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Assessment of CLIGEN non-precipitation parameters on the Loess Plateau

Chen Jie''?, Zhang Xunchang®, Liu Wenzhao'?, Li Zhi'-
(1. College of Nature Resource and Environment, Northwest A & F University; 2. Institute of Soil and Water
Conservation, Chinese Academy of Sciences and Ministry of Water Resources: 712100, Yangling, Shaanxi,China;
3.USDA-ARS Grazinglands Research Laboratory, 73036, El Reno, Oklahoma, USA)

Abstract Soil erosion models and crop growth simulation models are often used to assess the potential impact
of climate variations. Most simulation models require daily weather data, which are frequently synthesized
using stochastic daily weather generators. The objective of this study was to evaluate the ability of the CLImate
GENerator (CLIGEN) to generate non-precipitation parameters, including daily temperatures, solar radiation,
and wind velocity at twelve standard meteorological stations on the Loess Plateau. The results demonstrated that
the CLIGEN model reproduced daily maximum temperature reasonably well. In comparison, daily minimum
and dew point temperature were less well reproduced, probably because of the range check imposed in the
model and used the standard deviation of minimum temperature to compute dew point. Daily solar radiation and
wind velocity were less well generated than temperature; especially for wind velocity the generated data were
significantly greater than the measured data. Both means and standard deviations of the same day temperature
range and one day lag temperature ranges of the CLIGEN-generated data were consistently greater than those of

the measured data on all sites. But the means were better reproduced than the standard deviations. Tempera-
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ture tends to change in a gradual and continuous manner, but CLIGEN generated data did not reproduced this

trend. Seasonal serial correlations of maximum and minimum temperatures were well reproduced, but those of

solar radiation and cross correlation between temperature and solar radiation were poorly reproduced by the

CLIGEN model. There were no day to day correlations for the CLIGEN-generated data, including solar radia-

tion, maximum and minimum temperature .
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Tab.1 General information of research sites

Y ZHE/(°) “HE/(°) B /m BB FoAth BERL B4 4R FEH K& /mm
|/ 106.22 38.48 1111 1973—2003 19512001 193.4
=M 103.88 36.05 1517 1960—2003 1951—2001 318.8
[k 101.77 36.62 2261 1959—2003 1954—2001 373.4
K 113.33 40.10 1067 1961—2000 1955—2001 378.1
p:Nc 109.98 39.83 1460 1992—2003 1957—2001 386.3
WF 03 4 111.68 40.82 1063 1960—1965 19522004 414.6
PN 112.55 37.78 778 1961—2000 1951—2001 442.5
L 106.27 36.00 1753 1985—2003 1957—2001 455.9
Rk 105.75 34.58 1142 1961—1966 1951—2001 516.1
FE 109.50 36.60 958 19902003 1951—2001 533.4
BE 108.93 34.30 398 1961—2003 1951—2001 570.4
KR 107.80 35.20 1207 — 1957—2001 576.4
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Tab.2 Statistics of daily maximum temperature by site

R HE/C WHHEZE/C REFRE BERE 2HBREXME/C (R PMH  Wilcoxon R P KSKRE P
M 16.9 9.8 -0.2 1.9 38.2

Xk 0.835 0.704 0.012
C 16.9 9.8 -0.2 1.9 40.9 .

) M 15.1 10.3 -0.2 1.9 37.6

K& 0.984 0.670 0.013
C 15.1 10.3 -0.1 2.0 40.6
M 19.3 10.7 -0.1 1.9 41.8

W& 0.993 0.627 0.011
C 19.3 10.7 -0.1 2.0 47.3
M 17.3 10.8 -0.3 1.9 39.7

FER : 0.989 0.592 0.012
C 17.3 10.8 -0.2 2.0 42.4
M 13.7 9.2 -0.3 2.1 36.5

[iles 0.978 0.638 0.146
C 13.7 9.2 ~-0.2 2.1 36.8
M 16.6 10.5 -0.2 1.9 39.8

=P 0.961 0.589 0.034
o 16.6 10.5 -0.2 1.9 2.7
M 13.0 10.0 -0.2 2.0 34.6

B JR 0.991 0.637 0.016
C 13.0 10.0 -0.2 2.1 37.3
M 16.9 10.9 -0.3 1.8 39.4

KR 0.999 0.567 0.073
C 16.9 10.9 -0.3 1.9 40.5
M 15.8 11.7 -0.3 1.9 39.3

@l 0.993 0.649 0.270
C 15.8 11.7 -0.3 1.9 40.5
M 12.0 12.1 -0.3 1.9 35.3

KB 0.990 0.724 0.291
C 12.0 12.1 -0.2 1.9 38.0
M 13.2 12.8 -0.3 1.9 38.5

TR 4F 0.823 0.588 0.575
C 13.2 12.8 -0.3 1.9 39.2
M 13.9 12.3 -0.3 1.9 37.7

KR 0.976 0.709 0.492
C 13.9 12.3 -0.3 1.9 40.3
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Tab.3 Statistics of daily minimum temperature by site

