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B AR B - SR DURR LA K2 [l B4 A (s B RR Bl I T H IR b 5 R Vb
FUBFFE o I FH Cs-137 8RR + SR 52 AT 32 25 F R Rl |« vE A b o 28 BT 58 1X 35
Cs-13715 518 (Cs-137 Reference Inventory, CRI), CRIAJ & CNTE— & XN, HAv 1A
FH Cs-137 RAVTEE E BUARAZ 030 3 Cs-137 TR ARM BE{R . CRI A4 58 AR SEAE Jy R
Bl —TEERE TAE, AU H R T S ERIE B, thn] S X4 ks 2
TR IR R

BT, #fie CRIFEFEZA =, —2FH Cs-137 KRV TiHE, —&
FEF CRIAER S [6] 43 A Al AR R IR ATARA0L , = 3 ok B3 I 0 SR R R S 6 2= I i A5 38
Hh ] KRBt i X B3k /D Cs-137 RARVTRFE S, JFH, P aainy ok & R A E sh i
T, BRAR T SECRAE X 0 TR S 000 UM XE, Rk, AR L skon] Bk R
CRIFHFEHY M 1 .

1998 4, Garcia FI| FHI A B JEF-Ha S 2000 B 25 25 01 3L Sr-90 2Bk, 1T
B 10°4 BBl Cs-137 EERUIFE, FEMLIER] I, Walling ZFIA KK X Cs-137 KA
A ETZA IR 10°x4550 X IR AT T Bk R Cs-137 B Sl i al, B,
Frok T HF RS | AP, BARAESS R A TS, (HFERERA TS
(i S 75 S, Aoyama 25V TR ABISY . BT T Cs-137. Sr-90 25 it S M A% 2 i ke i ale
FE, FHEIR10°x 1043 X A2 T 2Bk CRIZME R, SRS, TA 1 CRIFAIEENFIE A
27 e T ARERRE ML, B 2 BRI RIN, ks HAHUE L, 7EIX
WPE CRUFFFT R Z BIRR S 20 24750k, thE2EH —EHEU)F Cs- 137 /R HARTE 15
(R S EREE R P AR T, BIFT XSk E P B e, DU . ARAER X R
BEIX . e SRR S b X 4, JEARBENS A T A, X E KRl CRIFEHIAT K Tl RE

AR KB X ARG 4, il PEAG B 1 CRUBE ST 9ERHTIF AR AL (b S5
XFHCAFSE, TR T A E KBS CRI B A5 5 0 S A3 AR RRAE DT R IX 38k Pk CRIAFF 5T 4
i, WAl i ST o R R X SR AR, DL XIS B A TR
YIRERIME SR 555,

2 WSk

2.1 BEER

2.1.1 CRISEMEIREE A< 3G 4 SCHR ok 7 H B R R CRISEIEGRE &, Mt A rh
FE Rl CRIAADSR LR LRl . [ 20 22 8OAEACLISE, A Kl [X. CRIAH G SCik
BT 300 435, SCRRPEORHNE K A Bl AN A AR, 38 5Bk JC S CRI A5 C
HR B[R] — DX S JE S MR 5 Sk, AEAEIE— 20 o0 i STPA kI BE R BT ORFE
VA, SRR A L SRR TSR SRR CRIMFZE STk ZERE, 81 A ENK
WINFZ s R2E 2 . B, DTS P BT CRI SIS 22 . 180 28 M 80 4%
e SCHR B S R AR BT 1024 CRISZINEE , S B 38 ol i ot s IX R 2 4
S EFANRAE T R AT, BURSS ERE (5 . CRIRAE S S SCME T W, (E11), CRI
SED AL AR ARG A), HEFRBEEPER L EE ., WA, = 5HmERE RN
JRPH R AR, (HEEA RS 55 E R R, 6 Rk — B R ) AR 2

+ R TP A Cs-137 ERLE TR AR .

CPI=Y C,xB,xD, (1)
i=1

A CPIERAE &S 35 Y Cs-137 Fie (Bg/m?) , 5 BHE AL SN CPIED 75 5
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fl; n RREEEEG i METFS; CREIRFEEF Cs-137 M HIGEE (Bg/kg); BINES ik
FEIZA LA T (kg/m?) ;s DN i RFEZREE (m),
Cs-137 AR IEAR, ARG —FAKIEE20154F1 H1H .

