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Abstract

Based on NCEP/NCAR monthly reanalyzed data, the variability of water vapor content, water vapor flux
and water budget in Haihe River basin was analyzed, which used to reflect changes of the source of at-
mospheric water. The water vapor content exhibited a decreasing trend during 1961-2010, and annual
water vapor content reached its lowest level at 2009. The water vapor content of Haihe River basin is
most abundant in summer. The zonal and meridional water vapor presented decreasing trends during
1961-2010. Unexpectedly, the zonal water vapor transported from west to east at whole years; while
meridional water vapor flux varied with season, transported from north to south in winter and from
south to north in summer. The water vapor content was input and presented decreasing trends at decade
scale. The water vapor budget for Haihe River basin maintained positive value at seasonal scale, espe-
cially it presented higher value in summer than that in other seasons. The vapor budget is mainly con-
trolled by meridional water vapor transport. Influenced by the East Asian monsoon and mid-latitude
westerlies, water vapor mainly imported from west and south.
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1. 518

20 A LAk DU T i A 2 EERHAE A SR AR A 2 T XK PR I FE A T 2 BH ARk T B b X - T i
IR IR [1] [2]0 TR RSB 9 FE MR R A, 1S K BEIE T AR FH R4 2 2005 1 e 7 SR M DL 7% - 1
TR R BRI K BRI AR AR BE R s sz —, AR — D IR T oK BEIRAE T T R, AR A
TG — RAERS LG5 KB I 8[3]-[5] . W TR SR FIAR AR IE A B T B SRR 5= iR
BN KGR ABRACAFAE, T K RIFAVS A, R4S T IR R K B IR R 5 5 3

B tof A b X VT IR AR S R K A s i AR R K VAR IR S I R 9, LS T — S E B B AR
[6]-[10], A5 R BRI SRR & AR IRENE AR B3 P ABR B RFIE[11], 3 50 - R/KIK & B Rrs:
I [12], HE ZRKIR A% F2 B 52 B b 45 B 7 AT (R 7K PRTIE Sk B IR (1 7K IR BA S ok [ 8 6 g i 0 78 K
FEKIERE N, JF HRA I B ERFRAR[13] [14]. {8 Tk 2 10 7052 B BORMEARBAE R B, RN RS
AR K R AVl B AR E N — MR 2 TR0 . ASGEIE N NCEP/NCAR FEGERMEAT AR, i
50 RIS AR B R RV AT R KA, B2 KA KVl 48 ) KPR IR 8 B ) R PR AR M 2
TR, PLR AR VA AL DY AN S R SRR AR PR AR A AN AR AR REAT T VRN A, AR IR Gl
B KGR BRI, ik — BB SR & B F DR SOK B RS A — 5 IR 2 A A

2. EMRTE

ST 23 #7555 [ B SR 58 U o0/ [E 20T 52 R0 (NCEP/NCAR) FE 3 AT UM BRI o 128 B
A 1961 4 1 A % 2010 4 12 A 3L 50 4, ¥ AN 2.5° x 2.5° (& A K37, /KIS AT SRS VR, EFELHiE
(@)~ AR u)s 22 R(v) BLE T TR (Ps) 35 23K . V5 1SR 2 R UKIRE &, KUK aE & DL
LA AR PE AL DU AL PR RIS o KUK RIE R B i N 28 IR s A [ ik i A o i, JFRLE -
AR R I E BN IE,  [APE L it s s N7, mALE i s, FERa R . K
DU~ 32 57 B KPS ST AR R T s 3 S AN, A BOZ A T SV DN AR 48 112.5°~120°, Jb4
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35°~45°, BARUEARIT,
R RS A R AT R K& W [15]:

1
W :_EJ: q(x,y, p,t)dp

e LA KUK T ik il Q [16]:
1

A :_EI: a(x.y, p.t)u(x.y, p.t)dp

1
o :_Ef: (% ¥, p.t)v(xy. p,t)dp
JR KIS [ 7]
1 1 m J— " (gF " (VT " V,q,
Vovg= ;CIandI =;,zi=1(_viqi )- Al +Z,—=1(quj)'A|e +zi=1(Viqi )-Al, +Zj=1(_viqi)'A|W

e g NEIR(g/kg)s g ME IIEE(9.8 m/s?); Ps AL % (hPa), —BEL Ps= 1000 hPa; Py Ak WAL )
SR, BEFEEZEKREED, KETEHEARUER), A SCHE Py 300 hPas x, y HT t 20 B 254
LHEEEFNNFIE]; Qye Qu A MINA M FNZE [ /KVRal & u A K(mis); v N (MIS); o NEALTHE s, 1y les
L 73 BIRER RIS, AL, LS, PSR EEKE .

