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J7 RIS UEE R , 945 A Kriging 2% TRMM FK BRI 11T IE , DABKARFE 1 40834 L X fe KR
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4500 m, 4700 m, 4 ¥ [ K 2 1 T B A LR 4r B4 16.6 mm/100 m. 10.8 mm/100 m,
9.8 mm/100 m, (4)1998-2016 4FAR 7 (LIHLIX AR rf 70 = B MK St 3 S g3 , s KBk s
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SR, R3%E LUl DX AR 5 St AR i 5 22 00 A1 I A3 SR A DX, 1l X g 1
P IR, PR 6 25 B AR5 K 5 MR 0 DG AT — o B e ™, ¥fe
DATHERS S W A R o Aok s TLRE SO BRI K Ji M TR S B K i FoR
H e, Aokt T —Fogr iy F Be Al ia e -5, TRMM (Tropical Rain-
fall Measurement Mission) T 1997 4F 11 A 7E H AR & 5 Ftas, 2 35 E NASA (National
Aeronautical and Spatial Administration) 5 H 4X NASDA (National Space Development
Agency) FL[FEDJFRAMFESEE TR, HARSLE, PN H S ESNREL ., 2058
A . TR G A A% S Ty b R A% (] 1 R v A RIS L Sy 5 /KA DG AT 58
feft T AR PR

FHOCATSERI], TRMM BRK B A7 7E s (Al o AR ELARAG A B, 7/ RUEE B
REAS T BLAE T b T UL A4 A R R, BORRARTE vp 25 B2 b X HAT o] JHPE™, (BAEAE—
FEDRZEM, GG OC TRMM FEK B B BF A ME A B, e b [ P9 AR R 3 3
XTI DL R, FIH TRMM FK BT R BRI ST 28 T i, AR SCIESS Gl
NHFFERY R A FHAROCHE T DR2EIFAE S5 D7 1:, S0 UE TRMM R K EE 7EAR % Ll b X
BOAGRE ,  [R) s ) o B 44 )7 B A v TRMM A K BRd , SR HIS  1L 3 X g Rk e 32
I ZSARARAAIE LA A A T L DX A AR AR 5 B IR R T S b RO RL 2 cHls

RO ERWIRFS 4 CiTE S

1.1 SRR

ARE LA T s R ARG, A THR . N5 B SRS RS, B
$8200~350 km, ZARPGHK 1200 km, HEFEL7E AT 36°30~39°30'N, 93°30'~103°EZ[H], b
VO LR, PSRRI, PO S BR A AR, AREEW A SR | SELLAE
N AR L — ZR A NW E [ A L KA gt i (1), KEB A3 LU K A TRE 3K 7E 4000 m
Db, e v W i L ) A 45 04 T 4Ky 5826.8 m, RIS LLARRT 2240k, MOEM T &
FRHSIEA, mil, B vkl gy 2, AR VISR RO A SR AR
X AR (RE—Hi L) . B GER—FEA) . 79 UERHIL—KREH) =B, 48
LA EAT B KRR A S & LA RRE, AR S °C, FERRK Y 250 mm, £
EhERZ, HAEROKE MR PGERE, R ZHIE2m, (8% 1L 2P W, K
ST ) T 7E— 2 e B N RGBS BRI BT =R i
) FEEAUEAMA X, 1L X530 A R A oK 1 LR AR R SR A5 gl A 1 70 2 ) 7K U
g, TRV AL BRI Al ) & R ER AL T A B AK BRI
1.2 #iEskiR

AR S AR AL SR 6 3 K SEE . TRMM R 7K B0 DL R W55 X DEM i 25
P, (1) KRG KM E R IR T EAR L E M (http:/data.cma.cn/) (K1), %E
FIWFRET ] S 2SR S, SR 27 A Gl i I EEEAE, TS5 TRMM 28
[i) B[] )7 810 £ R K 8808 (1998-20164F) . (2) TRMM /K K dli th € [/ NASA () God-dar
B oy oo #24E (https://mir- dor.gsfe.nasa.gov/cgi-bin) . A% 3C H % F§ TRMM T &2
3B43VT WA BB, BFBE R 1998-2016 4, %4 23 (0] 43 #1324 0.25°%0.25°, I}
[ HER J A, 235 R 50°8~50°N . 180°W~180°E, %idfif A5 4 19984E 1 H 1 H
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Fig. 1 General situation and station location of the Qilian Mountains