N-n

cpr, = CPIn-(l) ’ (2)

2

e CPLJEREROE S NAER Cs-137 it (Bq/m®) 5 nJf2 /iS5 SRR LAY 55 n 4
B CPI (Bq/m?®); TH&Cs-137 B, J30.24E,
212 BEREEE A SCHYRE K B 5ROk B A BR K A Pl (Global
Precipitation Climatology Centre, GPCC) &I/ 1981-20104F H Bk & F ot et , L2
] 73 B3 Ry 2.5°%2.5°010.5°%0.5°, IS GORMIE IR A 42 BRI sl WL Z0 48 1 53
Br, FrEEEFEAAI (BdERIE: http://www.esrl.noaa.gov/psd/data/gridded/reanalysis/) .

BIRZITRHSARSCESE (1945-20154F) FEMFERE FIFAAMHE, [HZ, Z50E A
I HA 2.5°%2.5°, 0.5°%0.5° 0 BER BK B EFTE 20K JF ., Aoyama S5"7E A5
AR HUR I T 1987-19984F 2.5°x2.5° 7 B MK i fidli . N, A GPCC A2 H
s G A 5T K A4
2.2 FIEXBE CRIMEIE&RE

ARSCAESE T Walling & He #5i% (Walling & He Model, WHM) & Michio Aoyama 1%
Al (Michio Aoyama Model, MAM), FFAEMEIE, TSy T 3 FH T ) R ili b X /) CRI
B IR (Modified CRI Model for the Mainland of China, MCM), WHM AYEH 5 3 &
B BRI 73 10°%45° RA% , PIRS TR S i Garcia B (i 9 4 BR 10045 B2 Cs-137 k%
M THRESRAT, RS AT A CRIIA I 5 Bk & EARSCOC AR, WHM B s
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Fig. 1 Sampling locations of CRI in the Mainland of China
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RERE I TR K B ZS (Al 43 A, SEBLAERAT 25 00 CRUTHE.; S 2 Mg ik, HAaA
RS BT RACH AL TAREOME . MAM JE T2 5K 713 S RAE S AL A CRISSIE R, B4
BREI A 7 100x 100 A, 155 AHAR IS 1 CRI S5 B 7K S BLIE H, AT RT3 45k 10°% 10° )
¥4 B9 CRIZS (A /0 AR, 5 WHMAHEL, MAM PR 2> 3500 4, A% CRIGHEAKIE T
SEIBCE , AEXTUHERG . SR, MAM HAESAS 100x 10° A% AERG ) CRIZE , RAE% &M
F& IR A A I O, FLIIAK 23 (R RBEATR SR AR, X6 X3k CRIASEAEL ARG FEATS SR 31K o

AT WHM FIMAM,  #fi5E T MCM EEAR 1) = AN FEAR TR . — & R FH S £k 0k
T AS TR SR IR RS N L TRE/K &40 A THRAE S CRE; =240/ A% 23 ] R
JE DI N XS CRIBFSE . (R, MCM EHEAE IR

W2 HN 2.5°%2.5°75 [A] [NAK o SN D E M IX R AT 2.50% 2.5 AR AL Ab B,
KBiti 7 4 Bt 187 A A%, K CRISE I 2 b A9 102 A dls i = A, ) (5 % 52 4~ )
Mo AR AR G S N RS FETE 0~7 4, SERERASRIRE rh 2545 0.545 N SCE, Frifi
7 R B FEITE 3.9%~66.8%

S BRI CRISAEY K IEA G . AREMGT R, 2B H Cs-137
FIUTRE 37 B2 M BR KU 53 M s, FH [R) 45 BE Bl v Cs- 137 19 AT RA I 1 PR /K 2
KECNAE FE" BE 28 W] AH AR A% CRI S5 4F B[k i IE A G, IR F H GPCC #2411
1981-2010 4% 2.5°x2.5° 43 BER MK b 8508, 1138 b KRt 187 4~ 2.5° /% CRI,

