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Impact of Spatial Heterogeneity of Precipitation on the Area Change in Crltlcal
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Absteact; Almlng,.at non -point sources po,llutlop in't agncultural areas with large 1opographlc fluctuations and spatlal dlfferences i
precipitation, a, SWAT model was used to evaluate the spatial*variations in the criti¢al §6urce areas ( CSAs) of total nitrogén (TN') ahd
total phosphorus (TP )~under two precipitation ; scenariosy it'e. , heterogeneous precipitation and unidorm precipitation. A change#n’ the
CSAs 1dent1fled based on the two prempltandn scenarios durmg the study period were $tatistically calculated, and the relationship
betwd%n the CSAs and pregipitation variables was discussed. The study results showed that when the total precipitation was the same,
the Vanatlon tendéncy of the identified CSAs fér TN and TP"under' the two precipitation scenarios were similar, and very close for a few
years. A(qordlnv to the results of the pair ¢ test, the CSAs of TP were not affected by the spatial variation of precipitation, while the
change in CSAs for TN was more significant under different precipitation scenarios, which is likely due to the difference in the physical
properties of nitrogen and phosphorus. The correlation analysis between the CSAs of TN and TP with precipitation variables showed that
the variation in the CSAs of TP was positively correlated with the precipitation variables in the same year, while the variation in the
CSAs of TN was strongly related to the precipitation variables of the previous year. The results obtained in this study are of great
significance for further exploring the impact of uncertainty of precipitation, which is an important driving factor, on the CSAs of non-
point sources pollution and the governance of agricultural non-point sources pollution.

Key words : non-point sources pollution; critical source areas ( CSAs); spatial heterogeneity of precipitation; SWAT model; total
nitrogen (TN) ; total phosphorus ( TP)

AR T 2K P85 fmﬁeth {Tm WEmbr RIS YA ISCR B L XY,
T 7K SRR R ) ﬁ%)‘l%ﬁ mﬁﬁi BE S HA—A E SR R Y {1 Dl b W Tl -1 | AR 5B S
ig%ﬂﬂl? {H R & AR TS G EVJJZ%T*’F%‘J e[ F A R A A P R S R &

Yer| & BEREE AU T . AEAR S RIS Y . SR T AR A A AR TR TS Y kA B BR B T, JoRE R
Eiﬁdtl:iﬂﬁ ASGE A S IR HERCES ) JE ik PARAS [ 53] REGHNEZ " HSHEREM L, BEHAA
KM HAR . Safhiit, &t R A 30% ~ 50% 1 i 28 3 A AN H AN GE PEAE R R4 51 7 R
RO AT Y, Horp ROl 35 32 18 i 4Bk FEF R B B T U531 A9 BRI X AR AT B A7 2 B 7K Hisf
ARSI YLy FE RN P AR EHTEIFM/)?‘??Q%/E\ B i BRI 0 S BOR B 8 S B IR DX I AN HER . TERF
AT BEMLME ORI P S5 4 i, S 85O G B X Jak S B 2020-03-06. 4537 E 3. 2020-04.10
MELURAE D ) A S bRia EL R IR %Hﬂa‘jj‘* ESTE . W5 A B %I (2017YFCI502703) ; JL0il £
5L, R T AT FEIIA 8, DAL M 75 B0 15 A a1 (8202030) s FSCRLAR R A 2
ﬁﬁzalﬂ*ﬁxﬁw\ﬂﬁI:iuiﬁcf'ﬁim/éﬁﬂ P, ey FEEA ;ﬁ;ﬁg;ﬁ; [% ilﬁﬁéf}gﬂ%ﬁf%ﬂ? 18 3

J En\\ﬂ??é%@”?[:;’i";”;nnﬁ{g T"‘%‘J&T IEJEiE,m # M[EEH , E-mail ; dpzuo@ bnu. edu. cn



10 41 IR+ /K 2 ] S B S G U X U T8 F 4565
AR SEBIRDCSE M Ty T, SR ARARAE ORI O A 1.2 BdikiR
AE0 PSP KR ARG R4 15 B W A 2R AR (e P S0 R s AR S A U T

W17 ; Huang %" 35T SWAT #i%I7E HRUs NJF |
iU TREE S TR O] IR PS e SRV INER S
S R S R AN O N Tl 7 1 N N
T o DX Y AT 671 fr REAE AR Ak D B R /K B 3 AT R X
ORI TS G 7 A B 52 ). B AR B 7K 5 (] 43 A AN 3
X AR IR DGR D B R 237 R — g 12 fH H
HTAN DA AH DG 5E.

