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1 ARXER R HEIRE

1.1 fARKX

TR WERAHIR =8 X325 X Ik B % 2
WA (TD, 37°32'N. 105°04'E) . T H T Fify
(CANX, 37°34'N. 105°10'E) AT EH T RKX
(SANX, 36°33'N. 106°09'E) 3 X Ik#E4THF 7. TD

Tk 7k A vb B AN [ e 70 B X AEBE K AL 120 mm,
BTN P R K f KRG AR 19 m/s. 13 A K E
0.5%~3.0%, [ eV FAE B 7 15 A 5%~20%, T
Vb A TE % FE AL 1%. CANX &8 # A ) T R X =,
{5, SET AR N 50%, FEKED HAEN DAY
5, 179 HBEKE AT FEKER 70%, JofkE A
155 do 4EF 2 K PH M AR 51566.95 K)/em?, K ARAE 1% UAF
BRFAGEEE N, WHERZRE, T3y
FRESFIAS 1 SANX 2ARVEMIRL, FITLEINZ 140 d,
7—9 ABEKE L 70%. HAXSIESH. BRER. A
KN SRR 1. % 2,

x1 PREXBSKREH

Table 1 Key climatic parameters of the study area
S?rftfin Ele‘v;%t?fn/ 'm T C T/ C MAT/C MAP/mm E/mm Driliﬁfgex t/h Vaul(mes: l)
Theed£§f§%gi2i?§ien(rD) 1260 38.1 -25.1 9.6 186.2 3200 17.2 3264.0 2,908
Cemralifﬁgﬁmz ijfc ANX) 1740 414 -29.6 6.8 203.0 2400 11.8 2700.0  2.49~2.950"
TEETRK 1456 39.9 -243 75 350.0 1300 37 23223 1.20

Semi-arid of Ningxia(SANX)

e T NEGE TR T NRACTR, MAT 9 PRI, MAP RAZAETEIKE, ENGKIARE, ( MELHERNE, v, 9 rExE.

Note: T, means maximum temperature; 7,,;, means minimum temperature; MAT means annual temperature; MAP means annual precipitation; £ means annual total

evaporation; ¢, means annual total sunshine time; ¥, means average wind speed.

x2 MRXERER. ALKEIRSEETH

Table 2 Natural elements, human activities and climate change of study area

W3 A SRAEN e % i fici: agiwsy KU
Station Hydrology Climate change Terrain Physiognomy Soil Vegetation Human activities MOSPRETLC
circulation
I 2 S
o TREKWE M ORGTRRGAK. s RRSIE W, RS AR SRR el BRSO
TR S0-80m.  KHMESUR. REIG BEECL o RSETL D e, gl o LEREPR g
i L T T OFAK, K
N P - ORI, R R
canx BIREIKI. @ pan Then kawr, g 2 s CEUEEL AT E ey, s e i
Hu R KAL 120 mo 1524 JE8 L Y 5+ A 24 P gy 24 DEFEBA S SRR
: ARWE. FRARAES K. BREEA
RO AEH K ?%%?ﬁ
s o SRR R, EHEER AR EALE . ik, Bt Kt FLEOR. BT RGLEH
SANX TR S KT WL, L. W, R . EHE. KA. RMOEEEX . B 230,

N KAL 40 mo

TR, PR,

TR RR B

A+ REH . BIRIHEETE

B

1.2 #REIRRKIRR
TR B 3 ANl A Bk = 1. ZBrEL, TD 4
SRR KE 102 mm, 92.7% KAELE 4—9 H.

CITD
= CANX

[%7K Precipitation/mm

#-H Year-month

BH1 MRRi&Es 24 MNAEKE

Fig.1 Precipitation amount for 24 consecutive months

in study area

2021, 2022 4F 7—9 H BE K 730 b & K &
29.2% 1 54.2%. CANX 4F ¥ 2 [# 7K & 4 240.7 mm,
83.6% K A 4—9H , 7—9H MK &5 EKKE
40%~77.6%. 2021, 2022 4 7—9 H BEIK 535 b 4 K
H 42.4% M1 68.1%. SANX [E/KEEK, F-1F5fEKE

A 304.1 mm, 2021 4 % /K & N 385 mm. 2022 54 N

223.2 mme.
1.3 BIEREGE
1.3.1 Ho@ BRI

7E &Mk 2235 S R B HO B G K BAL R BE, R R
SHAFEERIEE (T MFEE (RHD . KAJE
(p). BEK (PO KIE (V). A (D). #EahK
NI R FH 1 A . AR B e A B 2,
FEIRIR AR SRS HNE WK 3, B St e 7]
f& A 30 min.
132 RK=EHIE

