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Study on the Characteristics of Atmospheric Water Resources and
Hydrometeor Precipitation Efficiency over the Liupan Mountain

Area
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Abstract: To develop atmospheric water resources reasonably over the Liupan Mountain area
based on precipitation enhancement techniques, it is necessary to understand firstly the influence
of water vapor field and topography on local precipitation, the characteristics of water resources in
the air and the hydrometeor precipitation efficiency of clouds in typical precipitation processes
over this area. Based on the high spatial and temporal resolution reanalysis dataset issued by the
European Centre for Medium-Range Weather Forecasts(ECMWF) and the moderate resolution
imaging spectrometer (MODIS) data, the features of water vapor transport, the convergence and
ascending motion of water vapor flux forced by topography, as well as orographic cloud
characteristics are investigated using statistical analysis methods. Besides, during several
precipitation events with stratus clouds embedded in convective systems moving from west to east
in the summer of 2016 and 2017, the hydrometeor precipitation efficiency is calculated based on
the simulation results of WRF model and ERAS reanalysis dataset respectively. Results are as
follows. In the east of Northwest China, there are abundant atmospheric precipitable water and
stronger water vapor transport over Liupan Mountain area. Affected by the Asian monsoon,
abundant water vapor is transported by the southerly wind into this area in summer, which makes
the mountain area become a higher relative humidity zone. The clouds fraction(CF) reaches 70%

over the Liupan Mountain in the afternoon of spring, summer and autumn, and the cloud water



path (CWP) and the optical thickness (COT) in summer are significantly larger than those over the
surrounding areas. The dynamic field caused by topography has a significant impact on summer
precipitation. Obvious convergence and ascending motion of water vapor flux forced by
topography occurs in the process with daily precipitation exceeding Smm, and the more intense
the convergence and ascending motion is, the stronger the corresponding rainfall intensity is. In
the typical precipitation systems in summer, the average hydrometeor precipitation efficiency is
about 48.1% and much of the hydrometeor in the air fails to become precipitation. Therefore, as a
source of water conservation, the Liupan Mountain area has relatively abundant atmospheric water
resources but insufficient precipitation in summer, which means certain potential in this area for

developing the atmospheric water resources.
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Fig. 1 Annual average precipitation distribution in the east of Northwest China during 1987 to 2017 (units: mm).
The red rectangular frame and green elliptical frame represent Liupan Mountain area and Qilian Mountain area,

respectively
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Fig.2  Annual(a) and summer (b) mean distribution of atmospheric precipitable water in the east of Northwest

China during the period from 2010 to 2017(units: mm)
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Fig. 3 Annual(a) and summer(b) average water vapor flux distribution in the east of Northwest China during the

period from 2010 to 2017 (units: g/(cm * s))
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Fig4 Annual(a) and summer(b) average distribution of vapor flux(units : g/(s-hpa-cm)) at 700hPa in the east of
Northwest China during the period from 2010 to 2017. The vector arrow indicates the wind field(units : m/s)
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Fig.5 Horizontal distribution of water vapor flux divergence in the Liupan Mountain area at 750 hPa near the
surface in the heavy summer precipitation during the period from 2010 to 2017. The black solid line indicates
altitude over 2000m ASL, the white fine line represents the provincial boundary, the black vector arrows show the

wind field(units : m/s), and the color map gives the water vapor flux divergence(units: g/(sscm?shpa))



(a) )

Pressure(hPa)

()105E 105.6E  106.2E  106.8E  107.4E 105E 105.6E  10BZE 106.8E  107.4E
C (d)

Pressure(hPa)

105E 105.6E  106.2E  106.8E  107.4E 1058 1056E 10B.ZE T046.8E  107.4E

—4g—07 -3e—07 -2e-07 —1e-07 -5e—-08 Q Ge—08 1e—07 2e—07

f

300

350

Pressure(hPa)

J&ZN 348N 354M 38N 368N IT.ZN 3V.8N
h
o0 thy

350 350
400 400
450 450
500 500

Pressure(hPa)

UHIN 34BN 394N 36N JBEN 372N 378N N 34BN 354N 3BN 36BN 372N 378N
—4e—07 —3e—07 —1£-07 —5¢-08 0  Se—08 ‘e—07 3Je—07 4e—07

6 2010-2017 FiE R Z MR EFREKTRRPACIBEME (B g/ (seom’*hpa) ) EEF|IEE. H
(@)~ (d) FHAEQ-OXKMKIBE THITFRR, 535.5° N, HLIRAZE, LI AFER (B4
hPa). (e)-(h) 5 (a)-(d)#8[E], 1BAE 106.2° E MFIEE. EhEGAF AR, LEEIERAELD
FREME, BeERKIBENE

Fig. 6 Distribution of water vapor flux divergence in the Liupan Mountain area during the period from 2010-2017.
(a)-(d) are the profiles along 35.5° N, the abscissa indicates longitude, and the ordinate represents the isobaric

surface (units: hPa). (a) - (d) show the average condition of divergence in type @-®), respectively, (e)-(h) are the

same as (a)-(d),but for profiles along 106.2°E. The black shadow shows the terrain, the red arrow indicates the



location of the Liupan mountaintop, and the color shaded shows the moisture flux divergence(units: g/(sscm?shpa))
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BRX T AT Z=T P4, X KB R B KEHAT T, K
8(a)F1(b) 73l MBEK = ) COT Al CWP Sl s34 (I 35.5N, 1L X {4 105.6-106.7E,
WAL T 106.2E 4b). HEEKZZR COT F CWP ¥k, =, HELEAHIL B E 0w .
B KPIZEREKE 2 COT Al CWP AR w8 X 5 i X8 Bl A BUF R Bk &, Hh B2
CWP e i DX U X BB P, RS P = 3R 0L (&l 7e) BRI, &5 EX =S
BRSRITRIL, BRERKE A E 600mm, (HAEKIR T HAFEH Y 818 36 RS
AN, ANELMX ZKERHEAEFESE, THAERZE.



