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Simulation study on the effects of typical gully land consolidation on runoff—sediment—nitrogen emissions in the
loess hilly—gully region
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Abstract: It is necessary but difficult to evaluate the influence of gully land consolidation on water resources and water quality in the loess
hilly —gully region. Through the rainfall simulation experiments in different rainfall intensities and channel land consolidation ratios, this
study evaluated impacts of gully land consolidation project on surface and underground runoff, analyzed responses of gully land consolidation
project on nitrogen emissions and also discussed the mechanism of gully land consolidation on precipitation distribution and nitrogen emis—

sions. Results indicated that the gully land consolidation project could regulate the distribution of precipitation, intercept rainfall runoff and
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promote the transformation of underground runoff. The regulation level increased with the increase of gully land consolidation ratio,and the

average proportions of surface runoff, soil retention and underground residence from precipitation of different rainfall intensities can be ad—
justed from 62:21:17 to 45:22:33 and 27:23:50 when the gully land consolidation ratios were designed as 30% and 60% respectively. The

gully land consolidation project reduced the discharge of sediment, nitrate nitrogen and ammonium nitrogen in surface runoff but with an in-

creased risk of nitrate nitrogen output in groundwater runoff.The gully land consolidation with a proportion of 60% could reduce 69%~82%

of sediment output, 63%~74% of ammonium nitrate output, and 31%~48% of nitrate nitrogen output in surface runoff, but increased 160%~

337% of nitrate nitrogen output and had no effect on the ammonium nitrogen output in groundwater runoff.

Keywords: loess hilly—gully region; gully land consolidation; precipitation transformation; runoff and sediment; nitrogen

UEAESR , M Ab ¥ 1 Fr B2 YA AR XA E 24 T 245 T A
“VE " AR VA TE RIS TR H L 518 T
2L TR R T A SRR RS 0 A P
Mt 20 H ST U8 A2, Liu 400 #7815 H
XA AR, 0 H B SERt N 1 HE b TRTAR 27.41%,
/D 34200 9.87% ; Guo Z5EM7E & B4 X BF5T KB
B S A SRR T X IR kR SRR 2 )
FIPJE, AR TR MR TR — 1 5 B
16 FSES Lin SO\ R 7438 + 1% A TRERE B
R 2 AR 1 i, o DX 8K B VR R AR 2
SR I AR ELA R S, 0 H AR e % H 52
BT YRIRAES i B R AR T RO TS B AR, SR,
2 R L G JE G () 1 1 - AR TR A AN
BB VRS, o H R AR 22 L [X 22 I 2013 4F 12 S5 5 FH A6 56
Je , 0 H X 1 2z 5158 1 848.68 hm?, Y b 45 55
19 JEPL AT 3T B St AT BES | & 1 A4 25 45 ) AR
SR AR BRI [ 0 B0 D o Jin Ak “ SEL V) 1 . TR
BT, A7 ] BEAE M B | A AR EREE 7 1 5 | &
— RGN ), HSl T 2 — R e A A AR 4
TS5 H LR ARG T IR, — e E o
WD AR A A5 T BEAF 9T VA £ b A TR vT Ag
MR AE S FREE S L Yin 80 B R HITA R | B2 Hh,
X Ve T B 2546 T VA T8 R /K, 3 0 2 Ak 2
TAKFETHIG 3 T R 2R 5 2 U 55 R A TR A A
RUBLHIZE A, VA58 1 MBI T AR RE S ) it S /K S
T E ek A g o AR, H TG TS - AR TR
Xof 7K IR PRV R T S DA D)/ DL A

AW IO B LA 1 1 e, 3t
TR E IREF- 7, TERF ST T8 1 A X 3k
B A T AR R A SR b AT bR A T
A 3t Hh BB T Y T Y i R VI - A TR
W R, BT T Y IE A TR X R K A e A S
YL O VE FBLE . B FE R R TREX K
PR AN K FREE 5 M 1175 B PPAS $ E R A 4

1 #REFE

L1 iRge+f et
111 A A 4

R S R AN 2 N, X IX 2 A1
1B+ M AAB I T 58, LA — P B b
B T La Ry /N e 2 TR 0 ST A 15, 12609 H Aor
T HEI]— 2 AT N s i VE N Bl R
TR B 1~4 “F L PUAb R IR i o 2
B, o Xh Wil s IR 1b (B 1e FiR . JAIE
PN K235 Sk L I3 T2, B2 o - RE T, 2807
FETY AT L, LI RAME A HEAK  HE 3
TR ARSI A 4 FH AR . i yA a4 R
SERUE L2 5 HIR EEA 2 5 IR 4 5 HIRERY1E

& 5]
¢ S

¢ S HIK

¢ =S HIK

& 105 HIK

e 1 38300 T
btz

VAIIB B3R T AE LA,

A

0 2500 5000

10 000

B 1 AREELTEGETEE
Figure 1 Sketch map of a typicalgully land consolidation

project site



2017 £ 6 H

PN, 55 - B b BV AR XA IE L A X AR - Y- R R O B AL 1179

A s M 4 5 T 5T W A A 0
it

HR ALY TE - s TR T HRRE, g4I
AP TR S B b, TE A T
S - M TR SR B B
2a), IRISFREI K x i x i =5 mx1 mx1 m, 3R [ &K
3%, TAEIEZHEEE 90 em JE YN EMD B 1E IS HR
HIRD 5 AL 2 T8 B 5375 /K 2007, 2 IESE 10 em
o B R, R R KR R 0.25~0.5 mm, B
g AN 2b, A A & R 4.75 mg-kg !, B
Ao EMN 1.42 mg-kg,