2 20174F2 H 28 H™, (3) WX fii A9 DEM /= B4 ok B P25 () %546 = (hitp: //
srtm.csi.cgiar.org/)
1.3 BARFE
1.3.1 FEATr ik

(1) HXFRER, 7307 55 UE TRMM FEZK B 5 5 ol S0 E P& ROARSCHE , R I
EERCY (=1, 1), YRGBT 1, R ERE ARG B>, (2) PRz
ME . %:iE TRMM FE/K BG5S 6 ul SSE R w22, BUEEE R (=00, +o0), AL H 0,
E{H R IER 22, /8 TRMM REK B = T Gl S5E s FUE b fidm2s, %78 TRMM B
HKBARART G SE, (3) ¥R 2E RMSE, RMSE B TRMM FE7K Bl 15 53 55
I A ERERE , IUEYE A [0, +oo], HALIE A 0,
1.3.2 AT kiR

(1) FIHI MATLAB A2 B 52 X 78 Fil A NetCDF 4% 20 TRMM F/K B8l , it
WORGETARAR AL PO AE A Bl . (2) ££ SURFER 12 8F MBS EIXFE I A TRMM
Wek /K Kt A= 7 shapefile 4% 0 SCHF, FETRRE5 UG 5 B0 A7 B A TRMM R K £ 26 1
Ko (3) XALRE UGN TRMM FKAS R | AR RKEEE X0 b, DAt
B E TRMM BUE AORE BE o (4) 38 32 00 RS s o 7 B FA) K B2 A 36 4K 4% TRMIME [ /K K4
TEBFSR XA DR 22 70 A a0, MATADRHIF 9 X i P Y TRMM BK Bs e A, (5) Al
FH TRMM (/KT IE£E 5 DEM i RS T R A i L e R 3K e T B I 25 A3 AR A5

2 ZERHr

2.1 HIEEGHEITE
2.1.1 Bl

K TE A2 H0TE | T4k . Rl oA SF i 2 I R 2 . TRMM FK B8 T A
TEREA™ 5 5 5wl SSME AR LEAFTE—E R 25, SR iiE TRMM FoKEs fAg 2, A3t
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BT ARE X 27 NG G vl SEI(E S TRMM R K BRI R (FHSERED . ME (FHJiR
22) MRMSE (PJ5fRiR2E) (K1) 134 5wl S INE -5 HXT I TRMM R K Ko #i 5
PEBCR , BRI R B 0.8 2y, Ul 5 i SE{E 5 TRMM R K S0t A7 B4 1) — 2K
Pho Horb, Z2INEEREKSEINE S TRMM EEK BRI RIS, 150.93, B TRMM [FK
Wt 55 5 0 S EDE PR SR o 15 AR o 65 3 S D {E-55 60 102 TRMM 7K 1) R
{6290.15, I TRMM K8l 7e smant T8 HPER 22 . ol S {E -5 TRMM /K X
PR (ME) 1E4EM . NIZE, #8222 SIS TfE, W] TRMM FEK B 7EIX
LB uh N RAE IR, A ™ B A IR v, 2961 mm. HAR 53 TRMM K%L
P15 65wl S EAH HLAR A AR BE e iy, P skt s Ao, 15172 mm sl 477
HARZER T AL, TRMM BORKEHREXIMN . £ KE . R BIEC S, 56
S S EAR LU IR ZEAE 25 mm DL, XKl . RS HLAY B R 22 ok, 3495 100 mm,
SMORE, TRMM BR85S 6wl SE e — Bk schr, BRI GuiRERR, Fitfrik
AR ITIE

F1 1BE LXK 1998-2016 &£ TRMM P&k 5 & o ST B K45 B PR
Table 1 Precision evaluation of TRMM precipitation and measured data in Qilian Mountains during 1998-2016

