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RAINFALL CHARACTERISTICS AT NORTHWESTERN CHINA

By Toshihisa Itano, Tetsuya Takemi and Yasushi MITsuTa

Synopsis

Rainfall characteristics over the HEIFE area in the Northwestern China are in-
vestigated as an example of rainfall it the midlatitude arid area. Especially, its relations to
the synoptic weather conditions are focused on. Results show that the rainfall within
HEIFE area is mainly caused by the wave disturbances over polar front. Rainfall amount
observed at the surface is revealed to be related linearly to the elevations of each station
and decreased to 100 mm/year at the bottom of Hexi Corridor, 70% of which is occupied by
desert.

The possibility of rainfall is considered to be determined by the upper air conditions.
During the summer, rainfall is sufficiently expected from the standpoint of water content
and stability. But because of high lifting condensation level and mean downward air
motion over the desert, rainfall is only possible when the large scale external forces like
wave disturbances over polar front exist on this region. Meanwhile in winter, water
content is quite small and stability shows nearly neutral. So, rainfall is hardly expected.
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4 (R (39°N 46', 98°E 29’ ), IE#k (38°N 56°, 100°E 26’ ) B LU E#) (38°N 38, 103°E05' )] &
EXSEOBKBO7F— 4 [EE (39°N22', 99°E50°), HiR (30°N 09, 100°E10°) B UEHK] TH
%5, AT, HEIFE iR IcEEh3 o - AN KX R v b7 —7 Ticgkshic 1 ARBRO7— 7 bEH
LTW3, 51z, HEAREKMETTZELTVISREE ‘Oxbb” ORAFT— 5% 199146 A
f» 5 9 BoKD F OB, 12 BEkE (0425 GMT & 1625 GMT] TR LTV 3,

3. HEIFE 5 T OEERf

HEIFE O EEES I3 hEILAERRIzH 7 3 39°N, 100°E O b 1= 0 ichiB T 3, HPEEE & FEHh 3 70 X
100 km A7 &M% v, FERRAIICIZF ~ v r EROILHYEEIC S 72 5 5,000 m D Qilian [LARD ILEED
5, JEEAEAIR 2,000 m D Longshou Lk & 2 DRICKE £y TWETEN > TV ARDEO—HES
CHRIBT, BB, A7 YR, FHRMEZ U CHMES S 4 BHIRERESRBEL TV 5,

Z @ HEIFE fE N O EREKER% Table 1 CBH L7, FH L, SRSEAFEREER, Qilian (UKD

Table 1. Annual rainfall and locations of three basic stations of Chinese Weather Bureau
(GaoTai, LinZe and ZhangYe) and the other local hydrological networks.

Rainfall (mmm/year) Location

Station/Year 1988 | 1989 | 1990 | 1991 |Longitude| Latitude | Elevation
GaoTai & B 95.2 99°5¢’ 39°22' 1332.2m
LinZe & R 91.3 | 100°10° 39°09° | 1453.7m
ZhangYe GGE #) *84.7 100°26' 38°56° 1482.7Tm
GaoYao (& B | 1469 92.1 | 133.7 75.2 | 100°2¢4 39°09 1415.0 m
PingChuan (E D] 129.1 | 1196 80.3 | 100°06’ 39°20° 1382.0 m
ShuangQuanHu GUE#D | 996 94.8 100°08’ 39°12 1430.0 m
YanChi (m #b) | 829 447 73.9 99°17 39°44° 1330.0 m

ZhengYiXia (Ez&E) | 849 52.7 1 103.2 72.2 99°28’ 39°49 13100 m
Bottom of Hexi Corridor

BaiShiYa (BFRE) | 653.7 | 4949 | 4349 101°10’ 38°04’ 3200.0 m
BianDuKou (&) 444.3 | 383.1 | 100°56' 38°14 2810.0 m
BingGouTai (k#H) | 4853 | 652.3 329.4 | 100°50° 38°17 2660.0 m
DaHe Kk mD| 2182 | 322.6 | 298.7 | 214.4 99°30° 39°00° 2660.0 m
DaYeKou CREOD) 390.3 261.7 | 100°19 38°36" 2400.0 m
HongShaHe GhrbiEp) | 288.4 | 231.8 207.4 99°12’ 39°10 2290.0 m
HuaZhai (16 %) | 2063 | 346.0 | 296.2 100°22’ 38°37 2160.0 m
HuoCheng (£ B 3969 | 399.7 242.6 | 101°0% 38°24’ 2400.0 m
LiYuanBao GIEE) | 198.2 | 1749 | 1523 100°00’ 38°58' 1760.0 m
LiuBa GOSN #)| 2178 | 1848 152.3 | 100°4% 38°39’ 1760.0 m