WA T AR S ERNRR S, AR
W E KRB EM AR S &, FREIR T HER M FE 2k
F045 NCEP/NCAR 75 #r &5 48 AP B R 27 TR 22 e K
SR R A TR S HOE . BE R AT FLIX 3 ANk
B AR AR 13 (R 2SRRI ZLIC, W2
53614) . FETIRIUSEEE, ARUFFKH MR T
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LJRA . XGE1X Wind direction and speed 2.8 % #fi Rain gauge 3.45 78 & A1 K
S JE Air temperature, relative humidity and barometric pressure 4.5 #fi % 4
Data logging 5.1 8 E £/ 8% Leaf wetness sensor

B2 BERBERBEALE
Fig.2 Installation sites of sensors to obtain data

®3 ERBRAERN

Table 3 The sensors and its properties

75 EXS RISHL K

Serial number Name Parameters Accuracy

1 ATMOS 22 PG A £0.01 m/s. =1 °

2 ECRN-100 FEK & 0.2 mm

UL MXHEE. 02 C. £1%.

3 ATMOS14 K5I £0.05 kPa

4 ZL6 B REER [ Ez 6 LR

5 PHYTOS 31 ek & £0.02 mm

2 HEREE
2.1 IEMRKRBBEMMKESEHESE

I R 25 Bl R R 1 B ik i KRB &
KRG &

IR By N2 H) o B AN [ 4y B2,

_ 1 s
0, =100~ fp qudp D)
g P1oo
— 1 rps
=100~ (" gd 2)
Q¢ 8 LIOO e

RO, H10, 4 B A MR 2 100 m 85 1 A4 1) R [ 24
ATFEDRICEREEBY, kefm-s)s AR, ghe:
WV R TAEIAE, mis: p UMK UR, Pa;
Pioo FHBFE DL 100 m B ALK, Pas pAKAE,
Pa; g NEINHE, ms.

BAKRE WIS ¢ BT RER P

1 o
W= 100—jp qdp 3
8 Jrw
E i 57 928,
622 % 10%
_ bzzxle 4
1= 57(0.378¢) @

RH
e = IOOeS(m) (5)

KAAWRHLKEET R, mm; eH/KEE, Pas; RH A
SHEE, %; e NUIRUKIERY, 553 (6).
e, =611.2xexp[(17.67T,) / (T, +243.5)] (6)
KT AT SEE, Co
22 XESHMHE
S %SRBI B 2143845, {HHb = 100 m
T AR R R S R B B TR, X
ST S SR . MR . R AR AR
221 ZEARE
HhER DL AR B ORI B T BRI R E, KRR
PR E R (7)) Z ek R i e 2R,
Th=ap+a,-Xi+a,-Xo+as-X; 7
KPP TR ESSIRE, Cs X X, il &2 fE
ﬁfg: (°); deﬂﬂlﬁfﬁ?ﬁ%f%f, m; do ~ adp az*nas
RBEHRE, ot R2EEEBE. [0 8 2SS A
SRR, CEEBRSE, X (D TEiAR (8):
T,=a;-H+T, (8)
Kb HREHR S, ms Tooh #2200 A7 B 2= <R
B, Cs BRI as N-0.006.
222 ZRAMAIRE
H5RE. REMRGEAFE, KX HAR 2 E A 5T
BN BRI R RBORNE A, WA E R . SR
PR IR B A R, BRI AL B (1112 m)
B R R SR (1400~1600 m), FHGHEE I’
A R A0 R BE OR BRC N A AT LR T R
CH& PRGN RN [A] 00 fURIAS RGN BE IS [R] 12 20D RS HdE
N2, i PA_E 100 m X RIEHR 1212 m, AR PEAE TR
FEARAL AR R R SRR T R A AR . K 1112 ~
1212 m i B P9 AN H A SR B P BB A R TS 78 X
AL 100 m Y6 FE AR XHR R LL iR s, #E AT 5.

