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(Faxxh) (s )

C=—Tt—.i=12, (12)
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RMSE H T VE Eds R4 G I T3 280 5 2 RE I 2 7 KN, RMSE i8/NMUR OE S R S S s,
RMSE T [ e HL e ZAE BN 7 S0k GT . Spread FRVEAN [A4L 7 S BIRCSIGE JE , Spread T PR PR (]
PR RIS . MRERFRA B 5 BB PR . RMSE Spread MREH 5L 31 F

v 2

RMSE = J - ZQW:'"’;"‘[E(YL.)—Y;} : (13)
parm

Spread = J S ar(y) (14)

parm

1 N E(Yi)_ ir

MRE=—7—3% o (15)
parm i

I N NFFRIE I S BN E) N i NS BRI G FIREARIIE ; Y R IS S IRIAE ; VAR(Y) N
BiINSEIFEARTT 22
2 BHHIRRIR
2.1 RENGE

W92 X K BFREIR (107°13'—107°42'E , 40°36'—41° 13N A7 T B HE X F 35, B I 0T, b 58 4 R 1L ik
ZR VG R S SCK AN s EE A, T AR 1920 km?, J& T $LAY (KR KB ME T 5 T BAE . 28 FYERN
8 100~300 mm, ZFFHEKENT 400 mmOKEZER) . H R KSERIFEA AR, J& T A ANB -2
RIS, B EA AT — s BN, AETHEE 1L, AR A TH 20 90 A E S 5, DR e 2R L 7 S B T A s /K 5, e 11 o
T, BTN E AKCRIA L RN 96 m, XA 3 FLONFERY 28 K EIREE 4 FIINB AR AR, XK Fiu 7k
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106°0'0"E

106°30'0"E

107°0'0"E

107°30'0"E 108°0'0"E 108°30'0"E

109°0'0"E 109°30'0"E z
: | 21
N S B f“’lw\»\ BT
X $ =y 5 B
A AR \§ Y7, : €
z g Xk L{fé - GREN S
: ' %/" cliin YT
o, wiin
¢ .
é 745 £ 2% 4R P 5% o ] 25 R X 3 4 A 2
e s o ; oS 2 % @,
-
< Ll,
7y z
106°0'0"E 106°30'0"E 107°0'0"E 107°30'0"E 108°0'0"E 108°30'0"E 109°0'0"E 109°30'0"E g
B2 KiF#EmRSy K
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0.02 0.04
0.01 “ 0.05
0 0.06
1 31 61 91 121 151 181 211 241 271 301 331 361
A [a)/d
B3 MEmeEfikiE
k1 AR HEA T £
ZH 4 Sy ar au an ax/m’ ax/m’ as/m as,/m
SR 0.045 0.10 0.23 0.44 1 1 4 3
YIESH u+SD 0.054 0.12 0.28 0.53 12 1.2 48 3.6
Y7 % SD* 0.000 1 0.000 4 0.002 5 0.008 1 0.04 0.04 0.64 0.36

HHRHWFR 2 Frox. FH 11— 4 8 2 45 RIES B O, W5 22 5 Z A ], Y28 0.01 m* s 5
B 5—541 9 g 8 AN FE S I8 S B I, WA 22 7 243 5119 0.01.0.000 1.0.002 5.0.1.0.64 m*.
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k2 HEbEA SR HK

S Fi IS R 2277 22 Sl i RES K R 2277 22/
1 Sy~a» 0.01 6 SY~@p a1~ AnAai A~ dsi s 0.000 1
2 au~an 0.01 7 Sy @p@i~auaaian~dsi s, 0.002 5
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4 asi~as 0.01 9 Sy @p @i ~Qionaai~Ara~si s 0.64
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22 HBRESM

1R FTH 9 AN AT R PRI M N % 25 MRE 35 )5 MR 1% 2% RMSE & B U Spread B A3 3 Fa e &
R RNDER WL o, 56 2—5 45 3 SIS HEME \RMSE % Spread WK 4. 2563%3 54 1—5
151 4 F1 P 4 7] 01, 24 [R] I S 2 NS00 19 2150 SHCF T 6 M EE SRR 2 MRE 759 0.124%,
177 MR 2 RMSE 740.002 663, 33/NT0.5% , 526 B B Spread #70.010 541, 1t B[R] 386 2 A S H00H A
FER R . 3B S K B S MR 2 5 22 0.01 m* {550 R [RS8 8 NS UKL, % e EI 8 NS HUR i 1Y
1B A A 2o ) o PRI K, DR (S48 BT 1 R 7K AR AL RE A B 2 (1) 4 DN S 8 an s a s ansan, 1S
HOERE . 2563 3 BAE T A, 2[R B [ 8 AN S b, 19 B8 € S HCT B I /& R P B 22 28 45,
MRE .RMSE FI Spread ¥:J45 ¥ 11 , MRE *~ 0.376% , RMSE 4 0.003 283, /N T 0.5% , K L [Al i Jse i 8 NS $it
SRS BEWE R ER , R R R BB SR EE 2 M RD i TR . Rk, B SWF2D_DA F] LASEER
KRPBEE IR X 2 SHE SO, HAFSRS >, 13 2R SE R 25 S 75 R DD S8 S84, 751
InEAGE .

