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Verifying the applicability of PRECIS-simulated precipitation on the Loess

Plateau

LU Zhemin, LI Zhi, LI Jingjing, DAI Runrun
College of Natural Resources and Environment, Yangling 712100, China

Abstract: The Loess plateau is primarily a rain —fed agricultural area in China, and water is one of the main factors
affecting agricultural production in the region. As a result of global warming, precipitation is a critical variable affecting the
water cycle and plant growth. The simulation accuracy of precipitation directly influences climate change projections and
impact assessments. The regional climate model, PRECIS ( Providing Regional Climates for Impacts Studies), has been
widely used for climate change projection; however, its capability for impact studies has been rarely assessed. Using ERA40
reanalysis data as the boundary conditions, precipitation on the Loess Plateau during 1960—2000 was simulated and its
applicability was evaluated through comparison with the observed precipitation frequency, amount, and exireme events.
PRECIS simulated the spatial distribution of precipitation changes along the southeast-northwest direction; however, the wet
days and precipitation amounts were overestimated by 1.8 times the recorded amounts, and the indices related to the drought
index were greatly underestimated. PRECIS simulated the low values more accurately than the high values of each index.
The model simulated the temporal changes more accurately in the dry season due to an overestimation of wet days and
precipitation in the flood season. For extreme indices, PRECIS simulated intensity-related indices more accurately than
those related to frequency. Overall, PRECIS cannot be directly used to assess the impacts of climate change on hydrology,

and the model calibration method should be discussed further.
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Table 1 Definition of extreme precipitation indices

£ FR Name 7€ X Define FAi7 Unit
CDD F KR R ELET BB (AR < 1 mm) PN
CWD f KA i IR SRR R ( HRE/K i = 1 mm) PN
R10 KT H %L H Bk imid 10 mm B9 REL PN
RSd e K2 5 KFEK & L 5 RIFKEZ A KM ES N
ROSt B K S gﬁl}i@i(ﬁﬁ [k B 1 1961—1990 4F 95% 1 43 ir %

XFF R 3 FREEE, M AS (] 43 A RN ] AR Ak 7 IR AT P4l . 25 [R50, R GIS T Y Kriging (5 B
SARAEITEE) 200 PRECIS RE40LAE /1 A IX 1022 5 ; Kriging J&—FPoR &4 R IE 0 Y 4 18] NI 5 5 TE 5800 %
JEWLIGERL Z R A S R, X — I PR T — 2 AR 2280, INBCE A3 204G HE ™ e 2R
b, — 7 T B LA R H 5y — 7 A TR 3 77 B 30 F KS (Kolmogorov-Smirnov ) #5565 4 241
R, 400 R AG 56 2 204 2 75 H A AR IR A 208 R 25 2 75 22 57 LA BRIt e 15 IR DA AH [ 45080 434

2 ERES

2.1 [EKE
2.1.1 BRI Y2 [a] 3 A

PRECIS FEABI T 8 4 5 R R K AR RS 22 PH AL I RRAE (18] 2a&b) |, [HAE 46 X 50 A2 (8] 40 A b 500
MHEAFAE—E2Z5H, 1960—2000 AFEBHUAE IR K &8 792.6 mm , I WLIE Y 1.8 £%5 (3 2) , X Pl &5
FELERY , FH R AR 30 A 25 R WA 3 A3l 0/ A% HA AR AL A 354, 1A 25 A7 A8 X 325 5 (18] 2¢) o PE LB
SRR AR DX, AR KR 25 /N F 300 mm ; [ 7K 2 v 1 DX 10 158 22 I A, 4R 3102 2 300 R PR 0 1140 35 4 DX Bl 2
FZKTF 450 mm, F HAEEKE 728 5 2 800.47) KT WM (0.42) , 1%t BB R0 025 A8 K,
2.1.2 KRR RS fL

IAF % W (14 H R ) e A R A 7483, AT PRECITS i 77NN ( H B /K i < 10mm ) H BT IR Ak
T H B/ >20mm (19 F H A, FLA 5/ Al 2 45K 56, BB HOR BEASTDLH S Bs H R 2, I 5 8UERE
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Fig.2 Spatial distribution of annual mean precipitation
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Table 2 Statistics and results of statistical tests for annual precipitation