223 K ik
KRG BE ARG A (9) HEPY,
_lgh-lgzy
" Tghy =gz, 0 )

KAV N EEER S IXGE, m/s; hWRNTFE S EE, m;
ho NBHE S, my 2o NIWFHREE; vo NS HEE T h
LI XGE, me.
224 KAA

R 48 IR 25 £ H5 SR A IRl 3 5 ik Ll m S K
RIEXRFR. ARETHERE, AWk EAE, -
WA A R G (B 3a), 55 Ik (B H 8 AR /N i3 22
(B 3b),

iR PAE 100 m 7 B SR KR ERR W :

pr=0.998 9p, —902.97 (10)

A p AHELL E 100 m H4b K SJE, Pa; p iR
M AEKSE, Pao
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b. BRZE [ E
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B3 KAEHEE )
Fig.3 Regresses of atmospheric pressure calculation models
2.3 REREKEHE
S0 T P 8 A RS A — g T i P SR B e A K
BRI, HABGEIEE, RO & P4
REHE RIS 5 0 A RS PHYTOS31 1Bk 4E K & .
URSCHR (321, 56 ks RV S 4 1) ooty 38 A RS oE B
TR, RBGIRE I, MEERGMABE (nv) 5H
KHKFEBEEZ AR, 800 (1) B,

W, = 0.003 2e"°* an
A WO AL R R T B4 K BB, mm;  xJy it
PR AL R R, mV (EFHE N 447 mV) .

3 GEREDH

31 KR, BEKRXBERERFRNIFE

M4 F/H, F—ZFT 3 AMMEKREE. KRS
BMEREELEZEZES (P>0.05), &k 7545
K. NEMKSEZEREE (P<0.05), XZHIXHE
EEREE (P<0.05). TD. CANX Fl SANX 4F k47K
B8 13.35. 22.68 A1 32.80 mm, SANX Fk Zkt4h /K
B A, N2167Tmm, TDKFESGKERD, N
7.49 mm. CANX KR i K, 4 2.08 m/s, SANX K
BN, 50.86 m/s. [Al—ZETT 3 AN R ERRE (P<
0.05), CANXfgthmfEm K (£ 1D, SIERK, *K=FE
N 82.81 kPa, %2 SANX AHXHBRE R A, hiZilifm K
Z=Hi/ 010,

mk s, FETREEEMRE, HaKESKREBE.
KRS EAMCMEAER R, TD A CANX MlsiKiKiEE S
B KRR R B E T 0.800, KIKH B SEEKE
(K A0 5% 28 B d /NEEIEE 0.750, T SANX ) st 7K /38 &
KR GBS B KEMRREE D, 758 0361
0.634, I S5/KFEE., KRKEEZIEMX, HXHRH
BT 0.900. AHXHE AR FHEMKAERE. KRS =
st K, (HRXGEB/N, AR E SRR, K
A A R BCE BTN, SANX U 36 A7 8 5 /KI5
TR AH I REAN 0.053 . AN RIS JRGH X 7K R 2 2 R
SKE A A, TD A1 SANX Wl uh KE 5 k44
KB A 9% 2 5020 9 o—0.039 A1—0.553, 1] CANX il 3l
R 5 KPR B A S K B A 58 R AU SN 0.411 F1
0.310, XARFA 3 AMGE CANX ki, SR,
TR RN 83.12 kPa. /KVRIEE . KIS EAELE K
BERAEEMAMER, HEREGN, KRER. K
REBEMEGEKESH TN

R4 BMRFRFETKR BEKRESEREH

Table 4 Water vapor, condensation and meteorological parameters of each observation station

sk Station  ZE75 Season  OQ/(kg'm '-s7") W/mm W,/mm T/)C RH V/(m-s™) plkPa

H 3.20+1.04Ac 1.83+0.41Ac 0.00+0.00Ac —0.68+6.85Ab 0.45+0.12Aa 1.61+0.24Aa 87.77+0.29Aab

™ =1 10.27+3.33Ab 6.124+2.32Ab 4.48+0.39Aab 18.84+3.08Aa 0.36+0.06Aa 1.90+0.49Aa 87.23+0.30Abc
#* 17.98+3.63Aa 10.37+1.36Aa 7.49+0.81Ba 23.08+3.08Aa 0.544+0.09Aa 1.59+0.16Ba 87.02+0.30Ac

% 3.98+2.26Abc 2.68+1.53Abc 1.38+0.52Abc 1.50+6.26Ab 0.49+0.05Aa 1.51+0.105Aa 88.23+0.14Aa

e 3.62+0.99Ac 2.07+0.47Ac 0.72+0.30Ab 0.30+5.58Ab 0.39+0.02Bb 1.85+0.26Abc 83.18+0.18Cab