3. R A S AT/ B 7K R K X B B ST
3.1. KEAIpEKEFKRIIXIEEFIRTIFE

TR SRR & BATAE B AR PR AL, R BT B 34 LM 0 % 9—0.07 mm a ™t (4 1(a))- 20
40 60 AWK 2, A 60 AEAX H AR /K IR & Sk 91 T 70 R4S AT R Ak T 67 FE (14 1(D)),
TE 90 HEARAIIE A 18 b J5 RS2k B 42 K20 2009 1A I 50 R A AR AR - ZKIA 2 it B AT & /K & Ak 2 B0
i, B IR R K E AR . T 50 Ak MK =R AR b RIR/DEA[17] [18], A TR TR B R
IK B 5 2R 2 Rl 55 AN PR I 7 51 RS B 7KV AR Ak B A G [19]-[21]

2 KIS E R PR R R R RS, MBI N-0.76 kg/(m-s)a ™t (1] 2(a)), KIS
FEEL N H TG 7R . 20 tHhad 60 AR A 70 AEAR A HALE ) /K VR S i 8 SRR S/ IME S5 40 T TR BEF (] 2(b)), 70 4F
RARIAFN 80 AL M AV E A E, M 90 FATFIE—E R 21 HLWIE# k> IS T U, Z4E
2005~2010 & [a] K V3 1% 18 Fak B3 50 3K 1 f/ME .

2 MKV 8 R PR R A 2 R A B R 1,05 kg/(m-s)at (1] 2(c)), IF HLH FREEA L m
KR HLIEE TR, 20 20 60 FEAATHIZ /T NCEP/INCAR F0Hrk B T8 45 REUE R &, B — B % 70
SERBTIHRR RN, AR#ARAL T IEEE P (] 2(d)) B7 oy B g )b e A 70 SRR G a— B3 21 4] 28 )7k
Rk iE E R A e H B T 7 e, HOymi hmdtmeg.

3.2. KEWEKEMKRKEMZBEFTHTUEHE

M 23 1R AR S BB (E 3) R B RE . HERAKIR B THAET, &
EHIAE 7 Ay, AFBAR, SAMEHIE 1 A0 W iiss 2 KK & R I FME (% 1) 18.34 mm,
B2 P EMIA ) 37.46 mm, & T AKZ2(16.80 mm). FHZE(14.16 mm)5 4Z&(5.56 mm). E /KA
TR 2 R AUKIR B AT B K B DTk AR
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Figure 1. Variation of water vapor content in the Haihe River basin during 1961-2010. (a)
Annual vapor content; (b) Vapor content anomaly
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Figure 2. Variation of water vapor flux in the Haihe River basin (a) Annual vapor flux-u; (b)
Vapor flux-u anomaly; (c) Annual vapor flux-v; (d) Vapor flux-v anomaly
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Figure 3. Monthly variation of water vapor
content in the Haihe River basin
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5 1) 7K 2608 1Y) NCEP/NCAR P43 BT I (1115545 L (52 1) 45115 75.37 kg/(m-s) BRI /K VR ik 75 1)
PR, HE WP R TR, RERKOIKE. FF. £F; QRKITESERETEEN 2.16 kg/(m-s)
B4 27K iIE 7 T B R TG, (HA R A AR R 2K 7 A o B e b, A1 7KiRs o b R -

S el K IA I A AR Y IR 4), BIZKPRATT B i [ AR, HEET AR (L B Bl i, &2
1 A EARMEZ BN, 27 Ak ma)Emsd, 9 AansA el Tt E SOZHT TR LK ifns 4 RE L
HA ML & R e, BIASE8ERKIREmIE J7 1704 B Ak ) w252 4R 05 Oy g 1 b, HOZ A AR AL 5 g
FRAIE, ZEIKT RS J7 A R 2EAE & A Al 9 Ay, KKy ims i e oy b, =
FAEAE 5 A HI5 REAR g AL PRI R BRI 1) 7 HIAAOE 2 e R, B9 H KT RIE 5 A A
P 160 0P R AR D e A 1) Fi s e P A

4. ARG S AFAE
4.1, SRR AR BREE AL AFE

AU ATSCS AP AR 2R B s B (K 5). A 20 40 60 S ATHUR KT AN S HF 208
b, (HAE 21 LYK RIS A LTt BT 5 60 SEAON%IH, 25 M 70 SEATTIREE i A JF S\ BB i i
% IS 60 AR, BEJRIE/NIET 90 A 21 HELSHIARIRE At H E s D, TEIL SN 60 4K
THRIR AR I N B N IZETR D AR TG R DK, o B 60 SEAUT I Fr i .

4.2. AR T B LAFE

AU B R AL NN, FHE ZKIRA 2 T HARZ T (U] 6). MR AR L
H, ERFEFEMZAT A Ml s, HiaREsmA, BAERENALFmEER D Pt

Table 1. Seasonal variation of water vapor content and water vapor flux in the Haihe River basin

L EAREBEASKARAIESKIMZBENSTTEL

S & ) HFF Bz *ZE £Z
KK 2 Q (mm) 18.34 13.86 37.46 16.49 5.56
26 0 K% & Qu (kg/(m-s)) 75.37 73.77 100.83 84.10 42.78
2 KA HIE R Qy (kg/(m-s)) 2.16 -9.78 46.76 -10.57 -17.75
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Figure 4. Monthly variation of zonal vapor flux (left) and meridional vapor flux (right) in the
Haihe River basin
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Figure 6. Monthly variation of water vapor flux
and vapor budget in the four boundaries of
Haihe River basin
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Figure 7. Vapor budget in the Haihe River basin (a) Annual vapor budget; (b)
Summer vapor budget
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