&3 HBI AR

Rl L 2 5 2 /m’ MRE/% RMSE Spread R E S HUR T R P
1 0.01 0.025 0.000 015 0.001 197 5.5
2 0.01 0.12 0.000 379 0.001 114 5.5
3 0.01 0.1 0.001 079(m™) 0.006 057(m™) 4
4 0.01 0.26 0.009 181(m) 0.033 795(m) 8

1~4°7¥ 0.01 0.124 0.002 663 0.010 541 6
5 0.01 0.376 0.003 283 0.069 595 28
6 0.000 1 0.503 0.016 954 0.005 767 17
7 0.002 5 0.434 0.008 406 0.035 204 22
8 0.1 3.104 0.080 492 0.188 327 >72
9 0.64 14.973 0.279 921 0.272 821 >72
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MR 2 J7 %0.000 1 n? IR 2 J7 #£0.002 5 — WIEEFZE0.01n
WM AR 2 7 % 0.1 o MR 2 7 2 0.64 m? --- ZHRHE

B 6 RIAMIE £ F iR F 8 55493 M A RN AR (B 5—H ) 9)

TE [ S5 8 Z U Al b, 25 e AN RN 52 22 (R s i o e L 5 MUl i 22 77 22 , 43 1) 9 0.01,.0.000 1+
0.002 5.0.1.0.64 m*. 5 FRZGOL T FIFIIMINT R ZE MRE Y J5 HR R 22 RMSE EEA B HUE Spread A5 3172
&SI R D 45 R 3 MK 6, % a3 8 S8 s s 348 A A 2 i) o5 R ok o, DTk ] 6 A e B
X 1R KA AR AL B B 4 DB an v an s an san, SHIESEOEAE . BER3FEH S—HB oMK 6
S5 T RN, BEE UL R 22 G OK L 19 2R 8 S 80T 7R R P E UL S BB B U Spread 21838 N, KRR LGB T
— B TH R TG, RE AR AN S P . O R 22 T 22 KT 0.1 m? i, 72 AN [R5 S RN AT AR BRI B R
€, HYF 4845 228 MRE \RMSE \ Spread ¥4 KB, TH RS FETRVGE N o 150 B UL 5% 22 1 Ok 2 52 i 5048 R 4k
() SRS FE , TR AR B IEF S0 . S BR)SLFH o3 o 38 im0 I it [a] %25 52 5 a) %5 B2 OO - # )
SR IS BB, 7 o] Re AR B IR AR B R T 2SI R 22 U7 ZE4E 0.000 1~0.01 m* 2 [H] B, il 5 W0 I %
ZEPH/IN s MRE - RMSE 170 55 35 7544, 0 A UL 5% 22 08 ) — 52 K BE I, RIS Z2 0800, BT8R 22 W W6
SHT7 7 T HAMAR 2 AL, S EUSE BN GEAT 2K FE S0 S 8, Semi 3G n 7 W A, o 1 I s &5 R TG 2
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SR LR ML INAR 22 77 22 7 0.01 m?, W] LU A2 S i b 7K S 450 0000 b T K7 1R RG P 2R, () R 8 00 e
KEAR . ARG KA LS B R, 55 % =365 dI, 1R /K A7 8 i s LU AT AE I %07 55 2 m, KA B A%
A LI AG I 2 PR A 2.52 m, P4 HE R KA B R AR R A 2.26 m, 240045 22 5 22 54 0.01 m? i 75 B AR S - 34
i T 7K 5 K AR 1 AR R 3% 22 g 4.4% , BIT 24K S W0 3% 25 7 4.4% AP I, B DA IEAf S