WA B/ C WHEE/C RERE BREFAR 26BRENMI/C (BREPHE Wil BB PH KSKHEPHE
M 6.3 8.8 -0.2 1.9 -19.2

XK 0.048 0.032 0.012
C 6.2 8.8 -0.1 1.9 ~-18.7
M 4.2 9.7 -0.2 2.0 -25.2

Kk 0.028 0.013 0.014
C 4.0 9.7 -0.1 1.9 -23.1
M 9.0 9.6 -0.1 1.8 -20.6

i 0.005 0.003 0.002
o 8.7 9.6 0 1.8 ~-16.0
M 3.9 10.6 -0.2 1.9 -25.4

R 0.279 0.187 0.012
C 3.8 10.6 -0.2 1.9 -27.4
M 0.1 9.5 -0.3 1.9 ~26.6

BT 0.657 0.591 0.146
C 0.1 9.5 -0.3 1.9 -26.9
M 4.0 10.1 -0.3 1.9 -21.7

=2 0.409 0.334 0.034
o 4.0 10.1 -0.2 1.9 -24.4
M 0.7 10.0 -0.3 2.0 -30.9

B IR 0.170 0.087 0.016
o 0.5 10.0 -0.2 1.9 -28.8
M 3.6 11.0 -0.2 1.9 -25.5

KE 0.402 0.309 0.431
C 3.6 11.0 -0.2 1.9 -28.1
M 2.8 11.4 -0.2 1.9 -30.6

M| 0.368 0.306 0.112
C 2.8 11.4 -0.2 1.9 -29.7
M 1.0 11.5 -0.2 1.9 -29.8

R 0.013 0.008 0.014
C 0.7 11.5 -0.2 1.8 -33.0
M 0.4 12.2 -0.2 1.9 -31.2

O 0.131 0.111 0.036
o 0.2 12.3 -0.2 1.9 -36.2
M 0.6 12.1 -0.2 1.9 -29.1

KA 0.264 0.237 0.053
C 0.5 12.1 -0.2 1.9 -34.6

EGE), EXZEHTHEEPHALRMEER
EZHTERERBEE (XGRS, KB XY
1248 f0A 2 A3 R (R I PG %2 ) S8 30 0 8 401 4
EFIIEFBEE 4 DA (KK KR AEMR
M)ERBE HRERIBEZERABE, TRHE
AR B IR R BAE W EIAKRTF 0.2, KL
W H T RN FREY , 3F B, 5500 538 R 5088 11

MERBFEFEEHETE BERBBMHEERIE
WL, XEERRA BARERNESSHH
BEREAGEMN, 2O WALHEBEEBEN
BRENFHEERN2.1 C,HREMHEN 3.3 C(X
M) o Wilcoxon IESEB MK I A K-S I FRH 12
MERAPRHE I R (RK KR FE) M4
YR S B R AR BE N ERER TR EE