ShuanShuSi (W3 | 399.8 | 467.2 | 350.1 | 271.5 | 100°49 38°22 24100 m
WaFangCheng (ELEEIR) | 462.8 | 504.8 | 381.6 | 3195 | 100°29 38°26' 24400 m
XiShui (7 7K | 380.2 100°15° 38°22 2760.0 m
YaoGao (B # | 187.0 3442 | 1949 100°1Y 38°49 2380.0 m
YingLuoXia CE¥%ig) | 212.3 | 1474 | 1558 | 1204 | 100°11 38°49’ 1700.0 m

Mountainside of Qilian Mountain (SW of Hexi Corridor)

DongShanSi (BE1F) | 166.7 | 130.7 | 193.7 100°41 39°03 1900.0 m
HongSiHu (BL3Fi) | 1859 | 714 99.0 | 101°07 38°54' 2040.0 m
PingShanHu GEihi#) | 236.8 | 1095 | 207.1 | 128.3 | 100°50 39°10° 1880.0 m

Longshou Mountain Range (NE of Hexi Corridor)

* ; obtained with the periods from October 1990 to September 1991
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and elevation of each station.
Circles, squares, triangles and
stars mean that in 1988, 1989,
1990 and 1991 respectively.
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Fig. 2. Time serieses of daily rainfall records in 1991 at selected stations.

Upper three stations (GaoTai, LinZe and ZhangYe) are those at
the Bottom of Hexi Corridor, next two (DaHe and WaFangCheng)
are those at the mountainside of Qilian Mountain and final one
(PingShanHu) is that in Longshou Mountain.
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Fig. 2. Continued.
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Fig. 3. Time series of precipitable water at ZhangYe from
August 1, 1990 to the end of 1991.

_5_



134

FRP K ES 385 B-1

7.4 (1995)

Table 2. Summary of monthly mean precipitable water at JiuQuan, ZhangYe (with
monthly rainfall) and MinQin. :

JiuQuan (E#h) ZhangYe (GEH) MinQin (ER)
Precipitable water | Precipitable water | Rainfall | Precipitable water
Month (kg/m?) (kg/m?) (mm) (kg/m?)
90/ 8 16.1 18.8 20.1 17.9
9 9.8 11.8 13.9 11.1
10 6.9 7.6 9.6 7.7
11 44 49 14 4.3
12 3.6 35 0.0 2.7
91/ 1 3.0 29 04 2.9
2 3.0 3.0 0.0 2.7
3 45 4.4 4.2 4.6
4 5.8 6.1 5.2 6.1
5 6.5 7.9 8.7 7.9
6 13.7 15.4 21.3 14.2
7 18.7 18.3 74 17.1
8 19.7 19.3 24.8 19.9
9 9.4 10.3 1.7 10.3
10 6.2 7.6 / 6.9
11 3.0 34 0.0 3.0
12 35 34 2.3 31
(hPa) AUGUST (hPa) FEBRUARY
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112] T (7] b
C -600 1 ©-so00f ]
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Water Vapor Density Water Vapor Density
Fig. 4. Vertical profiles of monthly mean water vapor density at JiuQuan and MinQin for August
(left) and February (right) in 1991. Solid and dotted lines show that at JiuQuan and
MinQin respectively. For comparison, the profile at Naha (26°N 12', 127°E 40") calculated
by Heta and Mitsuta (1993) is also drawn by broken line in the August figure.
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Fig. 5. Vertical profiles of potential temperature (solid line), equivalent potential temperature
(broken line) and saturated equivalent potential temperature (dotted line) at ZhangYe.
Left is those in August and right in February at 1930 BST (Beijin Standard Time; GMT
+ 8) in 1991. Lifting condensation level is also shown by solid horizon line.
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REBEEHEL I > TREBREEN IR B bbb o TRARMSREOS NIV E VS MRS ERIZ >
TWb, Z20—F, 3SETHRTEALS5K6-8 A%l ETAEOMIRDB VTR E bBEEICHAKNS
bhd, 22T, HERMEOTMAHD LIFEHEEE%E A T500 hPa ¥ TRb Lt - BOXEEEH
NTHto FDLINKREELFHTB/°5 4 -9 -2 LT, BH*% Xu and Emanuel'? {2 - T, 500
hPa it & % KK & HIFRAHE O AT % IR TH NI 500 hPa & TRb L RORKEBEOEE LT
EHE LI, RTHROL SBT3,

Buoyancy=T,

500(in sine) T”soo(umd) .