CANX B 10.54+2.76 Ab 5.73+2.04Ab 4.98+0.62Ab 15.82+4.75Aa 0.47+0.10Aab 2.39+0.16Aa 82.90+0.19Cb
#* 16.96+1.73Aa 10.16+1.07Aa 13.87+1.89ABa 20.38+2.74Aa 0.57+0.05Aa 2.08+0.12Aab 82.814+0.23Cb

% 5.19+2.55Ac¢ 3.08+1.52Abc 3.11+0.90Ab 1.76+5.38Ab 0.52+0.02Aba 1.63+0.19Ac 83.58+0.03Ca

H 3.45+1.38Ab 2.57+0.60Ac 0.324+0.09Ab 0.47+5.56Ab 0.58+0.12Aab 1.224+0.29Ab 85.69+0.19Bab

SANX = 10.27+1.19Aa 7.12+1.84Ab 3.20+0.63Ab 16.63+4.03Aa 0.48+0.03Ab 1.71+0.23Aa 85.28+0.24Bb
& 11.23+2.78Aa 11.63+1.61Aa 21.67+2.13Aa 20.81+3.44Aa 0.68+0.06Aa 0.86+0.09Cb 85.22+0.30Bb

% 3.78+1.63Ab 3.54+1.75Ac 10.86+3.06 Aab 1.08+5.25Ab 0.64+0.08 ABab 1.06+0.11Bb 86.19+0.09Ba

e Q AKVRIER. WOKIRE®E. W, BB KE. T, A7 URE. RH AMXNRE. v, ARGE. p AKAE, AEKSFEHFRAFEN AUE—F 15 Z A7 0.05
K LHERRE, RFNG 7R I SR AR 2T 005 KF LERREE, FR.

Note: Q means water vapor flux, # means water vapor content, /¥, means condensation amount, 7, atmospheric temperature, RH means relative humidity, ¥, means wind
speed, p means barometric pressure, different capital letters indicate significant differences among same season of the different observation stations at the 0.05 level, different
lowercase letters indicate significant differences among same observation stations in the different seasons at the 0.05 level, same below.

KFER. KEATE. BEKERSRREREN
# A AR K 4. TD A CANX Ml /K Vil & . KIS
B8 A&, SANX ML 7 Hgm. REATHIS A
IR — IR B K, (HIX AR 3R KA R K
R, [, BEAKREME R, S KERAEm, %
WA 9 H kLK BAE—EP Ik Bl K. 5 K4 A A

E, KVSIEE. KRS BB KESE N i NFaE,
3 ANk [ 7K AR P FR A B[] 1R 45 A 350 2 30 HE 22 28 (1) AR AIE
(E 1.
32 KRBERTHHE

Bk H KB ER 6, 3 MK B E LRI
H R 2 BT AR RRAE (P<0.05) .
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x5 KARSKERMEXM H1300°~359°, 9 H/KIIEEITIE T, TD. CANX A
Table 5 The correlation of water vapor and meteorological factors SANX 43 %5 12.9. 159 f1 7.4 kg/ (m-s), IKEAE BT
D%k Station 3847 Index O w W, T, RH v, MR . 10 B . 11 H/KEE & 5 2 %%, TD.
W 0.991 v o .
W, 0849 0873 CANX 1 SANX /KRB & A FrbEAC, &/ alh 2.8,
. T, 0905 0907 0.808 47 38 kg (m-s), A&HRIA X AN, RIH—E
RH 0218 0264 0413 —0.088 o0 P K 15 i B o /) .
v, 0.034 -0.041 -0.039 0259 -0.687 et 12 4, KIRE & v, TD. CANXF
» ~0.847 -0.836 —0.637 -0.898 0.151 —0.160 SANX /K{FHEE 574 2.0, 2.4 F1 1.8 kg/ (m-s).
W 0.987
W, 0818 0749 E gy =m0 =W =W, T, —0.IRH——10V,p80 o T
CANX T, 0915 0.909 0.622 N 0 &
RH 0524 0477 0769 0297 g9 0 N
v, 0480 0411 0310 0.662 0.084 T =g
p -0.715 —0.733 -0.318 —0.830 0.089 —0.690 %_%__‘!Z,_n g2
w0921 T al z
W, 0.361  0.634 E éllél ?.? <
T, 0.973  0.937 0.483 & A 411.ah.2 4h. 4.2 o
SANX RH 0053 0365 0849 0.134 I 01 02 03 O 05 }1961\403:}1 08 09 1 11 12 P
v, 0.169 —0.199 —0.553 0.124 —0.742 @ TD
» -0.882 —0.781 —0.112 —0.866 0306 —0.235 )
1. 2 A M XM, KRE=RE /D, TD. g
CANX Al SANX 4 5l Jy 1.9~ 32, 2.3~3.9 fil 2.4~ ] =g
7 a S
2.6kg/ (m-s), X RLHI K R TD 9 0°~ 90°. =2
. —— ;{mgn-gl- ¥ A
150°~210°, CANX N 60°~ 90°, 240°~300°, SANX a ] Zl gl.gl'gln =
) o, o o, o i 5 N=3 o / i é 1 g ) y
‘7‘7;2(1+210 » 330 359 ;CAN)? KRB 5 KIR s 01 02 03 04 05 06 07 08 09 10 11 12 S
WERE. 3 H EA/KFGEEA PN, TD. CANX # 1 Month
=] =N b. CANX
SANX H-F¥/KIRE &S AN 4.5, 4.7 F15.4kg/ (m's),
HF SANX MIRHE RS, MoKyOl Bk, Ak 5160 250 5
55 2 FIARIE. 4—6 JIBAAIAHE RO A OB R 5 T80 00 &
#K, TD. CANX Fl SANX H ¥{H i il 53 iy 7.4~ £ 100 ] 132 o
14.9. 8.6~14.5f19.0~11.8kg/ (m-s), KIEAE4HME 7 89 = so 3%
R\ TD A 0°~ 90°F1 150°~210°. CANX A& 30°~ E 20 0 ;
. & /) 50 U
120°F1 270°~300°. SANX & 120°~240°F1 300°~359°, = OO 02 03 04 05 06 07 08 09 10 11 12 50;3
7—8 A 3 AN K 5 Bk B B K, TD. CANX R