26 A R R

2007 4

K, BETHRETFF—5%KBRE, ik, A ¢
R 36 F Wilcoxon 3E 2 ¥ Bk FI K 36 BT LA F 4, CLIGEN
MNEABENEDOESSBREEFEHECHBEK

ERE AL REEB(RK KRMEZ)HEUR
%, RMBE S EHEIEE R IIE B 8 EKF, WK
HR R LR A AR HUF LB

R4 ABSBESITDN

Tab.4 Statistics of daily dew temperature by site

YA BWE/C REE/C REREK BERY 2WBEBRKME/C tRRPE Wilcoon R P KSHKE PH
M 4.9 9.3 -0.2 1.9 23.0

Fx 0.019 0.002 <0.0001
C 4.7 9.4 -0.1 1.9 25.8
M 3.4 10.4 -0.2 1.9 22.1

K& 0.002 0.000 1 <0.0001
C 3.1 10.3 -0.1 1.9 25.6
M 8.0 9.8 -0.2 1.9 27.0

[ig3 0.000 5 <0.0001 <0.0001
C 7.7 9.8 -0.1 1.9 29.8
M 2.3 11.4 -0.2 2.0 23.5

TR 0.132 0.020 <0.0001
C 2.2 11.1 -0.1 1.9 26.2
M -2.3 10.0 -0.2 1.7 17.6

il e 0.930 0.895 0.0450
C -2.3 10.0 -0.1 1.8 19.1
M 1.2 9.9 -0.1 1.8 20.7

2 0.437 0.258 <0.0001
C 1.1 10.0 -0.1 1.9 24.0
M -0.7 10.6 -0.2 1.9 20.0

& K 0.129 0.035 <0.0001
C -0.8 10.4 -0.1 1.9 22.5
M 1.9 12.1 -0.2 1.9 25.2

KIE 0.308 0.059 <0.0001
C 1.8 11.7 -0.1 1.8 26.4
M 0.7 11.4 -0.1 1.8 23.1

g 0.338 0.169 <0.0001
C 0.6 11.3 -0.1 1.8 24.4
M -4.3 11.8 0 1.9 20.5

K 0.014 0.045 <0.0001
C -4.0 10.9 0.1 1.8 21.2
M -2.5 12.3 0 1.8 22.3

AN ¥ AT 0.352 0.839 0.0250
C -2.4 11.7 0.1 1.8 23.6
M -2.6 12.5 0 1.8 21.9

* & 0.111 0.321 0.0130
C -2.4 11.9 0.1 1.8 24.3

CLIGEN X} K FHIE ST I = (R 5), HE
w5 (5 P S K PR T AR v 2= R LK PR3 5,
RSB RS EMYFENREGTE H TR
KRB, RBERAR(S) TR XHEBES R
£, B FRTREERHXERIIREZSE
WE LKA EMIFEEREEZRN, B, &
SC YK PSSR ST AR E E AT L AT RE e B AR
PR c REERA 11 DA (KREKHEESE
WBHE)PAE 6 MR (T ORE B KR K FFA
B AR AR R ) SE W AR LR P 5 2 AR B SE
BEAMEEZEESE R THERABIENRESE, F K
BERAMABAHAREREZNED THREE K

¥ - FAMARG)IHTERBRSNREEZR
SEHEUEEZNEERE., RN, E80WER
RERFZMBEORERB(ZM _FHE), R
A AL 400 B 40 7 %50 S W 048 20 I, 40U AR 0 BT R o
BEAUBERK(ATRIN. 10 MR (ETR
S FE R BRKRBENBRENFYEM/EN 2.8 M)/
(m-d), RKEMEN 4.2 M)/ (® - d) (BT )o
Wilcoxon IESH B I 1 K-S A BE KB 11 o
A HAE 4 AR M B AEFERE) f
8 AR L MBIEMEBE A A RB TREEN
K, BET HBNR—4 1R

CLIGEN K REH 57 i 4852 400 4% 3 5 B9 B S 39 XUk
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B RAMWAHENEMREBEN -123.1% ~
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L 3R R RUBOE B0 1 R B B R T SS IR,
PR M AW, 12 A~ ¥k BT A B B XU 3 A K Y
FHEMHR 17.1 o/s, B E B £, Wilcoxon IF
SEBAB B A K-S BB FRE, 12 35 K EWEE
MELDBEN AR TREBEENKTE, ZL2E
ETHXREFR -2 MR
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Tab.5 Statistics of daily solar radiation by site