X e [ KB AT A 4T 50 2.5° MM R, ;. i=1,2,3,...,17, j=1,2,3,...., 27, C (R,
) AN R AL CRI, P (R,,) 10 MK R, ACRYAERI KB, A

P(Rij+1)
C(R. .. )= ’ xC(R, . 3
( t,/+1) P(R,-,j) ( 1,.1) ( )
B 0.50%0.5° Mg AR X R Rl E—25 0.5°%0.5° Ag AL A B, Fl b
2.5 B 43R 25 4 0.5° A% o A SCIA Ky 2.5° A% P CRI 2 Fifi [ 7K 2 40 A1 1T 229 50 43 A
0.5°I#% 1Y CRI AT 3 15 2.5 W% P 254~ 0.5° MA% (AR [ K B 56 ZoRk A5 . FETF Ik, A ORI
H GPCC #24EAY 1981-2010 4 0.5°x0.5° 70 HER B R K & P AT Bt , 113 T W E Hi X 0.5°
M#% CRI,
){%/I\R,,IX_M‘%E/‘]OSC’WﬁﬁiEﬁy‘?R,,mn, /ﬁ\:q:‘, m, n = 1, 2, 3, 4, 50 &*E‘ﬁﬁﬁ{f
— X AR (@, 0), @GR 13.75~55.75°N, O35 Jy 71.25~137.25°E, 5 X T
TEO.5°RIAG K R, 7y WA

25 xP(R e )

ij" m,n

C(QD,G) = C(Rix/'rm,n) Tl . C(Rixf) (4)

ZP(Ri er’n)

3‘%

. _ ? = Punin
i=17 round(z.5 J

6-6
b + min
j=1 round( 55 )

_ _ . ?~ @ in
m=90-5xi round(o5 j

(5)

n=6-5 Xj+r0und(0;imi")

H0U HT Kriging/Cokriging i {H iUAT R 45 CRITTH. . Kriging/Cokriging #ffi {H 2 H
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PR AR R o B — M i, EE S IR R e Az A & AR 545
A, B E R — R A S A EE B L, TSR | To RN/ Mt 22 A
o ARCHEET 0.5°F#% CRITHA 45 FAE#E—2 Kriging/Cokriging fH{EALFE, M SE B 1 [
KA B 05 CRIALHY

3 g 517N

3.1 RESHSIFEMA
3.1 WEMENERSERS  FAHAMCM, WHM, MAM —/MEAIXT 102 4> CRISEI A5
DAL, JF S SEEVEXT Lo, DAIPPATR B P RICR (B12) . =AM BRI L,
RESME A AR EAAFE, HMCMBIEE R 5 S0 IEA) &, [Rl—102 & MCM &
U B S A = T WHM A MAM BAUE (B13) o X SEmiE S8 EES T B vl
HO(FR1), FxbdE R 102520 CRI, MCM R4S AR ELE 20% L0 NG 811, i
BT 80%, 1 WHM Fl MAM R 22 7F 20% LA N BT (5 LU /N T 40%., 5 WHM A1 MAM
BIIEE A, MCM ¥ HRIR AN, AU 38% 2547, FRHH MCM BLHUE -5 52l
{1 B ZEAH AT /N o Pearson OG0T AT, MCM RE4DL{E 5 SE B OAE D R %k . BAHE
ABUrHI0.906, 0.821, FE0.01 K (WU) i IEMDE, HAHKCHZM T WHM I
MAM L, T MAM FELUE -5 SENE Y B AH C R AN 0.094

AN RSS2 5 AL AE SR, WHM ., MAM FEUE X Hh [ Bl [X i CRI
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&1 BRESIUESITSH

Tab. 1 Statistical analysis of simulated and observed values

LS| 1R22 20% N T 1 L] Yz Pearson A BEHIXRIER
MCM 79.41% 318.31 0.906** 0.821
WHM 36.28% 823.40 0.415%* 0.172
MAM 38.24% 819.00 0.306** 0.094

TE: ** 7E0.01 AP ORI b REAAX,

FECALL AR B B /N A, R BRI AT BB . WHM FE T 10225 71 11 1954-1984 - 48R
DI, A 1985 4E G HIDTRE, 1986 A HIYI/Ri DRI SRt nT REXT Cs-137 JeyiRiiie
T —E LR . MAM WEF2BR 713 ARG SRR, X 1986 47 J5 SRR R &
TYYRE DRI E, 80— AR IE R 1969 4FIK . 1986 45 4Bk Cs-137 L
R SRARXT R /D (RSB B th ARSI R] . SRARAEAD 45 N 28 BRI I T A I AASE4EL
3.1.2 BERBEEST SRR ER CRIFEA WHM . MAMAH L, MCM fEx} i E
KB X HEA TR 4 W . SR B BB, AR, AR IHAAE— IR 22 BN AL
MCM T B4 1Y CRI S BARFEA TR, B rp Bl s X 55, S o7 BT sk 35
b, H SR AEA), R TR . 8w R, AT AT
At PN i e DX DU AR X 4D o AR SR FH B K B SR L P b o), 2ead Bl R AL AL B Y
KK i ] BB SEPR AR AE— 2 B 1R 22