Bl 1

Ea
m

Im 7
L
f

3
ANFHRLAE LR ARTRS B0 %

_l._-' e
o 110

0.000 1 0.001 0.01 0.1 1
4% /mm

B 2 IR E RS 5K A 1 R i £k
Figure 2 Sketch map of the experiment model and the Grain—size

refinement of experiment soil

1.1.2 3R T 5 m T

NIRRT 2016 4 4—6 J17E % 15 R 147
Tl 55 b A b [ R S S A T, BRI A R T
KPR E . BB M VAIE LG H ] SR ) mi A
58 R ) 200 oh 0% .30%F1 60% , Horp 0%
WA HO R JEAT T, 30% F1 60% %34 HeAd 2331 3
W E— AP HIR, XN b FHiER 2 5
A4 5 IR BB R 120 mm, RERT 3R 13211
730,60 .90 mm-h',
1.2 R HE

[ 25580 1.28 g-em™, Fr /K 13%, #5410
PRHIEAL , it A 160 kg -hm™ @& 110 kg-hm™,

Tt AP S S R TR B A IR 5 . T Wb A E Al 7
1.4~1.5 grem™, BRUCHIA F 8 L2 00, A8 1K
BUREPIR 3 h, EERHAP RIS YY), BUE A5 P
. RESem AL, TS5 em LERMEIE, 2
5 12~14 h FFIRRFER

R BT IS 5 28 TSR AN 5 B | [ RR 34 5
KT 90% M RFF Ui BT, 1055 77 s ], - di R
FEo FEMITFLATT 5 min ZFAIURE 015 H RG] BE,
HARR A FRERLE AR TR b o Je VIR AT
2 AR S S AN B S B R SR M A A W) A=
71 DR2800 B #5406 BN E

2 HERES

2.1 BLEUAE B TR FRRR N
2.1.1 X RAR I Y 5

IIEHIA TSR A IE , AR VA MR 55 A
Ref AR I g o AR I R, AR TR B R AR T Ao RS,
P 3 S T )3 b R TR K AR S, B
AU, AT R B S i TR A
P RETRAFAIA S 50 min J5, RS REEARE., W
T8 4 A TR TF R B s T bR AR i i, 3
A BRI, /Mg SRR . DL 60 mm-h! RN K
B, 7E 0% 30%F 60% 518 + 1A L2445
TOEE RS 98 63.45.24 mL+s™, 30%F1 60% 14
TH - HHE G A e A 34 3 i 29% 1 62% , 42
TR E R
2.1.2 X AR

VBTGP TREABERAR 1200, i RE RS ke
WAB BN N3, A s K™, & 4 e T
VT A MR T AR b A2 S R A2 ) [ T
Je M AR I S S N FERE T 7~8 h e, Hh
TR AR R K, I 24 h 5 AL R AH[A]
R ARAE T, #4283 I 2 Pl Y 1 3 E A g 2
B LA 30 mm-« h™ WRREE R, 30%F1 60% L 4]
()76 T8 6 43 G H T 48 3t 0 (i 9 423 mL + min™
F1 42 mL-min™, BEHIRE FEEA50 5k 77%F0 223% ; B
R ARG i 62 mLemin™ 1 119 mL-min™, 3
TR 45 R 53%A1 112%
2.1.3 XK AR 00

THIE - HbFE A TRE AT A AU b 28 K 1) 3 R K
BEAL, SR R PN B AR R A L, X 2 RN T i
IKGEUFERA — M RZma ==, ] 5 Sl | A8 1 A
16 TREXSBEAKFEAL 52 . BB 10 16 TR L ] iy 3



1180

RAIMERF 2R EIRIET ]

L FTR 30 mmeh

Wit /mLes™!
[}*)
S

Nl 15 -

N

0 50 100 150 200 250
it 6] /min

80T |, {9 60 mm-h-

701
60

Tw
2 sop kb e st
ol
G 30t
4.‘% .
= 20+

10 "?

0 1 'l 1 1 1

0 30 60 90 120 150
[+ [&] /min
1201 c.Fii5R 90 mm-h™!
100

-
£
iz
@
®
=

0 i L L 1 1

0 20 40 60 80 100

Fisf 6] /min

WIEEIR G 0% <% 30% ik 60%

3 EiE T HEE R F R RA R

Figure 3 Effects of gully land consolidation on surface runoff
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Figure 5 Effects of gully land consolidation on groundwater

precipitation conversion
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Table 1 Effects of gully land consolidation on sediment discharge
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Table 2 Effects of gully land consolidation on nitrogen discharge in surface runoff
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Table 3 Effects of gully land consolidation on nitrogen discharge

in groundwater
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Figure 6 Relationships between pollutant discharge and runoff
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