A A mHEE WERN “HERE 2WNBEEKHE t B PE  Wileoon R P KSKREPHE
M 14.5 9.1 0.2 2.1 35.8

x K 0.669 0.314 <0.000 1
o 14.4 5.7 0.6 2.8 34.0
M - - - - -

KR - - -
C 13.8 5.6 0.6 2.7 33.8
M 12.3 7.7 0.3 2.1 42.8

(i3 0.800 <0.0001 <0.0001
C 12.2 5.4 0.6 2.6 33.7
M 13.7 7.4 0.3 2.2 34.7

$iE %2 0.979 0.045 <0.0001
C 13.7 5.8 0.6 2.7 34.1
M 16.1 7.4 0.3 2.6 78.3

[iilen <0.0001 0.828 0.028
C 15.8 5.9 0.4 2.5 34.1
M 14.5 8.0 0.4 2.3 41.6

ZH 0.479 <0.0001 <0.0001
C 14.5 6.2 0.4 2.4 33.8
M 15.1 7.7 0.1 2.3 32.6

Bl 0.086 0.304 <0.0001
C 15.0 5.5 0.5 2.8 34.1
M 14.6 7.4 0.2 2.2 35.4

XE 0.217 0.751 0.011
C 14.5 5.9 0.5 2.6 34.2
M 16.5 7.5 0.2 2.1 34.1

&1t <0.0001 <0.0001 0.011
C 16.2 6.5 0.4 2.3 34.2
M 16.0 7.2 0.2 2.0 32.5

R 0.005 0.012 <0.0001
C 15.8 6.4 0.4 2.3 34.3
M 16.9 7.9 0.1 2.1 36.1

E 1 4 0.000 4 0.001 <0.0001
C 16.3 6.9 0.4 2.2 34.2
M 15.5 7.6 0.3 2.2 36.5

XH 0.001 0.145 <0.000 1
C 15.3 6.4 0.4 2.4 34.2

¥ H KBS E REE R B R K EAMN RSN M)/ (m?-d),
3.2 BEETLEEITM PR ZE AT E L,

BRI 12 8 S E, EUREOHRE
BUABESETHRBEAEE T, TUEL . HETEH
B TEEFAREZ B XBEREESE 2 XREK
BEZE F2REHBESSE 1 XRERBZEN
PHE RS, ER PN IRES R -1.2%,
FRUEZE WO AT IR ZE 558 - 30.0% . - 55.0%
M-17.8%, XEERHABEBE S KRERRBEEH
IR, EER IR Z8 /D, BSR4, M

BT s RIEE LT TR, B, R —
RERBESERTRMEEE. BENTALRE—
FAEMEEZNTR, HIRADHIAE 1 REMKBRE
ATH2XERBENAR, BROEAE 2 XK
REERTH 1 RESBEEMNRARL, ARLEHR
RAYRKEMBERBTUEIX— &R, HE,N
AR SERCTLAE (R 7 B A S50 7 5
N 50 AL, WALV T 513908 100 ) @3



28 PEA L REER ' 2007 4

®6 HNEGITGHT

Tab.6 Statistics of daily wind velocity by site

AP B/ (ms™") HEZ/(ms™') MEER BERY LB K/ (ms™!) Wilcoxon 1% P KSKK P{E
M 1.1 0.8 1.4 6.6 6.8