TR X SRAE R B AT A AL AL B, {0 RRA% P9 CRIBERE K 350 404, 31X ] REXT
PEADL s SR e — g i 2, AN L% 8 T K R X CRIFSE I, IR AR I I+ 384
. HEER . A HRRER R A T E, o] RE ik B ILES R R R s w /. Bt
Ah, ZE 7T BEXHE Rk S i — RE R
3.2 FE X CRI 4 ESHT

HFMCM, AT EKRK CRIF /G, Elda, 4bsril R T o E KR4
R 7K 2 CRI 25 [B) 43 A G 0 o AR SORs b B RBE 43 A pade X (1) . AedeisIX (1) . A4k
X (D, PpgdX (1V), fepX (V) EARMIX (VD) | fERX (vID) B4
X, mEWAE, PE KR CRITEREY 141~12123 Bg/m’, CRIF RAE AT 1 X585
X K I IX, e/ IME XIS AE T T VILIX . TV X P38 S R ol s e 1 DX b X . 4387
9 SRy L X A, FE RS CRI M 4 AR S B A PG ) AR, [R]85 8 b X 4 7 e 348 i 34 4
FORFR, SO T MR PE A 30 2 KU S R e U o 1 DX AR 40 s DX i TRty i P T
e, AR FEARTE 50~150 mm Z (0], SRITHIE R s X B CRI B K, —Senff
FEFEHP 5 XA RE S E X 20 20N . B AR E RS A X e S T T — &R
GIRSBARE A S, RN, M X EET 55022 | M B o P K AR b &5 sth 5 B
VT IAZARES &5, ELAL T3k A P AU X S s shifg 4 |, Cs-137 FUTRE s n] i i,
X el P CRIAYFR 204

TERBRICEIN, 38 Cs-137 ¥ B i X el A A 3 B2 AR B 0 A AN 4 A 45 5100 g
TE 0°~50°N YLl N, Cs-137 YTRA T S BUBES: BB I i e, &l 4. 4d 53 HER
TR YE WHM FI MAM 3504 A B KRl CRI AR 15 . WHMBISS SR W R, CRIUGR/IME
PEFIIX, wAMENSMCM, MAMBEIEE R —2, #BAL T ITIX, PRI T ZR b X 32 A
R MR PR K BRI B CRI A B, Ab, Liu 2857 2 0 2 bt [X v A B A0 AR
S EIEINNT YRR T H R Y Cs-137 FHEVEVE AT e FEURILHLIX CRIFFL R, A4
Cs-137 Pl 2| L gk an iR e i Ie , Y 3z KOER = A2 vb 4y, Cs-137 #4Rifi XL )
Wiz T MR TE , AT B 2219 Cs-137 ULFE . MAM AR LSS S (1 d5e /M F 207 T VII
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MCM_CRI (Bg/m?)

- 642
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= 1680~2320

Fl4 i E KRR K0 X T MCM, WHM, MAM (4 CRI 3 A7
Fig. 4 Distributions of precipitation and CRI (based on MCM, WHM and MAM simulations) in the Mainland of China

X, 5MCMAEIEER—E, X FEZRBL T 4 X Cs-137 PURE I 5E I .

BARME , MCMBLLES S B B 48 WHM Al MAM BLUZE S0 73 R R, H CRIE
PUEBAXT A S . MR I, CRIZMA AN Sk B RE A S 50 . RINE KA
M. HOE K AR R s R S N R LR A, KIRE | (58
2, E4), HNIIXCRIGEMRE FIX, b F 4Tty /9 VI X R & 40 T P B b )
VIX IV X, HAT 8 DR b [ A3 S Y b Xy T B e ot 2 S 1 T2 ol P v e 1) K<
B, KRABIERTE LM Cs-137401%, IbAh, WX 552 6 KM, 55 KA K
SNEN] & AR 2 X R AR R AR IR AR RO, TR 5 XU /K AT R BE 22 Cs-137 TR o