CTT Togmgnam (& 500 hPa DK (K)

K[DRBE T, To g 1500 20 pror

hPa ¥ THb EW b hctike > ]

HORTHOKBRETH 5, LXK S

kb, BAGED L ZLRET, ~ 9§

ADLERBETH BT LIZME g_m

L/ Th B, Fig. 6 WEIcEy O s

% 1991 £ OEF OFRIITH B0 0 T 00 150 200 250 300 350
HiEmEIcBI 2L VEEIcLD (Day)
mEEBHO T HEAB 0K Fig. 6. Time series of buoyancy in ZhangYe during 1991. Thin
bBXSERELHE(EZRLTY line means that at 0730 BST and thick line at 1930 BST.
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Fig. 8. Time-longitude section of Black Body
Temperature (Tgp) along 40° % 2.5°.
T is classified into three categories
and drawn with light (220-240 K),
moderate (240-260K) and heavy
(260 K-) shade respectively. Time
series of twice daily rainfall record
averaged over GaoTai, LinZe and
ZhangYe is also drawn on the right.
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Fig. 9. Same as Fig. 8 except for time-latitude section along 100°E = 5°.
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(rm/hal fday) ZhangYe
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Fig. 10. Time serieses of various weather elements at ZhangYe during August in 1991
From the top, twice daily rainfall amount (mm/halfday), surface pressure
(hPa), surface air temperature (°C), lifting condensation level (hPa), buoyancy
(K) and Ta (K) derived from satellite respectively. Buoyancy of 0730 BST and
1930 BST are drawing separately in the same way as Fig. 6.

6. & =

Plo@®iin, EOMBRERKRE XUREE O TRFBEREEROWER T &+ cBKOWREH: A
b, EBE100 mm/year DMEABHER I TV EDTH 54, wkRicxd 2BKEBO L PEBRIHER
LOWED & S IS AHBS BELAKE L BRI LhBKEASNIEWE WO FELERET 5 LAPRERZ
HF2 2 h =X aBBOTVWEES5cEBbi s, 20L3U A H=XAD12ELT, HbLFEEEE
BEL, ThEHASEENREAGT T AR LRICER L, BEIRBVTHRS LIPS
BEVOR, 1 DRRBDEOHARCBVWTERD 7 5 v 7 RAANSV/IDIERD 7 5 v 7 APREK
HOERERLEB2ARVOTHEREESRL BY GEBS Toums— Toir, BB < Toouna), T OFE
BIgBEMET T E0biFoh s, £k, a—vy hTHe v 5 —ORERTF—F ZHV
BRPARBEREFA VI 3 EREOHKE, PEILERODERF <y FREROMBICHS BERRO TE
WETHB I MBI THED O, 2nd 3, BEER 7V E - FEBW D AT 5 KBK
W5 DOSHANSVWORMAT, HEROEMEIC L > TZORESFVADH TV REBHAREV
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DT, BHIRE->THHELTWEEVE, 20D THBRICL AMBMBHNEZSNIEVWSERGS
O, DX HRWTRERICE-> TESSEZEL OB T 3120, MERNEOHYEE R THY,
- TEVRL LTEESECHES D > TV I HHEENEZEL SN 5, i, THRESSZ2D, HO
DEETRHRERELSE S KSHAREELEN B bhod o TREEH MG S h, &R IIER
BOWH D X 5 BKEERIIFNBEBE VL XDABRBASNBZDKEELVIETHA D,

T.%8 & 0B

HEIFE S TR EZPOLICERICRIZHA L 2 ERBKESER S h 5, S 3,000 m 2L Eo Qilian
W T2 500 mm/year 2l LOBEKEHS A 50 23—, 0% 2rbE L5 5 FvEEIEEELR T34 100
mm/year iZ € TR/KB IRV 5, ¥ 100 km U DL E A H 3 HEIFE SEHERNOBAISICB VW TEBRIE
BREFRRKCAGNBIEL S, ThsOBRNIIRBEEOEBILIC L > T ERBISNTVE I EHWRBE
h, BEKKHE “Ub0” OFAEGRERAIER, BB EOFEEELIREL /- & 2icEFRNR
L3 EBERs N,

wic, DELFOAZOBED SBKORMEELTHI, KERBED 707 7 A VEFERTHB L,
BEoMic REBHBRE BVWAREELBVTHEESI 2 2ho 3 /4BELOEERTC E8bD -
Too MATREBEDETOREREZM N ERKEERT LD OBADB TR HHTEEII LM b
7o ¥ & b HEIFE SR (S BN TRESTEAL, 485 LFEESEST V20, BUOHIERER
Bl > TAEPAKRELEN 3 bbb THEMNS AV A V¥ X7 - VOBERR IS A, &
R OB D & 5 1L ABMEIS P HRE A O - ERAR O W3 T Ebbh - e —F, LD
KER - KEEOWAOEIKBEVTHRAES T VPRTERVWI Edbh T,
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