S5 Y% WHm R ME/mm  RMSE/mm | 485 ¥4 W/m R ME/mm RMSE/mm
1 R 11185 0.86 2.9 9.6 15 K¥H 31732 071 250 36.4
2 JEO 11709 0.78 5.8 14.9 16 f&4m 29815 093 -13.5 25.6
3 EIT 15260 0.92 8.8 17.6 17 MiZE 33015 078  -6.4 41.4
4 &8 12495 071 33.9 40.1 18 [JJR 2850.0 0.89  19.1 35.4
5 Wi 14771 0.84 58.6 61.1 19 MRA 28076 0.82 649 68.1
6 ki 14827 0.58 1724 175.9 20 KBt 27904 073 537 58.1
7 IFF 13646 081 143 27.5 21 #3191 0.80  -24.2 429
8 ®E 15315 0.15 85.1 102.2 22 JFn 28350  0.68 159 38.7
9 W= 15172 076  —61.8 86.9 23 i 22952 095 -2.9 18.9
10 L#E§s 30451 081 -156 40.0 24 AKE 19269  0.88 49 18.9
11 545 16310 064 366 61.0 25 2N 16309 093 -54 54.1
12 wi o 27700 071 11.9 142 26 L2 3087.6 049  —40.8 68.4
13 & 3367.0 076 3.1 28.6 27 WiE - 27874 0.69 384 70.8
14 B4 33200 0.85 -2.5 36.9

2.1.2 BFEPAIEA,

AR L L IX FRK T A FOAR Y, ZHEpER . BT, 5-10 HFR/KE 5 24FEREK
B 80%, ZFMEAKEA, 5% M TR (LHL X REK 7R A8 LI 5, PR 2 %)
TRMM 4B Z= 45 BB AORE B EATI0AIE . LA 19 4FE A9 TRMM [k Kt hy A8 8,
JOL 114 5 3 S A kg PR AR Al — o e e N 40 B (1812) o 255 S B B30 1) AH OC R 4K
R=0.94, @I T 0.01 S ZMERLS, B TRMM MK S0 5 4 0l SOmE > (8] B 24056, H
B —FrE . I W & Y [ K <300 mm I, 22 8HEE B R K S2IE KT
TRMM BFE/KEE , iR /KE>300 mm By, ZH0GEE ) TRMM FEACEEE R T 5 b S0miE .

A3 L b DX £ 3 1 BRAT 25 K Bt 550 1 FrY) TRMIME R 7K B i 4R PEAUL 65 45
WE 3, TRMM Z=45 K 55 060 0 15 3l SCMEAH G 5, 26 B TRMM B /K B8 76 4% 22
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Fig. 2 The fitting relationship between station
precipitation data and TRMM precipitation

data in Qilian Mountains
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Fig. 3 Seasonal fitting relationship between station precipitation data and TRMM precipitation data
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2.1.3 BEiTIE
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fli, KT EARICMER, (BRI G Uk LA A R IR . IR . AR Ll
X 27 S GG ul S E NS 08, SR PR A7 2 A TRMM Rk 85 58— 1ok
ZMH (E4) . il 4 & BTk AR S 55 ] P E R AARAE X () 2506 0 1E, B PAYE X —
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Fig. 4 Spatial distribution of the difference between TRMM precipitation and observed data of Qilian meteorological stations

g B AR AR AR ST 45 5, TR TRMM K B AT 3T 1E . 5% S0 53T
TRMM [ /KB 76 T e S R Bk I R 2548 . S T MERRCHE T TRMM 7K 2L
o R, ARSCEX MG E TR (£2), 3% iH Kriging 28 % [ K 520 {E 5
TRMM K BdE 2280 (K15) 474 E . 8 SURFER 12 F{4-EH T AB5% 11 K] il 1l
X2 (A% 8, JF 5 TRMM BB -1 T2, HERR T 1 TRMM S i AR % L
Hi DX AP R K R 5 2 T K A
2.2 TRMM iTIEEHEEDE L X &K MEK S EHTHT
2.2.1 ARI%E 1Lyh DX e KRR K v BE AT 125 (8] 43 A

1998-2016 4 TRMM F/K B SR 2 [ AR Fg ) PU AL sk s, 7. rh BRI KE o
1°4309.8 mm, 243.7 mm, [fij P4 BeAE

)y RE s L R P TS 2 ST
K AT 503 mm. 4K B R2 ARABETEENRE LM EKIRERETN

Table 2 Precision evaluation of precipitation in Qilian Mountains

Ig’%ﬁj{f Q /iF\ l__;é ['EJ @jtﬁvﬁ%%ﬁ I\ ’ ek with different interpolation methods
PSR 225, LT ARBLIGY LI B R ME/mm RMSE/mm
T IR AT 2 B K R T 400 mm, T T g e 0.996 49 15.4
ek B4 200 mm, HFEGERER L gk 0.995 7.7 17.5
[ R ISR S 11 € = aa gl EYNIES 0.992 5.1 20.1