AR5 R RIS 55 S5 B A B KS #5%

e YI{E/mm F#%/mm

. Variation Rank sum Square rank Kolmogorov-
Parameter Mean Variance . .
coefficient test test Smirnov test
AR MM Observation 433.9 181.9 0.42
o 3/50" 22/50 3/50
Annual precipitation il Simulation 792.6 375.4 0.47

s T G P 3t A/ L
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Fig.3 Temporal changes of precipitation amount( ( a) monthly precipitation, ( b) annual precipitation)
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PRECIS 48 R /K H 855 WL A 5 R 2215 (36 3) o LI ARIAR S0 A0 4 25 (46K H %053 500 80 d a™' ATl
148 d ™' BEMELRULIME Y 1.9 £5% ;50 ol s/ P il 1Al G/ A E R T BRI 55, 21 PRECIS ANfig
ARG K H B 4B, UL FIAS AL Y 28 S R A0 0ol 0.37 A1 0.31 (38 3) , Ul B il i/ s ] ) 722 S A2
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Table 3 Statistics of monthly and annual wet days and dry/wet spells

P SRS T R HEV FERELROK A ¥d
- AEFEK H %/d
8 L Annual average days Annual average days of
Annual precipitation days . . L
Parameter of continuous drought continuous precipitation
WL Obs 4L Sim W Obs B Sim W Obs L Sim
H){H Mean/mm 80 148 7 4 2 3
FrifEfR 2 Standard deviatio/mmn 29.7 45.3 2.1 1.4 0.3 0.8
AR 5 20 Variation coefficient 0.37 0.31 0.30 0.35 0.15 0.27
FRAKLE Rank sum test 1/50 1/50 0/50
S5 BAG R Square rank test 28/50 24/50 16/50
KS K5 Kolmogorov-Smirnov test 1/50 1/50 0/50

P IEAB T F/K H 804 e 2 Pa A6 /D B4 A (B 4a&b) (HINFE 2 FTR 7R 46 % 850 e & T LI
KoK H /D 10 53 A DX, DB RTINS e &, B7E N 52 P00 ; 97K H 850 22 04 DX, ORI {2 3 1 &
JEAR R ES , MASALUE A 25 (R R B S A8 /N R VR AR b -FaRE 7 i — A 2501 . IZESHER B (I 4e) IR 2280/
Y XS AE B PE R, 2506/ T 40 d a7t KA \Eﬁiﬂﬁmﬁ T 40—60 d a5 1R 22 KA B+ m R PU AR /)
BB Xk, S P FEFH AR CHOR A T E R, KT 80da™',

2.2.2  R#IK H R AR fk

PRECIS A48 T B K H B 4F P 43, 32 2 8 Kk A 25 i HLAth 2 A G e /0 (181 Sa) o AR 3 3l i Ak T
BRI H AL FeiiliE 5—9 iR 2 fcR P 2E0E 9 d, 1 10—4 A PR 22928 2 d, PRECIS £
PURAE R HBGHA T 7 BAG 56, 45 T 26 W 28 /3l it/ I s A U0 R ASE 0L 50 B EL A AR DL A0 2R SRR B (3%
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Fig.4 Spatial distribution of the observed and simulated annual mean wet days
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RN 22 W AR K TR 4a&e WG SGETHRIBMERMIE R TR, B8 REB T B R (£ 3) &
B PRECIS 825 (8] A48 S48 K AN BEAR S AR 400 35 4 2 D T A 2 i 8] 10 2 8] 40 A

HESERE K H A LI E -5 B ELAT AR AL A7 B AR Ak, (A8 ORI 5 M0~ 2%, £ 4 A 1) 23 43331k - 0.007
F1-0.002 d a™" s WL S ACHL 22 T2 H B A AN FE B AL, 0 5125 +0.02 F1-0.02 d a™" (17358 B 2 4 Fl
e SRR TR BB 16 F1 24 A3 8/ A B il ik 177 5 BR KL , 2 B PRECIS AL4ULH T 38
G35 1/ AR B A D SRR E 5 (R KS A0 fr) 245 SR 2 B ~F- B8 A sl A/ AR Bt A AR L A B 0 R (3R 3)

http ; //www.ecologica.cn



20 1 BV 5 KU PRECIS Xt 85 + i JR B K AR UL RE 1 (0 PPA 7

200
W —e— Al

.......... Ml 180 - O R

3=0.0025x + 11.79 160

y=-0.0030x + 7.46

140 F

y=034x+ 144

20+ i
120

y=-0.45x+90

100

B&7Kk H %K Precipitation days/d
&K H %X Precipitation days/d

80

— e
i —— e

60

01k <<.\-.-.-. EECEALARAN
-
1984-01 F 7
1986-01 =TT

5 > = 5. 1960 1970 1980 1990 2000
2 > 2 & Ay Year
) ) ) S

H A Date

B 5 W5k BBHEEERNETSE((a) ABKBEE. (b) £RKBEH)

