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Analysis and comparison of simulated stable isotopes of
precipitation in the Loess Plateau based on GCMs

ZHOU Xin CHEN Fenli™" LIU Xueyuan QIAN Rui WANG Shenghui WU Xixi

( College of Geography and Environmental Sciences, Northwest Normal University, Lanzhou, 730070, China)

Abstract; As an important part in the ‘study of water cycle, stable isotopes in precipitation can
comprehensively reflect thé natural-geographical environment and climate change. Based on the
simulations of five isotope-equipped GCMs released by Stable Water Isotope Intercomparison Group
(SWING2) and measured data of GNIP from 1980—2007, the spatial distribution and seasonal
variation jof stable isotepes in precipitation are analyzed and compared in Loess Plateau. Research
indicated that local meteoric water line (LMWL) (8D =7.448%x8"0+3.608) simulated by LMDZ
(free) is closer to that of measured data,that correlation coefficient (R*) between LMWL simulated
by MIROC and measured data of GNIP is 0.999, and that the values of §"*0 and 8D in precipitation
for the five models in summer are higher than those in winter. Compared to winter, humidity and d-
excess are high while evaporation is slow in summer. What's more, the value of 80 is much lower
in high latitudes.

Keywords : water vapor transport, stable isotope , GCM , latitude effect.
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AESR BN 2 AT TERR T U AR A et IR S5 K SCF R B EERT 4 AR 2K 30,60 5 6D
AL R IR Z R TKE (Meteoric water line) , FESEJSTHT DK IR IR 22 F G K AR 215
AR TR, AR S A3 5 R ) AR AT TR AR 2R 7 20 LA JE A8 7 7 S 5 e A, RO S el P g K
Hh R [ 37 28 AL B2 T v T AR AT B T B SR BE R0, A SR S A is B 25

TR N A2 2 22 UL 4 BRIFE K R 22080 R ( Global network of isotopes in precipitation, faj #& GNIP)
FERARRIESE  (H T GNIP 3828 M AN 2 55 2 WA R BR ), 2E— 20 1 24 1 X6 A G b IX B 7K AR [
P E B HT 1983 4E | Joussaume 25T B R K S AR, ( General circulation model , fijFR GCM ) #5541
SEROKRGE ALK 195310 . Yao 5 FIF GCM (1 3 L (LMDZ , ECHAMS 1 REMO ) %6 55 98 e Ji7 3l [X
SRS LG A3 K 800 i Z= 45 AR Ak, (BRI A A v i1 6 O e S S v (AT A A 1 1 22
St Wang 55U 25 450 08 2 8 R 5555 80 A [6) 037 3 8008, RGEHB AT T GOM BE4UL 25 5 T vh i 1
DA I A0 E AT BIESE , 7E 25 () b 200 M A BR A5 R RUBEE L, B0/IN ROBE R DT PR 2800 3 2 L) g i />
B GOM AL H AR BRAE A .

B o SR T i R AR 2 KUK P A 2 XAl P RS 5S , AC TR RO B R T X
(R K R [l 22 A F 5 S A Ay T 0 BB A L RN BRIRR S 40 S A GNIP (4 55 SR xof 2 + i
JE X [ R K Tl 3R A A RAIE S5 K VORI HEA T 25 40 B XA R AR BRI T GOML I X P L T - X 1
SEPRARACAIT ST, T AR =5 M A B 20 A DR L AS SO 4 51 St GNIP 3l ity %, FILAT 5 b GOML B % 2
AR IR X 2 AR R R R KRR E R 32 AER EU AT, B R4 78 i i GOM B HBLRR A 7 550/ DX iy 3 I e
2= P R R K AR E TR 28 I 23 AR A RFE BT 8 78 B BRI 3 S, DU oA LIRS T TR AH R A 5 4 (EE 2 4k 4 11
piiibine =3

1 SZEG B> ( Experimental section)

L1 Bk

AWFFE R T 88 — WA e K A7 /N SWING2 ( Stable Water Isotope Intercomparison Group,
Phase 2) H11#%) 5 # GCM , f14f LMDZ ( free )", LMDZ( ECMWF) GISS-E( NCEP) .isoGSM(NCEP ) }&2 MIROC
(free) B (http ://www.giss.nasa.gov/swing2 ) .25 M]3 FER KM G B S %R 1 k.