XK <0.000 1 1
C 2.4 1.7 1.5 8.0 20.5 ' <0.000
M 2.3 1.1 0.7 4.0 9.8

K& <0.0001 <0.0001
C 5.1 2.4 0.7 4.3 24.5
M 1.7 1.2 1.2 5.4 12.5

& <0.000 1 <0.0001
o 3.7 2.7 1.3 6.2 33.9
M 1.7 0.8 0.2 3.0 5.8

T <0.0001 <0.000 1
C 3.7 1.7 0.3 3.3 14.2
M 1.5 1.1 1.3 5.8 9.0

[iken <0.0001 <0.0001
o 3.3 2.4 1.4 6.3 24.3
M 0.9 0.8 1.0 4.1 6.3

=0, <0.0001 <0.0001
C 2.0 1.7 1.1 5.2 22.1
M 2.8 1.3 1.0 4.6 11.3

B R <0.000 t <0.0001
C 6.2 2.9 1.0 5.2 31.3
M 2.1 1.3 1.3 5.6 11.0

KR <0.0001 <0.0001
C 4.7 2.9 1.4 6.6 32.3
M 2.1 1.2 1.3 6.3 10.8

&/l <0.0001 <0.0001
C 4.7 2.8 1.3 6.9 30.1
M 3.1 1.4 0.8 4.2 1.0

R <0.0001 <0.0001
C 6.9 3.1 0.9 4.5 29.8
M 1.8 1.4 1.3 5.5 11.6

Y 4F <0.0001 <0.0001
C 4.1 3.0 1.4 6.3 28.5
M 2.8 1.5 1.3 6.1 15.0

P <0.0001 <0.0001
C 6.4 3.4 1.3 6.2 34.5
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Tab.7 Statistics of diurnal temperature range ( °C) for measured and CLIGEN-generated data
tmaxi — Lminl Lmaxl — tmin2 b a2 — Lmint
K %t 8
M C M C M C
¥E 10.6 10.7 10.6 10.7 10.6 10.7
Kk PRUEE 4.4 5.0 3.9 5.4 4.8 5.4
AIEH 0 ] 0 770 0 852
¥iE 10.9 1.1 10.9 11.1 10.9 11.1
KR PR¥EE 4.7 5.4 4.2 5.8 5.2 5.7
LS 0 0 0 936 0 981
BHE 10.4 10.6 10.3 10.6 10.4 10.6
[iE:3 i M 22 4.4 5.2 4.1 5.7 4.9 5.7
i EHE 0 0 ] 1038 8 1084
BE 13.3 13.4 13.3 13.4 13.3 13.4
g L] 5.2 5.9 4.6 6.1 5.6 6.1
FAEH 0 0 0 476 3 513
¥E 13.6 13.6 13.6 13.6 13.6 13.6
[k PRHEE 4.6 5.3 3.9 5.4 5.0 5.4
AER 0 0 0 197 0 227
¥ 12.6 12.7 12.6 12.7 12.6 12.7
2 M PRMEE 4.2 5.2 3.6 5.4 4.7 5.4
RIER 0 0 0 347 0 387
¥E 12.4 12.5 12.4 12.5 12.3 12.5
& PRAE 4.8 5.7 4.2 6.0 5.3 6.0
A 0 0 0 647 5 701
¥HE 13.3 13.3 13.3 13.3 13.3 13.3
KIE PR 3= 4.7 5.7 3.9 5.9 5.2 5.9
AER 0 0 0 342 4 397
¥E 12.9 13.0 12.9 13.0 12.9 13.0
3| PRAE = 4.2 5.7 3.6 5.9 4.9 5.9
AR H 0 0 0 477 2 544
¥E 11.0 1.2 11.0 11.2 11.0 1.2
R PR 3.2 5.8 3.2 6.3 4.5 6.3
Uk 1 0 0 1288 9 1320
¥HE 12.9 13.0 12.9 13.0 12.9 13.0
W 00 3 PR £ 4.0 6.0 3.4 6.3 4.9 6.3
REK 0 0 0 738 4 774
HE 13.3 13.4 13.3 13.4 13.3 13.4
PN PR A 4.1 6.1 3.5 6.4 5.1 6.4
RER 0 0 0 638 3 665

Eitoa BBV XHOBRBRE, o AE L XHBREBE, e AR 2 RNBEERE, w8 2 KKEREE.

USSR, Bk, P T XK AEREK S
HAH B,

XS ERH . CHMEIREZNEMHLRER
EHEHHXNESE. BRREFESE4dWEH
MR, RRHENMER - RN BEERXBRRTEYER
SR MBLEBEENE 123 R4 RNBEBRRED

BTFERIHERSRR. BESENESHEXEAEN
4d, KPS H 2d. {HZ,CLIGEN M BT RE
REpRXRESRZEGEHMEEE XFTERHER G
BREEEM I AR, SHBERSEE
(b)) TR ARIR B (1) A MR R BBE R T CLI-
GEN B #l¥#E , (HEEZRAERIAE , BB CLIGEN 7]



30 FEK T RFR %

7_ A
5_ A
3+ A
A
1¢ A
-1 o 1 2 3 4
(a) P&
g Tr
o .
5_
& N
ﬁ 3k a
A
% 1| 2
:]3
: |
iH 13 1 1 1 1 J
. -5 -3 -1 1 3 5 7
(o) K&
14
10+
6‘ A
A
sl A
2k
- —6-
-10 -—|6 —I2 é 6l 1|O 1I4
(e) KR

2007 4
9 —
7 | A
5+ A
3k A
A A
1 L
1+
1 i
-3 -1 1 3 5
(b) Xk
IOF
7 —
A
4| A
A
A
1 .
2+
5k
1 1 1 1 ]
-8 -5 22 1 4 7 10
(d) &
171 -
12+
A
r a
A
2 b
3r
-8 F
1 1 1 1 1 ]
-13 -8 3 2 7 12 17
) 2M

SR B 8/ SRR A

€ Loax © Lmin

— 111 B

AY B L

1 LA AR A 50,150, 25", 50", 75™ 95, 99" F 43 3K
(B LA A Bz 2 B SE W B4R 8D
Fig.1 Plots of 5,15,25,50,75,95 and 99 percentiles of measured vs. generated daily weather data

(all scaled by the corresponding measured mean of daily weather data)
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Fig.2 Correlograms of measured and CLIGEN generated daily weather variables (Tianshui station)
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