AR S REE K 23 ] S5 Bt o s VR T e oG B R
DRI ) 520 , LA T R e VA8 0% B Al 3t 3 o F
FEIX, BARF K 25 ) S Joi ek Xof Sl Y0 X34 3 v X i)
(R FFBE IR TE T AALE AR TG e O B IR X AE 4 5] [ K
A5 M R K A5 A [8) ARy 1 T ARAZ Ak, 520 B
OB IX T AR 5 [ /K = B AR DG OC &, LU Ry it sl Al
SRS Y R BRI S

1 WS Ve

1.1 W XA
ISJ{Jr{Tﬁinﬁ'Fﬁ:!!%/Iéf'ﬂiﬁ(El) J%MZE-
TL# R JﬁS‘Z,{ﬁ(126°4O 20" ~ 1-27«04‘1,3'33 E,
45°05'30" ~ 45950 P8"N), JF/;.L%& e . mfbﬁfﬁr
T A3 581 Kn2021] ﬁnﬁﬁii{ﬁ?%ﬁﬁﬁiﬁi%ﬁuﬂ h
Tﬁﬁﬁﬁﬂ%ﬁjﬁ@ﬁ%ﬁ%ﬁgiiﬂﬁﬁ

TN, E*Bﬁfﬁ%zgﬁiﬁf T 1 i@iﬁj‘ﬁf

T{;wi@??ﬁ ﬁﬁliﬁlﬁ(ﬁ?i?(ﬁ?/mﬂﬁwjm%%ﬁ
TSR R AR K, A K, £
AESE IR K& 400 ~ 750 mm , AE NIRRT AN
BAEHTE 6 ~9 H IZITBRE KT 5 EAERKE R
65% ~70% . I 1 Ui AKX, Al a6 BT,
F?)‘Hﬂzlkl: FEAEY) R KRG BRI K. BT

WSRO A e e — AR A2
Tikﬁivk T R AN A AR 6 V5 7K B AR b TR 75 L 1 5%
Wi, KRS G5 B 2 o 45 V 2ROK i, B E A
FIATK T2 1 3

A JKH
K&
P /m
i 827
! AT 26 0 13km

1 FfHaRiEit B B R E
Fig. 1 Location of the Ashi River basin

T 5E 2, 25 )3 HE 36 30 m; LR MR B0E .+
B AN I 1 B DA KT o 2 i PRl e I RR A g B R
ISR B U S48 B 2 HER 00 R 110
T3, 1:100 J3H11:25 7 5 KRB AR FE X R IX
Bl oo 3R At R SWAT #5274 vh [5 K <, R 4k 3K
HECEAE (CMADS V1. 0) ™2 $EHEURBA 4 <
G5 52008 ~2015 4Fi% H SR B & (EFK A
T KU RIS ) 5 7K SC Rk o W A58 433 o
VT BT 37 St R JR 3 T BRI W s | B[]
JE 58 2008 ~2015 4. BFFE X ARl A ite FH 2 AR A vy
/J\?Eﬁ?%ﬁfﬁ%&iﬁ%ﬁﬁiﬂ. 1 T BT A1) 7= v
B2 A 8 182 Wkt = R L w1 BN B 1 4 N S I e e
U SHRHE. ﬁ'_aﬂfxﬁ’vkﬁ%aﬁ RAEBE A8 /\H
AT M "*{ﬂ'ﬂﬁ]‘lé]ﬁ 1 H.2 H&S ~,.16’H
1.3 b
1.3.1 SWAT ﬁﬂ:ﬂ | ) F &
SWAT( soil and' W)ater assessment tool TZE.EE";'E%E
zuwrsmmnw LT R 7 B R AR 27 JHT
*;%Uﬂ(gﬁm}(ﬁ%’?ﬁ{%ﬂﬁHﬁijﬁﬂﬁﬂiﬁﬁﬁ Al
AL A ﬁﬁ%ﬂf"ﬂi%ﬁ?ﬂ’ﬁ(ﬁf E?J'\‘/)lbﬁ'
EI’J7J()L VRl ﬁ&fki%ﬁﬁjtﬂﬂ 500 s_g;AT
HTR AR R B 25 PO S 2R T ) 43
ok 2o e R Tﬁt%ﬁtﬂtéﬁéiimﬂﬁi a3l
I 2 3k — 25 K1l 43 7K SCI B 2898 (HRU ) ). HRU
JSEIK SO FEAR 07, BTk A) 43 (1 HRU J2&:
AHIF AR B ST | 1 B s — 5 AR
WA R 53— 80 E 2 HRU. SWAT K SCHE A1)
BRAUL I F K s A, oK -y B R