T 1O FMLER GCM BRI AN B,
Table 1 Basic information of stable isotope-equipped of GCMs used in the study

23 [ A HE R

ceM b3 (€23:2%47:9) By 5 S DTN

Source Horizontal resolution Simulation method Key reference

(latitudexlongitude )

LMDZ( free) RESL S TR E 3.75°%2.5352° AMIP FrifE Risi et all'¢]
LMDZ( ECMWF) R SHIPARE 3.75°%2.5352° ECMWF 5kt i i/ Risi et all'f]
GISS-E(NCEP) ] [ M2 AL R R 2.5°x2° NCEP 5K sth i 7 Schmidt et all!”!
isoGSM(NCEP) 5 [ o HL T PRI 5 BT 1.875°%1.904° NCEP 7K 5th i i Yoshimura et all'®]
MIROC (free) H AR SRR LW O 2.8125°%2.7905° AMIP Hrif Kurita et al "’

SEBIEHIET E RGP0 EEEM (hitp . // data.cma.en/ ) FEAEAYHE + 5 X 1981—2010 4F
7 ARG S AR K B ARTR AR B ARG E A3 BT B4R 3000 s 5 B K e [R) 2 R e ok H 428k
Rk )52 25 W45 S5 ) GNIP ( http :// www.iaea.org) , PEBUSE T-RFFE X (1) B 7 A [V 22 W8I0k 5 e s 2
AFRE AT o 22 40 (36.05°N,103.88°E ) 41| (38.48°N,106.21°E) . KJ§ (37.78°N, 112.55°E) P15t
(35.53°N,106.7°E) PG4 (34.3°N,108.93°E) ¥%3/1(37.60°N,108.80°E ) Flfd 3k (40.67°N, 109.85°E ) .
1.2 #s

PRI 24 R (R 28 A0 B U 55 =X 12 SR A sl A2 A 508l , 8Om0 25 K JR) ( NASA) JF & 1)
Panoply Hb F5 PR 22 ) 4 125t R 2k B SO 76 ARCGIS B0 vk 3 A 207 T8 - v T IXC P 6 8
PEUEAT o0 AT, 43 590 5 R 6 2 B0 9™ 0 .10 O 1 ME, B BR SR (E. 78 R K T R SRR L & R
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B0/ O D/H RN Tt bR 40 7K V-SMOW 8 T-43 22 3R, 1D

. (H,%0/H,0
810 =| 1 | X1000% (1)

(HDO/HZO IJ

x1000%o (2)

A, R HEKF0/°0 Fl D/H Y ST MIROC 5 isoGSM #E R HUE M 1, GISS-E 5 LMDZ i =,
" 0/'°0 F1 D/H 43 5HL 0.0020052 F1 0.00015576.
R 7K AR (RN 25 2500 R IS Y9 (B A

8= 2 P8/ 2P (3)
1,8, AINBCEIE ; PR FEK S AHL, 6, A B 7K Hoxe 1o 1) 8% [V 3R .
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Fig.1 Geographical location of the Loess Plateau and seasonal variation of Precipitation and Temperature at GNIP sites

2 55149 (Results and discussion)

2.1 B R ORI K T

3 X S EE 5 GOM BHUEHR B 5T 3T L, 5 Fh GOM BERS I 7E— e B 1 P T 8 i S XY
M RAOKRL T B (I 2) . He BT &, B LMDZ ( free ) B2 45L (40 LMWL B 42300 F 92 25 51, i GISS-E 5
isoGSM LU LMWL F AR AT AR TS24 2R o, i LMDZ (ECMWE) S48 LMWL f 7%
KRG HIFII 51k 8.087 15 16.605, K T 7.196 5 2.638 [YICMLER. t MIROC ALK LMWL AH 3¢ R %K
R* B35 0.999 , H A SAR NS H & AR 0L A 45 R A GOM BUR L4001 7k 28 05 R 45 RIEA T HE 1961 45
Craig 25120 2 A BRI SK 2 )7 B GMWL (8D = 8x8™0+10) (A% 5 8RN, [7] 1983 4F K L #
22V PR i RS K R TR (6D = 7.9x8™ 0+8.2) 13T, R W i T3 4 i R IX 5 A 1) — IR 2% K &5 R
e