Fig.5 Temporal changes and seasonal patterns of the observed and simulated wet days( (a) monthly wet days, (b)annual wet days)
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Table 4 Statistics and results of statistical tests for the extreme precipitation indices

2¥ CDD /d CWD /d R10 /d R5d /mm R95t /%

N Wi B W B W ko wW gl Wl B
Obs Sim Obs Sim Obs Sim Obs Sim Obs Sim

FI{H Mean/mm 42 31 7 14 13 21 73.3 105.8 0.26 0.28

ﬁz{ﬁg%ﬁ/m@_ 17.2 16.1 2.6 6.8 6.3 11.7 36.9 66.9 0.07 0.06

Standard deviation

V=% H

1#%\@( .. 0.41 0.52 0.37 0.49 0.48 0.56 0.50 0.63 0.27 0.21

Variation coefficient

pRAKLS 9/50 1/50 7/50 13/50 30/50

Rank sum test

e G I

PR 31/50 6/50 24/50 29/50 35/50

Square rank test

KS M 12/50 2/50 7/50 13/50 26/50

Kolmogorov-Smirnov test
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Fig.6 Spatiotemporal changes of annual mean continuous dry days and wet days

3 g

WAL PEAf PRECTS X8 - i JF A K A 3R | [ 7K s AR o 2 25 0y T ARG 100, & BASE =X mT DAL o R
IKASFEARIT 25 B —PE G5 ) AR AR A 235 1) 43 A RRAE , AEUBERULH 5 WEI (B 4 K 25 B, anfesK 2 R /K H 4k 29
SHWLIAEL Y 1.8 4% s X6 45 FEARIRAE X AR RIAECR AT s (L IX 5 DA el PRI K B 850G £, S 8RR 2K i 1]
P e R LE T SR ORI . O L, Bt PT R0 L 4% B 3R (R A AR ) AR Ak 34 (R T 25 5% LA SO T
ARG TEOE VN ST R 212 P = UV NS E B O (R i N TN = - P S E D G107 =L v i [E1 Rt A R 1V € N
LRI FIARE 0L A AR A K H B3 B —0.45 d a™ F1+0.34 d a~' B8 RE AR £k, B30 55 WM f) 32 25 T 52 H B4 Bl LA+
0.02 d a™' F1-0.02 d a™' AR EEAR A, AR it B K A HH G A i 6 /K B k3 ( ROSH) HASABI AR SR dc i, HAABFE B (1)
L5 7K H BORRE K 200 5 (EAR AT 55, o A K 58 B AR 48 AR BRI BE 7 O T A0 R $8 b, Eak gl SR 5 HiAlh
DX I A PG 45 SR LA AR =) (I PRECTS 91525 233 77 76 11 , 28 AR SOR RE T 32 F T /K SRS 1A

ARHFFE O ITAG 25 AL AE— B R B AR B E P, SR X o o T LI e A4 o A 47 15 S5 A X 5 2R L
B0 AT RE X PG 4G SR A — R R {H P TR 22 A A AR, T REXT A SRR SRR, AR
FEAE—E R R 2 Ak, B 4 vy SRS B R [R) S Aty A SR BT, T RCM. Wy B 7 i AN 5838 , AN RERS AR - b %)
] i A 2 R 25 S R B/ N RS 5 0F LR IR AR Bl = S50 . = -8 59 5 B0k R g o 72 2 504k
AR AN 5 P T R BB U7 FE R G 22 5 SR S R A A PR S S M B A BB 25 SR

http ; //www.ecologica.cn



20 BPTH AF XKBUURARE PRECIS X 85 + i JE R K AL UL BE 0 1 DA 9
30 B
80 1 AKTHIM Bt
25 &
y=0.278x +37.71 ¥
y=10.007x + 14.13
o 2 X .
3 2
=) a
O B
O
: FERIRE 5
y=-0.009x + 32.28 y=-0.054x + 7.65
0
50 K HE
(o] o
250 o : 40 i
£ : ; Teo y=-0.09x +27.92
E 200 y=- 076x+144.64 @0
3 3 30
vy =
& 150 =
o~
20
100
50 _ 10
y=-031x+9588 y=-0.07x +16.97
0 0
0 10 20 30 40 50 1960 1970 1980 1990 2000
¥ /45 Station Number 6] Year
S
~
2
o~ — W e px|
o W o Kl
0.15
0 10 20 30 40 50 1960 1970 1980 1990 2000
Wil J5/%%"5 Station number Ay Year
B7 HiRimEKERNEHERERREREL
Fig.7 Spatiotemporal variations of the observed and simulated extreme precipitation indices
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