SANX /K{TIBEER A AN 212, 19.4 A1 13.9kg/ (m's),
Sof N R 7K VA% B 32 B XU TD R 00~ 60°F1 150°~210°.
CANX A 180°~240°. SANX N 0°~30°, 120°~ 240°

B4 ABRLREE. FHRARALSMH
Fig.4 The monthly total condensation amount, monthly mean
water vapor flux, water vapor content, meteorological parameters

®o BMEREKAKKAEFHE

Table 6 Monthly value of wind direction and water vapor

F Month TD CANX SANX

ont D,/(°) Ofkgms")  Wmm D) Ofkgm™s")  wmm D) Ofkgm™s")  w/mm
01 78.761b 1.9HIb 1.30Ic 199.99Ba 2.3Ha 1.451b 196.30BCDa 2.41Jb 2.00Ja
02 88.98Hc 3.2Hb 1.90Ic 179.93CDb 3.9HIa 2.15Ib 190.48CDa 2.6Ib 2.30Ja
03 96.43Gc 4.5Fb 2.30Gc 184.25Cb 4.7Ga 2.60Hb 197.92BCa 5.4Ga 3.40Ha
04 123.32Dc¢ 7.4Db 3.85Fc 176.19Db 8.6Ea 4.05Eb 202.62Ba 9.0Ca 5.00Ea
05 103.27Fb 8.5Ec 5.20Ec 193.72Ba 8.6Ea 4.55Eb 196.00CDa 10.0Db 6.90Ga
06 130.33BCc 14.9Cb 9.30Dc¢ 173.77Db 14.5Da 8.60Db 210.70Aa 11.8Bb 9.50Da
07 134.95ABc 19.9Ba 11.30Bc¢ 155.26Eb 15.6Cb 10.57Bb 177.61Ea 13.9Ac 13.69Ba
08 126.68CDb 21.2Aa 11.35Ac¢ 155.49Ea 19.4Ab 11.23Ab 160.44Fa 12.4ABc 11.70Aa
09 141.16Ac 12.9Cb 8.45Cc 222.72Aa 15.9Ba 8.70Cb 174.38Eb 7.4Ec 9.70Ca
10 115.41Ec 7.2Ea 4.80Eb 196.33Ba 8.6Fa 5.10Fc 174.81Eb 5.8Fb 5.95Fa
11 68.66Jc 2.8Gb 2.00Gc 174.03Db 4.7Fa 2.70Ga 190.56Da 3.8Hb 3.251b
12 76.191c 2.0Ib 1.25Jb 221.09Aa 2.41a 1.45Ja 190.61Db 1.8Jc 1.60Ka

e D, ARG, ARKEFERER W SAF R Z B 0.05 KF EZEFEE, ARNEFEMEARFEN SR — A ZEE 0.05 K P EEFEE.
Note: D,, means wind direction, different capital letters indicate significant differences among the different month in the same observation stations at the 0.05 level, different
lowercase letters indicate significant differences among same month of the different observation stations at the 0.05 level.