3% i

RIS S A T K BN IR B [R) A4 ) 8 i 90 3 B, 5 K K A7 sh A DN 25 i, v DAJE
T AR ULIIE A 25k S s H K A% S FE R R NS A G R B, 25 FH SWF2D_DA A, DAZK A Al & 4L
I, 60N AKIR B K 2 AN S HOHAT TR, S5 3R B R B 2 AN S R s 8 N2 80 5 15 B B
MGG, A S iE 8 N S 80 2 TR FE R, RS BB AR S AR B 2 W REGE e TR AR . X
EREHET EnKF ARSI VGRS SEITF 458 — 80 BIFF OE S B 2 | [ i s s &2
SHERA SR, N S50 RS BT BRI 0] 7 fe A3 2 S WA, vT RS2 i T S A S A e A i e
PERS , %S EO KM iE gse it /o FESEBRIA o, B AT BRI A [ S B E W0 AR s RN 2
HOR 2 B0, A B AR 55 50K B S 80U E s 8 S8

[FAY 2R G0 HP 15 22 [l — B DA A 1) 2 B3 TR 1 B DR ) 8 938 R R S50 B d R AL R A 1%
Ze T SRR, R G EN 125 7 R UK, 15 HA T TN [R) 40 3R G0 1 5% 22 SRR EL AR 28 i 2 UL % 22 A [+
WEERZE . LIAECH 12 FhAS [R5 1) 881 TG, 1008 T WIIE S AU TH VB 6 R/ LI 22 VR Y iR
2 IR 2 7K 5% At 55 DR 3206 EnKE S (R g2 M0, FC 15 B 2 £ J 1/2 Ji 000 i 22 (R 0F be SR8 4 B, W
D3R 2 %6 EnKF R A — €SI, 520 KN 5 LA 5%, Horp B0 R 1 32 AR 2 i i K. AR SCHFSE
YRR 5k A LB )R A, WE S M S ORI R 2 07 2, 43 428 0.01.0.000 1,0.002 5.
0.1.0.64 m’, UE 5L T WLIIR ZZ (I REM o 000 iR 22 77 22 K 0.1 m i), Bl 36 0 I35 22 388 K, e v iR 22 3 K %
PR AR 22 5 ZE7E 0.000 1~0.01 m? 2 [AJ B, [t 5 W8I0 458 22 ek /I » S 38 35 26 3 TG S 28 A8 Ak, VUL 3% 22 1K
Bl AG FE I, BRI 1 Z2 0/ , B ARt AN e A5 SIKG B2 B v (A, SO 380 7 AR AR , X SRR 72 (W)
RS HT EEIMIRENAIEA R, S EREPZ MR ZREMIEE —3. XEEE KSR FK+
JEARRRE K EZE IR ZE 55 AN 2.5% 5% 10% , FLAIE 7822 BROULI 3% 228K /)N , 83 51 N UL Ec 4 12047 [F) 4K J5 i A5t
UL AR5 R B T L 5 3% AR 05 3K 43 A Ak R G (0 U PR AR B 0 3R B, 2 AR 22 /N TR R iR 22
(5%}, RJZ WX IR Z 387K 73 RMSE SEK AR s I i 22 K T B8R 72 (5% ) B, RMSE 3 K&
WRNE . AR RS EERER B S — B0 UCNEE 1AM S8 3G B0 R 22, IE15 B RO 2% 44
T AR UL R 22 77 2208 0.01 m®, AHRE T4 7, d5e K AR R FRIAFOT UL % 22 B TE 4.4% LAY, SR 220 K
DU SR00E T A A PR, R 3% 22 3ok /N DO R 00l A 25 v o
4 25 %

DZZIE 7 SWF2D_DA A v] DS R RBE B A4 X3 2 S 80 A . RN s 2 S S8 2 f2
FESHCF BT 6 NS PRI R 22 MRE 49 0.124% , #9757 fAR 22 RMSE 45 0.002 663,35/ 1 0.5%, 1
SRS B2 s R S 8 NS4, FE L Z W RN D A (e 15 BB AR S 80, W4k TR0, B MRE A
0.376% , RMSE 90.003 283 , 437 /& 11 S 3K .