8D=7.196x8"0+2.638 ( GNIP) 8D =7.448x8"0+3.608 ( LMDZ ( free) )
8D=8.087x8"0+16.605(LMDZ)  6D=7.722x8"0+9.585( GISS_E)
8D=7.655%8"0+9.430(isoGSM) 8D =7.857x8"*0+8.869 ( MIROC.)
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Fig.2 Relationship between 80 and 8D in precipitation, based on GEMs of the Loess Plateau
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149 F4 78 Ak 38 e X v D XU (R BRI B 0 BT A, FE W A (4—9 ) IR RS i H
GCM R 60 5 8D MMEI & T2 F4F (10—3 A ) IR EEFAR 4 IR

-5 (a) GNIP -2 (b) LMDZ(fiee) r (oLMDZ
-6 —4r . =
7t NI E
_ st . st é@
< 9r g -l2r ¢ % —15
«w o o — o
—10} -14r -
L . 720k
-1 ‘ig 20
L B 25| ¢
-12 ol
B S T S T T ST S S S S| Y S S S Y| R S S S T R S S S S |
0 2 4 6 8 10 12 0 2 4 6 8 10 12 0 2 4 6 8 10 12
Month Month Month
—41 (d)GISS E o (e)isoGSM or (f) MIROC
L]
—6F . .
3 . . LI . L st é . . o _st o * .
| . ] . o . o .
-10 -10} * % -10
o — o =3 L =3
g12 £ v ! . £
o-l1af o-Ist S-ls Lo I
w16} S e " o ¢ o . ke .
18} LRI . 20 20} . .
L]
20 Lw* . 25t st
2 e t e,
724...|.|11|.|1| 30 ] B0
0 2 4 6 8 10 12 0 2 4 6 8 10 12 0 2 4 6 8 10 12
Month Month Month

B3 T GOM e b X 870 M3 17481k
Fig.3 Seasonal variation of 8"*0 based on GCMs in the Loess Plateau
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Fig.4 Seasonal variation of 6D based on GGMs in the Loess Plateau

FEFTA 1 GCM BLABLE5 B fR mT LS 21 B 8 1) 2 A5 A2 b, BRI 8'° 0 1 fie KB - 0. 87%o th IR AE
isoGSM ( NCEP ) BEAUBHL Y 5 H 4y AU 60 1 e/ NMH - 24%0H 3L AF LMDZ ( ECMWF) BRI 1 H
3 s BB 8D B fie KAH 4. 7%0 t BLAE isoGSM ( NCEP ) B RIBLAL Y 5 H 4y, F /M~ 179.2%0 I H BLAE
LMDZ( ECMWF) BRI 1 H 7.

25 AR LSS R REAL Y B T ELIX 650 5 8D 1Y Z i AR AR ERAE , B R AK RS S TRl R
805 oD HEA H m &K MR, L& Z [ AF 76 B 1EAH S P 448 5. B isoGSM ( NCEP ) #7 6—8 H #5
PMEAEAE/ N B PR IRMERE RS 10 25 A 2 1 AR k.

2.3 EETEEIX d-excess HZETARL

R /K H ) d-excess (B MR A K R 37 251 85 GMWL FOAREE Bl d = 6D - 86™0,d {2 ] T HH7AZ
RS D N0 43R R AR 25 S | T2 B o] DR 3R R K VAR XA TR TR | XU AR X R
FIWR ORI — A B SHC ™ & S o GCM BLBUEE FEBL T 8 3 IR IX d (A Z 0 PR AR (b oA, BF
FIX d (E 2 BB T - 11.6%0—24.2%0 2 18], F-35{E A 12.56%0, KT 23KV 10%0, XF L 43 H7 19
S GNP BE SEFEETL N 5%e—14.5%0( F 5(a) ) X —25 B 512078 X Frab 2 XX A & %V %
I AN R 25 PE R KOK IR IR S 28 R S5 22 R BT 3K, R 28 K IR S 5K B A2 d (B IR K ) — 2
KK, d HRFRIIREE /N, 28 2

A 1 X AR AU I LA BT EL A5 L B isoGSML SRR ZE 4 A 5 5 A 348G o (EAELg sk,
FiAth 4 PRI RIS REAR A7 b R I HH AP A d (R T B PAR X — R L Rt i — 2P B0 0E T 88 + = R IX B
AR APE R BN AR X FEE R A B SR A8 K 4 AR, B4R A KR
S5 R ZE R AR L FIE RN AR AR 28R d ER R
2.4 RN ST HT