3.3 KARBETEHHEHE
Wk 6, 3 ANMEEKIRE &AW B 2 REE, [
=W SANF A Ay« AN [F]— H A 3 R B 3 2% 5
(P<0.05) . 1—3 H. 10—12 H /KK 5% i & 2R A
TD & 0°~ 90°F1 150°~ 210°. CANX N 30°~ 120°F

150°~300°. 6—9 H SANX /KiX &= MEBNKE K
A Y8 F Y 0°~30°, 120°~240°F1 330°~359°, SANX 7K
RiBE. SRAPBKRIH RS EMRE. 1A 12 A
KK G EBAML, TD. CANX 1 SANX H-F¥1H 72 A
1.25. 1.45 f11.60 mm. 4 AFFaKKE &= M, H¥H
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KK & &N 3.85~500mm, TD &L, A 3.85mm,
SANX fe . 7 A1 8 HAKRE EE KB, SANX
X2 MM & KEH T H, BoAfE, FYWHERA
13.69 mm, F %X [\ X [A] 5 120°~ 240°, [fj TD #
CANX I&1H 2021 E7E 7 A, 2022 4 8 H. 9 HKIRE
BECN, HFHME N 8.70 mm. AZEH T3 B UL R
M, BPfE7E KR & ER I SANX U uk, H PR
1.60~3.25 mmo.

HREBREKESKKBEE. KEKSEHLE MM
K (P<0.05), T/KKEEESKKSELZHIEMHR
(P<0.05) .

3 AN 3G — U 58 B [k 4 K T AN B R n 1 5
BT KRB E R TEES, EEBRAGKELT
WEME, BEEAKVREEIFEHR. KRS EERSKKE
AT R PUA R E OIRAS, BB K E, KR ERIR
N, BEKIEIRRAEE, KREEBLREMER.

34 BEKEEIIRKEDNS B KR AR, BARVWELNSG (K5, TD) /KiKiEE
I3 FEE 3 AN, — kg K R AL FE (TD: 2022 FKREERKESH KT TFEw (H5 CANX), H
F£9H 20—21 H, CANX: 20224 8 H 29—30 H, TD I 355 ¥t &5 7K 1 {8 /N T CANX, 43 5~ 0.160 mm Al

SANX: 20224F 9 A 11—12 H) #4790 M. ME 7
Al LLE W, BIE 3 AN S KRB RS R E R A
T (P<0.05), KEKE. KIRSEMREFERE
# (P<0.05) . RSP R (K7D, BELKKAE

*=7

0.457 mm. FTFX (&5, SANX) KITEBEMNAKTE
EFRERA, AERESKERRK, 0514 mm,
KITEE, KITEERZN SRS K E KRR
BT AR AR AR st 4 K 3 2 R

BERERELIRKURE, NRSEREMBEXM

Table 7 Water vapor flux, water vapor content and the correlation during the process of condensation

A% 2L The coefficient of correlation

i i ‘m s
%G Station W,/mm O/kgm 's™") W/mm <0 I o
TD 0.039+0.042b 4.67+£3.221a 7.1240.951¢ -0.571* —0.652* 0.909*
CANX 0.173£0.170a 5.2344.916a 8.18+0.877b —0.546* -0.751* 0.772*
SANX 0.189+0.181a 5.31+4.486a 9.56+1.321a —0.475* —0.722% 0.849*
E: AFRVNG FRMREA RN S 2 B 7E 0.05 K EZEF R *FRoR 0.05 BEMHKF.
Note: Different lowercase letters indicate significant differences among observation stations at the 0.05 level. *, P<0.05.
—— 45 /K Condensation —— QLA Q fitting —— QO —— WHLA W fitting —— W
£ g
£ 14 § 0.5 . ¥=0.036:"-0.901x+6.879 . 20 £ 0.6
£ 5= g ol m=0765 o £ 0C[ y-0.046x-1.184r+8.830 25 ~
! 10y ®E ) 157 g 2 )4| R=0.885 20 »
oy, 18 § & X203 10 E ¥Z03 15 g
KIEE ¢ 8 6 5 .S 02 b 85 10 &
Water vapor 7 § ‘2‘ < 5 01 \ 5 2 @ g 02 g
flux ¥ 0 S 500 < 5 0.0 0o ©
5 E SR828e8e8ee T 228233333338
5 © &sadscsgsse= © Sdgsg¥gsged
i[5 Time 7] Time
g g
g 021 1-0.010x-0271x+8.105] 10 £ 050007 102054898 11,0 £ 06 [-0.016¢-0.458r+11.620) 13
= B} 2 04 R*=0.595 10.0 ;3 051 r 0839 12
3 R>=0.793 s B2 e B2 oa : 11 &
KIKEE 18 S 8 % s 03 9.0 X s
= £ 0.1 £ N2 E R <03 10 €
Water vapor & & 7 8 502 80 ¥ ¥ 8 02 9 X
41 g w2 S wE Y
content ;N%\ .8 6 28 0.1 7.0 = 2 0.1 8
=g 0 5 5 0 6.0 500 7
5 S2873333888 E 23838383888 Z 83838383838
5 ~A8sz3ssg=n © S5dsdggixgc © Sdgzgdsgsegsd
Hf 6] Time I} 1] Time fif 18] Time
TD CANX SANX
B 5 BEERKTAFIRERKAESERKABE R

