0.033 -0.003 0.061 0.150* 0.051
e -0.023 -0.069 0.037 0.017 0.005
o0m FFFIEIR -0.049 -0.101 -0.070 -0.057 -0.070
& 0.145% 0.035 -0.004 0.102% 0.077*
M IRIE -0.088 -0.072 -0.016 0.098 -0.012
T -0.048 -0.120% -0.045 -0.044 -0.047
200 m FEFEIE IR 0.068 -0.010 0.035 0.020 0.026
B 0.178% 0.074 0.020 0.082 0.094*

ey ZR TR I i A1 2 AU A A A ) 2 B0 i PSSR L, B3R B 0 b i 8 2%
K, 300 m S LA bR B AN B TS (IO AT SR 7Kl FUBCRROR , AT i
BT TR, 900 m i BEAN I B 1 OB S B I/1N , T 80 30 i XL 5 B A2 0/
e, M5 G IRBEAN R LA R EES /N, 11 EH 300 m AT 600 m e JBE AR 44 XU AR £l
5 HAUSEESAATE], B R A RS, 300 m BT FEEEIUHIE (7).

3 e

X RRIETTAR 4D 4R2S w0 v 2 KB LI , 7 BORIA BE Y rp g ] SHNT 73k
AT TARY —PEAGS, Bof A Wi, PURVES —feab B, (B, 7E1961—
2010 4F (8], A P4 FE Y0 AP XSRS A8 BT, 1967—1970 4F 1], b am i) XUASC o 48 2R 18
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The Characteristics of Wind Speed Variation at Different
Altitudes of Boundary Layer in Heilongjiang Province

YU Hong-min', REN Guo-yu’, LIU Yu-lian'
(1. Heilongjiang Climate Center, Harbin 150030, China; 2. Laboratory for Climate Studies, National Climate Center,
CMA, Beijing 100081, China)

Abstract: Using the data of upper air and surface wind speed observed from Harbin,
Nenjiang, Qigihar and Yichun of Heilongjiang Province, from 1961 to 2010, the
characteristics of variation of wind speed in boundary layers are analyzed. The following
conclusions are drawn: 1) The annual mean wind speed increases with height from the
ground to 900 m, and the distribution of wind speed at different time of the year has
obvious characteristics of seasonal variation, with the maximum in springtime and the
minimum in wintertime at near-surface layer, and the minimum in summertime at the
remaining height layers; the maximum wind speed vertical increasing rate appears between
10 m and 300 m. 2) In 1961 - 2010, the largest mean wind speed at 10 m height is in the
1970s, and gradually decreases from the 1970s to the 2000s, with the smallest value
occurring in the 2000s; at 300 m, 600 m, 900 m heights, the largest mean wind speed is in
the 1980s, and wind speed gradually reduces from the 1980s to the 2000s, with the smallest
value being in the 1960s at 300 m and in the 1970s at 600 m and 900 m. 3) During 1961 -
2010, the mean wind speed at 10 m is weakening and the diminishing rate is 0.162 m/(s -
10a), and the trend occurs mainly after the 1970s. At 300 m, 600 m and 900 m, the mean
wind speed trends are not significant. 4) It seems that the significant slowdown trends of the
surface wind speed in Heilongjiang Province is mostly caused by the fast urbanization and
the change of observational environment.

Key words: climate change; wind energy resources; wind speed; boundary layers; Heilong-
jiang Province