S RN B A 2 T K T i EE T R R B W A IS, A B ALON BRI B 2R IR
W38 8% i A R 7 B A B A 25 S 2200 B PR T 3T 5 02 24 A [ K i RS 2 3ok 4 B 2 iy o A A4k
RN 0 8 H0 %, 24 0 8 1 B Y PR T, 4 B g AR TH B 3 27 R T 94 5l GOM ABSHDUER A Ay 2 1)
A, AR FE R LA A AS 38 800 H 9 5 B A8 R AT 2R G a3 AT, R ATE 9 DX A i R Sk AR 43, B
32°—37°N 5 37°—42°N.
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Fig.5 Seasonal variation of d based on GCMs in the Loess Plateau
W5 B (] 6) , LMDZ (free) \GISS_E MIROC 4§ 3 N RAFR IR HE /i Hh A0 43 (37°—
42°N) FEK 1Y 6" O ARXTHARER BE (32°—37°N) Pk Flg8"° 0 {E I WA Ik, HAZ 8" 0 (I H =2

R, e R EMH-6.15%0H B AE MIROC #8112 A 4y ; 1 LMDZ( ECMWF) 5 isoGSM AU B 75 5 & ok
RIS AR RGN (B A2 IH i i Al AL

-2 (a) LMDZ(free) -2 (b)LMDZ =21 (c)GISS_E

Month Month
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5130/%o
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Fig.6 Latitude effect of 80 based on GCMs in the Loess Plateau
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RIA SCHIFFE T 1 5 RS AR, Horh LMDZ (free ) F1 MIROC ( free ) 5 1 AMIP A 745540
fif5; GISS-E(NCEP) Fll isoGSM(NCEP) % NCEP 5K 5h i& T ; LMDZ ( ECMWF ) 2k F§ ECMWF £ X3 %1
PETEAT T ot 3 5 A5 B KRR K TR R I A8k 6 U BT h 2415 GNIP Sl Bt 45 5%
FEAE—RE 225 SRR AT RE SR AN Rl 2 A 2 R AL S 85025 S T B, IX sl e K v 1 [l 7 26 AR PR AN
YR SHA 6 T H Az KA oK A i A 7.

ARSI HTIESE , LMDZ ( free ) #5525 W] 0 BRI (R 25 G WY LU RS U8R iR i, £ 5 1 1
e S X S [ 25 0 I 25 AR A AERAIE 5 T isoGSM ( NCEP ) R 225 [v] 43 W 5 fi s, o0 TR0 31 Bl A% i 8
% (B BRI ShH K, W T EREE UM A48 75 88 22 . R IH S T 45 5 X Il A 80 30k B 7 9800 455 6 % 16
98 RUBEE SRRAIE , 38 B A A A A4

3 %518 ( Conclusion)

A S R I T R e K R 2R /NG SWING2 H Y 5 il GCM LD B LA Kz GNTP S s
LA 30T T 1980—2007 4F 85 + g i X R K AR R 67 28 1 R SR Ze T R A M 2= 1 PR IRp 28 Rp AR AR Ak 157
AR 458

(1) H1 LMDZ( free) 541 LMWL BT 4523 F S 25 5, 534 7351 4+ 8D = 7.448x8'° 0+3.608 58D =
7.196x8"0+2.638 ; LMDZ( ECMWF ) #2145 S A IE 16.605 ik ; ZEAHIEMEXT L b, MIROC #1445 51 R
HImik 0.999.

(2) HFh GCM BRI 60 5 6D ¥R ML B & 19 215 A4k, RV 41 (4—9 ) 818 4R
(10—3 A) T 8"0 5 oD fl K ,6"0 5 8D MY RAE S AMEI153 3] H BRAE isoGSM RIS
35 LMDZ( ECMWF ) BB 1 A fy.d (HZ5 R FUISUE Tz 808 R HA @i 28 k18 AR d {8,
MAZEHA MR, ZZ R, m d (AR

(3) ER RN AT &L, 5 B GCM ¥IRBTE— 2 B8 eI 32°—37°N 4% 37°—42°N 1119 6" 0 {E 1
KA AT AN R R TR (GCM) R4 A P RUJEE S 1 A B 405 3 WA P00 24 b A R i 2 1 4R
M FRFREE , (HK G IR I A o SO S 3] 2 J2 08 U ) 57 2 A3 i HL 5 K R B IR IR 2 IR ok — A B R 4
Je 1 IR AIE 5 7 1]
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