Fig.5 Variation of water vapor flux and water vapor content during condensation formation and evaporation

3.5 TREKEZEERIRKAHNTS Tz N CANX ritikF8.45°C, HWaZekH 1 3 ANIkte

X3 AN — IR e g K R AEBR AL B LR (TD:
2021 47 A7 H, CANX: 2021 47 A 10 H, SANX: 2022
FT7HIH) ST oM. HRZM FAESE S EB
3.0 C B~ Al g K B2, N 8 B, BIE IR

B KR . XANEERE, 3 A KRB R, KRS E
ZREE (P<0.05), CANX /KEBEERKA, i SANX
KESERK, X2HT CANX KR K5 2K EE
.

®8 REEKLEBRXEIRKARSREH

Table 8 Water vapor and meteorological parameters during the process of day and night without condensation

Pk Station O/kg'm s W/mm RH T,/ C T/C (T,-T)/'C V/m-s™")
TD 5.16+2.688¢c 8.628+1.125¢ 0.474+0.201b 22.4+6.72b 8.78+2.079b 13.59+8.53a 0.646+0.433b
CANX 11.02+7.07a 12.680+1.257b 0.609:£0.124a 23.8+4.02ab 15.32+0.574a 8.45+4.139b 2.288+0.935a
SANX 8.37+4.057b 13.855+1.300a 0.568+0.130a 25.343.17a 15.60+1.542a 9.72+4.557b 0.632+0.383b

e TONEE AR, AFE/NG FEMREA RN A ZM7E 0.05 KF EZERBE.

Note: 7, means dewpoint temperature, different lowercase letters indicate significant differences among observation stations at the 0.05 level.
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KRB RS2 B KGR R, MKy IEEE e, K
REEMSAIREN, MR ITTULER, TEAKK
ARMBRZ B IR EE S KR EREAMK, FN,
T XG5 R K VE AR B, B2 3 RO X VR FE A BTk
Jr DA JRGE 55 7K 8 S R A X I8 B 2 AR A

mEl 6, KKEEE TRBES, mAKRSERFR
£ (TD. SANX) E{Hhn (CANX) . AT KA E
L KRG R T X — R, 3 NI KR
3 bR v 22 L M 48.5%, T KIS Bl KAnHE 2N
BIAR 13.0%, RIVHE A FRABLITFE.

Xf LB 4 K R AE IR B B A KR A BB fE K
W, e K KA, TD. CANX Al SANX /KiKIEE S
BRI 6.0, 4.1 F17.8kg/ (m-s), AKKEEDH T 1.9,
1.7 F12.8 mm, TiARAELSEKKEBR, TD. CANX Fl
SANX /KK & T % 8.9, 202 F1 13.4kg/ (m's), /Ki%
ESESHLETHT 3.0, 1.0 f12.7 mm.