A 4353 mm. 1313 mm, PHEKEH B 0.961 7.4 453
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Fig. 5 TRMM precipitation data, station measurements data and the difference between them
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R K ) AR AL E A 16.6 mm/100 mo AHELAR B, HBOAPE B K 36 AR B R WA
10.76 mm/100 m F19.8 mm/100 m, UiBHREAE IR ITHE, AR Bk A L BRI B & T
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= BERRK A AL A 51 8.23 mm/100 m. 12.25 mm/100 m F120.25 mm/100 m.
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K18, RIMAREILARE (#8a) He KRR mEEHTE 1998-2016 4F &2 L FHta#, B KiGHkH
i1 74500 m, JEERETRRELE 4100 m A AT s 1 AR BEREOK SR AEPRAS (LA K, 1998-2007 4F:

94°F 96°E 98°F 100°E 102°E 104°E
. — ik s "L AE Af/m
Z\ a - o Bk EL/mm g 58268 | Z
- = S
<t o <t

38°N
>
4 ':"‘
L0/ e
38°N

36°N
36°N

L P et W
98°E 100°E 102°E 104°E

94°E 96°E

K6 1998-2016 4 TRMM 4EH [ K 1k 23 (6] 43 A
Fig. 6 Spatial distribution of average annual TRMM precipitation during 1998-2016
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Fig. 7 Altitudinal variations of TRMM
precipitation in east, middle and west of the

Qilian Mountains
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Fig. 8 Variations of maximum precipitation height zone and maximum precipitation in east, middle and west of

Qilian Mountains during 1998-2016
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Study on maximum precipitation height zone in Qilian
Mountains area based on TRRM precipitation data

SUN Mei-ping'?, ZHANG Hai-yu', GONG Ning-gang', YAN Lu-xia', ZHAO Lin-lin'
(1. College of Geography and Environment Science, Northwest Normal University, Lanzhou 730070, China;
2. Northwest Institute of Eco-Environment and Resources, CAS, Lanzhou 730000, China)

Abstract: Atmospheric precipitation is the most important link in the process of global water
vapor cycle and energy conversion, and it is the material basis for the global ecosystem to
maintain stability. Therefore, it is increasingly important to monitor and forecast precipitation
for regional climate analysis, water resources evaluation and hydrological process simulation.
As an important ecological barrier, the Qilian Mountains plays a critical role in maintaining the
natural environment and social development in Northwest China. Thus, it is of great
significance to examine the distribution and variation of precipitation in the Qilian Mountains.
However, there are relatively few studies on precipitation in mountainous areas due to some
factors, such as insufficient measured data, complicated precipitation environment and so on,
which limits the further study to some extent. In recent years, with the development of satellite
inversion technology, the application of satellite to precipitation retrieval is becoming more and
more mature, which provides data support for the study of precipitation in mountainous areas.
Therefore, this paper uses the data of TRMM monthly precipitation and ground meteorological
station precipitation, combined with the error evaluation and other mathematical statistics and
Kriging interpolation method, to calibrate TRMM precipitation, so as to examine the
spatiotemporal variations of the zone of the maximum precipitation in the study area. The
results show that: (1) The overall performance of TRMM precipitation is good in the Qilian
Mountains. The measured annual precipitation of 31 meteorological stations has a high
correlation (0.94) with the TRMM data, and the correlation coefficients of the seasonal average
precipitation are 0.87 (spring), 0.89 (summer), 0.88 (autumn) and 0.7 (winter). (2) The errors of
some stations are large and the low values are overestimated and the high values are
underestimated. (3) Annual average precipitation shows a decreasing trend from east to west in
the region, and zones of the maximum precipitation in the eastern, central and western parts
appear at 4100 m, 4500 m and 4700 m, respectively. The vertical variation rates of the average
annual precipitation are 16.6 mm/100 m, 10.8 mm/100 m, 9.8 mm/100 m, respectively. (4) The
precipitation fluctuated and increased in the eastern, central and western parts of the study area
from 1998 to 2016. The zone of the maximum precipitation also shows a fluctuating upward
trend. The maximum precipitation height in each season decreases in the order of summer,
spring, autumn and winter.

Keywords: TRMM precipitation; maximum precipitation height zone; spatial and temporal dis-

tribution; Qilian Mountains area