Fx2 HEKXMFEEAXIE CRIZH

Tab. 2 CRI variance of seven regions in the Mainland of China

I3 X382 MCM { fil(Bg/m’) WHM iz [l(Bg/m’) MAM i [l (Bq/m’)
I [liiE[#: 1R 214~12123 275~1321 1695~5240
1l 1] X 727~3035 629~1821 1830~5799
il AL IX 1665~4096 1066~2246 3455~7120

v P g i X 141~5663 421~1066 1314~5601

Y A X 1292~2119 697~1096 1112~3563

VI LA MIX 875~2382 712~1210 1081~4115

VII AERTHbIX 231~1721 562~782 1152~1881

4 4he

(1) FEF 1024 CRUSZIMTERE, HES7 T H FE KR CRUSSMIEE 2, - i (5 48 /i A1)
AR Ny T rp [ KBl b X A CRUME IEARE AL, AT SE B 1 Xkt CRI AL, A
ST SN B K Pk A R AT X B CRIBFSE B 5 1, 8RB h 4 5 CRIBFSY ) —
Rt 2 A3 F B
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(2) EBHMCM, WHM, MAM —AMBERU S 5 A R4Bl 25 5 6 B, MCMBEHE 5
SEME LAY A, WHM A MAM BELEH /N FS20ME AT MCM ALUE, X AT EES5 WHM
FIMAM & K% 8 1985 4F J5 1 Cs-137 ULRFA . AR 7, MCM XS [E K Bfi CRIFEALL
EY DOy SO RN o R i S 2 NG -8 = I = B0 s R S NG B R i 2 ST i
IR 22 TR [ T RAE S 0 AN S M SRS BRI, A sl T i 3 m#45°%
FE RS e B EE I . ILAh, 23 A (B 7 v DA R 5 40000 W] Ak A e K it P o0B B
PR R 25 SR Al ] 7= A — S S

(3) KRG CRIAMA R Z A4 . RINIERA NS . WL L340 R
FAR I B S5 N R LR A5 . BT MCM )+ KBl CRIFFEF A 141~12123 Bg/m?,
B e Jey R DX Ak, KB CRI A3 A S PR S B 1 VG 1) 2, [R]85 5 DX o K o 14
BRI . NI A, CRIFE IR s AR AT, Rl 2 B 38 i in 33
TGRS, A, RIEB AR . Cs-137 P B PR R ] RE X o [ R i CRI A7 12
—RE R

(4) EFHT P E KR CRIS A AR e, — 7T, ] ko [ B st X it — 2
CRIMFFEEMESH 5% J—Jrin, HE H ERKHIX R38R0 . 7K K S 85% N
R H 58, ] it — 25 o b E R X R TR HE R, A e X e R
IR AL/ TN by B o= o i
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Study of the Cesium-137 Reference Inventory in the
Mainland of China

ZHANG Wei, PAN Shaoming, ZHANG Kexin, CAO Liguo, ZHAO lJie
(School of Geographic and Oceanographic Sciences, Nanjing University, Nanjing 210023, China)

Abstract: Soil erosion is a serious environmental problem closely associated with sustainable
development and ultimately the survival of mankind. Cesium- 137, a unique artificial
radioactive tracer, has been widely applied to the study of soil erosion and deposition since the
1960s. Furthermore, it is a basis for determining a Cesium-137 Reference Inventory (CRI) that
employs cesium- 137 to measure soil erosion, which can directly influence the accuracy and
reliability of the soil erosion rate. This paper references 102 CRI data samples collected from
over 80 documents; it also uses the monthly precipitation dataset from the Global Precipitation
Climatology Centre from 1981-2010, with spatial resolutions of 2.5°x2.5° and 0.5°x0.5°. The
Modified CRI Model for the Mainland of China (MCM) that the paper established is based on
incorporating and modifying two previous models, the Walling & He Model (WHM) and the
Michio Aoyama Model (MAM). Then we calculate the geographical distributions of CRI by
using Kriging/Cokriging interpolation. The model assessment and comparative analysis
demonstrate that MCM simulated values are generally in agreement with the observed values
and greater than WHM and MAM simulated values. MCM can be applied to higher resolution
and higher precision CRI modeling in the Mainland of China. The results show that the range
of CRI in the Mainland of China is between 141 and 12123 Bq/m’, and the maximum values
are found in parts of northeast China and Xinjiang regions. The minimum values generally
come from the regions south of 25°N. Except for some parts of Xinjiang, distributions of CRI in
the Mainland of China indicate that CRI increases with precipitation from west to east of the
same latitude, while zonal distributions of CRI indicate that CRI increases with the increase of
the latitude. Besides, other factors such as large-scale atmospheric flow field, re-suspension,
and local nuclear testing contribute to the heterogeneity of CRI in the Mainland of China.
Keywords: cesium-137; reference inventory; modified model; Mainland of China