R TRAKERKARSEZSEHEXM
Table 9 Correlation of water vapor and meteorological parameters
of day and night without condensation

W5k Station 845 Index  Q W RH T, 7, T,-T,

W —0.762%
RH  -0.805% 0.857*
T,  0818*% —0.837* —0.985*

D T, -0.759%* 0.998% 0.850* —0.836*
T,~T,  0.829% —0.903* —0.982* 0.991%* —0.902*
V. 0976% —0.858% ~0.836* 0.851* —0.863* 0.881*
W —0.086
RH  -0306 0.848*
T, 0.344 —0.798* —0.993*

CANX T, 0293 0.427* 0203 -0.146
T~T, 0293 —0.833* —0.992% 0.991%* —0.280
V.  0.738% 0066 -0.061 0.1024 0491* 0.031
W —0.667%
RH  -0.738% 0.919*
T,  0.783* —0.846* —0.981*

SANX T, —0.683* 0.999% 0922*% —0.855%
T~T,  0.775% —0.926* —0.994* 0.985% —0.933*

8 0.982* —0.779* —0.820* 0.850* —0.795* 0.860*

. * P<0.05.
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Fig.6 The dynamics of water vapor and meteorological parameters of no condensation day and night
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KRKF, RERKREGEBEKER 5 KBS KIFAT &
IRKRIE B AR O RS K A R I T A M =<8l 5%
EAIAKIRES . B4 K A T RS KPR 2 e e 9k
&, BEUKRE R, R ReRE TR UK E
TR M 1 RO, R AR R T R K S R K
AHAEDS . b TR R & TRV R KIS REIAN
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KRR ER AR RT3 B A% A Rk
POBEEAKITE &, R R R AR I B 1 s
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Near-surface water vapor dynamics and its response to condensation
events in arid regions

MA Bo', YAN Xinfang’?, LT Wangcheng™? , ZHANG Xin*

(1. School of Civil and Hydraulic Engineering, Ningxia University, Yinchuan 750021, China; 2. Engineering Research Center for Efficient
Utilization of Modern Agricultural Water Resources in Arid Regions, Ministry of Education, Yinchuan 750021, China)

Abstract: Near-surface water vapor condensation is one of the most crucial steps to fully utilize atmospheric water sources in
ecological agriculture. It is often required to clarify the dynamic relationship between near-surface water vapor and
condensation. This study aims to investigate near-surface water vapor dynamics and their response to condensation events in
arid regions. Three geographical conditions of northwest China were selected to capture the meteorological parameters,
including the southeast margin of the Tengger Desert (TD), the arid belt of the center in Ningxia Hui Autonomous Region
(CANX), and the semi-arid region in Ningxia Hui Autonomous Region (SANX). The hydrostatic integration was employed to
calculate water vapor flux and content within a 100 m range above ground at each observation point, based on the evolution
patterns of meteorological factors with hight at the Yinchuan radiosonde station. The leaf wetness sensor of PHYTOS31 was
used to calculate the condensation water amount at 5 cm above ground. A correlation analysis was performed on the water
vapor, condensation water, and meteorological parameters. The results indicate that there were significant differences in annual
total condensation water at TD, CANX, and SANX sites (P<0.05), with annual averages of 13.35, 22.68, and 32.80 mm,
respectively, during the observation period. Spatiotemporal variations in water vapor flux and content were significant (P
<0.05) at all three stations, thus peaking in summer and declining in winter. Minimum monthly water vapor flux at TD, CANX,
and SANX were 1.9, 2.3, and 1.8 kg/(m's), respectively, while minimum monthly water vapor content was 1.30, 1.45, and 1.60
mm, respectively. Peak water vapor flux and content occurred in July at SANX, and in August at TD and CANX. Water vapor
flux was markedly higher at the southeast margin of the Tengger Desert and arid region than that in the semi-arid regions, with
21.2,19.4, and 13.9 kg/(m-s) for the maximum TD, CANX, and SANX, respectively. The monthly average water vapor content
was highest at the SANX site (13.69 mm), while those were 11.35 and 11.23 mm, respectively, at the TD and CANX sites. The
primary wind direction ranges influencing water vapor flux and content at the three stations were: TD with 0°-60° and
150°-210°, CANX with 180°-240°, and SANX with 0°-30°, 120°-240°, and 300°-359°. In terms of a single condensation
event, both water vapor flux and content decreased during the condensation accumulation phase, whereas there was an increase
when the condensation dissipated. Condensation content showed a significant negative correlation with water vapor content
(P<0.05). The correlation coefficients for TD, CANX, and SANX were —0.652, —0.751, and —0.722, respectively. Water vapor
flux first decreased and then increased during the diurnal cycle without condensation, due to the absence of water vapor phase
change. While water vapor content shared an increasing trend. Water vapor flux and content exhibited a significant negative
correlation (P<0.05) during the process. These findings can also provide valuable insights to characterize near-surface water
vapor dynamics under diverse geographical conditions.

Keywords: arid regions; characteristics of water vapor; condensation water; integral method
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