spring summer autumn
35

550

(b)

CWP/ (g/m?)
350 450

250

150

L 1 L L 15 L 1 L L
105. 4E 105.8E 106.2E 106. 6E 107E 105. 4E 105.8E 106.2E 106.6E 107E

B8 AR{EUMXE. B, HFEHEKZFRMCWP (a) F1C0T (b) MIEHESH (GA35.5° N, BiL: g/m)
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in Liupan Mountain area(along 35.5° N, units: g/m?)
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Fig. 9 The double nested simulation domains used in WRF model
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S, AFEIE 10, D9 BT AEAO FREK FARBIRCR 23l ST G R R R B K
5505 B2 1K) B Bl SR S B K I B 5 T AR G R B R, IR B3 AR 22 RMSE (L3R 1. A
KEBUNT 0.4 MIRFERR, AT 0.4-0.7 AR FEME, 4T 0.7 Fl 1 (B AREEARR. H
T LERKRE, TN K 37 5 520 B B 7K 37 4 S5 38 B8 FEE 1R 2 TR AR DG, st
0. 001 R E MERLG . $77 MR Z2 ) S e 1 R4l 5 S E ) f 2R, P340 5. 5mm 25,
(BT E LE A S I SR FA) B /K S 2 o DRI EE A AR ) B K RO B 9 P8 S PR AU 55 SR T A
& 1. IRMEKIRERRS ARG UARRIS LR MEKIAR ZS B85 R H R A5 RIRE RMSE (mm)
Table 1 Each weather system and moving direction of five precipitation processes and spatial correlation

coefficient R and root mean square error RMSE(mm) between simulated and real precipitation fields.

A5 B ER RERSZ REHBMmE R RMSE  (mm)
2016 % 6 H§ 22-23 A 500hpa & Z=4&+700hpa R EIZE W-E 0.820 6.228
2017 6 B 3-4H 500hpa B ZSH8+700hpa K] W-E 0.759 3.939
2017 7 A 2627 H RRrEEEALNAERERESR W-E 0. 664 5.320
201748 B 6-7H S EE SIS SR WN-ES 0. 709 7.801



2017 &£8 A 21-22 500hpa /&= fE+700hpa XL HJ3E W-E 0.718 4.358
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Fig. 10 Mean precipitation obtained from automatic meteorological stations(a) and mean simulated precipitation
by WRF model (b) in five precipitation processes. (units: mm)
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524 250 R TS AR 25 77 B e N il X d. BLFK = RONIRG = BRI, AL XFE7K
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Rz KR KBS RSP E) . R RIREIRTE 57 2408 5048 21Z 1A gt 7 [X
ST I K R LI N 4%, 45 FIONAHIE . T8 2 T B B K R 10 STk B RTE b,
L T AN M X PR M AR | AR S AR AN B KL S5 AN AR R, R B AN AT AR 25 SR S AR
SOV IS R BT LB BV A S B BA — 8 L RS (20100 FFgHH4E (2015)
X R AEFE AN TR DX A A AT T 545 B (KK B e KRG /N 53 53 9 69. T% TR g ) 44. 9%
(JE50; Sui et al. (2007) & S FFK R OMPE2 5 A ST SURIKE R KRR ARDL, A
SCIEE I FLOGE R B K SR FEAE Bmm/h PAE, TZE AR FE4E R, 3mm/h DA b5 FE 1) B KRS
(KB 7K 3R (CMPE2) S IBI7E 45%-90% 2 [A]. DR it ix — 45 okt A SO FL vkt R 1 B K
RBERIBHE T HBAR K X 8] o

F 2. FIF WRF AL R B TR MK T A s IT A AT R PO A L K ER A i B APk R

Table 2 Total hydrometeor contents and precipitation efficiency in Liupan Mountain area during five assessment

periods estimated by results of WRF model

NI SPARTER (UTC) KRUEE 0k ’Em(:f’k e
2016 &£ 6 B 22-23 H 6 A 22 B 12 84—k B 02 B 5 49.5
2017 6 A3-4H 6 A 4 H00-12 B} 2.9 50.2
2017 %7 H 26-27 B 7 A 26 H 15 KX H 03 B} 1.5 47
20178 A 6-7H 8 B 6 B 20~ A 08 Bt 2.1 53.9
2017 & 8 A 21-22 8 A 21 H16-% B 02 & 4.6 40.1

X EEO N L5 X KB B KR, 3BT 5E 104-108° E, 34-38° N X4y,
Fe HAr N AE 2500km? (0.5%0.5° ) —ANFIPAN XAk, FI A bR AL UL FUL B0 Ao S v Al 5
79 3 LU P Z X 3 B PSP R K e B K 8 oA (I 10D, BT LS4 LD X P35 7K
B K R B AR DX A v, B L DX 5 5 7 A R K, AELAER T K 7 U ) 75 v R AR
W CZAHEAR 575 B XA ) o B4l B SRAE 7S A8 LI DX 307 ool A 15 K 4 R K vk
PR BRI, HA—ZRIT R 0.
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Fig.11 Average distribution of the hydrometeor precipitation efficiency in study area of the five assessment periods

estimated by results of WRF model. The dark green solid line indicates altitude over 2000m ASL and the black line

represents the provincial boundary
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