27E H RTINS 2E TR, HEFE I 5 22 77 22 9 0.01 m?, AH T 187 7K A7 5 AR I 69 K ol WO 0 337 222 87 7
4.4% AP, BT DL A2 S b T 7K S0 T T A7 FRDRE B2 23K, (R BE W0I Ae AR BA

HESLI SWF2D_DA B S 1 KR FE B 44 X3k ¥ 2 S 30 IO, ] DR AL 7K S 5 2% A IX 3 g S
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Estimating Aquifer Parameters in Irrigation District Using Inverse
Method Coupled with the Ensemble Kalman Filter

ZHANG Yuxue, ZHU Yan*, YANG Jinzhong
(State Key Laboratory of Water Resources and Hydropower Engineering Science, Wuhan University, Wuhan 430072, China)

Abstract: [Objective] The objective of this paper is to present a coupling method to inversely estimate parame-
ters of shallow aquifers at irrigation district scale. [Method] We proposed a multi-parameter inversion groundwa-
ter flow model, SWF2D DA, based on the ensemble Kalman filter method to estimate aquifer parameters, and a
two-dimensional groundwater flow model, SWF2D, to simulate water flow. We then applied SWF2D DA to in-
versely estimate the parameters of a shallow aquifer in the Sub-Irrigation District of Yongji in Hetao Irrigation
District. The model involved eight parameters, including the specific yield, infiltration coefficient of precipita-
tion, two infiltration coefficients for two-stage irrigation, two evaporation parameters for two-stage evaporation,
and two critical evaporation depths. We studied two cases: one was to determine all the eight parameters and the
other one was to determine six of the eight parameters. [Result] The SWF2D_ DA model worked well in multi-
parameter inversion with the mean relative error, MRE, of 0.124%, and the root mean square error, RMSE, of
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0.002 663 when six parameters needed to be determined; and MRE of 0.376% and RMSE of 0.003 283 when all
the eight parameters needed to be determined. We also investigated the impact of measurement errors on inversion
accuracy by artificially setting the error variance of five measurements to be 0.01, 0.000 1, 0.002 5, 0.1, 0.64 n?’,
respectively. When the measurement error variance was greater than 0.1 m’, MRE, RMSE and Spread increased
steadily with the measurement errors. When the measurement error variance was from 0.000 1 to 0.01 m*, MRE
and RMSE remained almost unchanged, indicating that, as long as the measurement errors were controlled to a
certain range, the model can give accurate and robust results. [Conclusion] The SWF2D_ DA model is able to in-
versely estimate aquifer parameters at regional scale, and that the less parameters needed to be calibrated, the less
assimilation steps the model would take to give reliable results. Its was also found that the tolerable measurement
error variance was 0.01 m’, which, for the aquifer we investigated, corresponded to a relative error of 4.4% in
groundwater table measurement. The model yielded accurate results when the measured errors were in this range.
Key words: multi-parameter joint inversion; data assimilation; observation error; ensemble Kalman filter; ground
water; model
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Impact of N Application and Intra-competition of Tomato Seedlings on
Their Root Morphology, Biomass Accumulation and N Use Efficiency

LI Shuang, GAO Yang, SI Zhuanyun, Tefo Steve Ramatshaba, DUAN Aiwang’
(Farmland Irrigation Research Institute, Chinese Academy of Agricultural Sciences/

Key Laboratory of Crop Water Requirement and Regulation, Ministry of Agriculture, Xinxiang 453002, China)

Abstract:[Objective] Competition of plants for resources could impact their development and resources acquisi-
tion. In this paper, we investigated the impact of nitrogen application and intra-competition of tomato seedlings
on their root morphology, photosynthetic traits, above-ground biomass accumulation and nitrogen use efficiency.
[Method] Pot experiments were conducted in a walk-in greenhouses with sufficient water supply. Two nitrogen
treatments were examined: sufficient nitrogen application (N15) with nitrogen concentration in the nutrition solu-
tion at 15 mmol/L, and insufficient nitrogen application (N1) with nitrogen concentration in the nutrition solution
at 1 mmol/L. The intra-competition was created by growing four plants in one pot (P4); the control was growing a
single plant in one pot (P1). [Result]®With the seedlings growing, P,, G, and root morphology in N15-P1 treat-
ment were superior to those in other treatments, and at the same nitrogen application, intra-competition reduced
P,. @Leaf area per plant increased with nitrogen application, while at the same nitrogen application, intra-compe-
tition reduced the leaf area per plant, giving rise to a decrease in above-ground biomass accumulation. (3Increas-
ing nitrogen application led to a rise in soil nitrate and total nitrogen in leaves; intra-competition increased nitro-
gen in leaves compared with those without competition. [Conclusion] When the nitrogen concentration in the nu-
trient solution was at 1 mmol/L, the seedling without competition grew well, whereas when the nitrogen concen-
tration was at 15 mmol/L, the seedlings competing for resources took up more nitrogen due to the relief in nitro-
gen stress.

Key words: intra-competition; root morphology; photosynthetic characteristics; biomass accumulation; nitrogen

utilization
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