SW, = SW, + > (Ry, —Qu: - E, - W, - 0.),
i=1

(1)

Ao, SW, FoR HHERAEKE (mm) ; SW, Fn+
G E KR (mm) 5 ¢ FoRI AP (d) 5 Ry, RN
FEK R (mm) 5 QR HEAEH (mm) ; E, %‘%/Tzzzs
KA (mm) 5 W, 2R 13RI 3EA AL S YK &
(mm) ; Qg‘\,%éﬂ?ﬂﬂ?ﬂ(mﬂ(%(mm).

SWAT Rt ] AL 3k 9 2 FPE 20 N AP AY
B HAL. B3R n] gk AT IR I8 | B8 o 3
WA R ) R TR
1.3.2  BIALEAN

ARICKH SWAT-CUP A% SWAT #1754
B8 NI E LATE AL SWAT 5 750 75 3% 0 3 1) 3% 7
P BRI B 2008 ~ 2015 4E , Hivh 2008 4F 4 i
SIS R SRR R S LR Ve iR A



4566 57

B 41 %

L
&

2009 ~2013 4 R EW, 2014 ~2015 4E K EH.
DA 30K 250 (NSE) FIHE BB RY) 1E iEAs
BOUZE R R B 35 45, Hop NSE AT R? 1154 5K
mr.

Z (Qol)s,i - Qsim,i>2

NSE = 1 - 5 — (2)
;<oh—omf
Z(Qobs,i - 61 )2(0 m,i 6sim>2
R = — - -
;<om—omfg<m - 0,.)°
(3)

o, QT Qo3 B 26 S P 51 AN LT 41 5
Q. Q. A3 122 735 S0 F 51 45 (5 R85 97 24 £
IS | NSE Al R® #3235 1, 0 A RO M. — A
2 NSE >0.6 F1 R* > 0. 6 I, A 0550 535 JE b5 B
SR Y
1.3.3 [ESDHAKLE

Shapiro-Wilk #6:%% (SW K ) |, 1 Shapiro-Wilk

10 1965 AEH LTS o FEA 2 3545 4 T2 A

S SR R KA S R A
<50 ILAEHE T A TEAS . BB R S
AERA W NE TR HEI RS o, AR A Xt
17 ity vy, SR W AR [

o l 12 ‘al _....-__ar"
[_Zak,n<xn+l+k - xk) ] —
k=1

- (4)
;«n—mz
Mo AEEE, P =02 Y0 NEHEET, = (n
-1)72. ¥EG = W R A, 52T SPSS # i, 15
B P E,BCE BEKFR0.05,% P, <0.05,4F
4 JR A, A, WA FEASF & IE 0.
1.3.4 HEK 5
BOXTREAS ¢ K50 2 BREAS ¢ R0 I Re B, R A
W PR C XT3 8 A TE B B 22 . LR AR LR
BEXS PN 22 E I BB 5 0 A4 it byl 3 2=
S BT KGR R AR
i D=0
Giita = I (5)
Ao, DRI ; S HEMFIIRRIEE 0 N
XFF 8. B A KN 0,05, R IES &, BT
SPSS #1458 P, {H, %7 P, <0.05, K M5 A W
WAL AW, JCH AR
1.3.5 fHEHERK
BT SWAT AR R S BRI R 15
B IPSR KA R R G 9K S B SR et X R AR

i

SRR IR . AR SR SE 2 R ST S, 4
S ORI % R BB IX 52 BRRAK 25 1 43
i) 4 MRRI B E N SR IS R 2 — 155
R K 221 4371 AR B4 1) S UL X L 45 41 O
T DIBIFSEIX 4 AWK R B R S T
TERR LIV 0 T ST K A SR £ 5 2 0
B —  FREH ST KT X X R 4
1.3.6 R IOCHEIR X E L

A A R TR XA 20T 43 B B e 1 9
AR I 43K 0 B T 38 2408 4 K 0 32 4
KA R i e B SR PR AR B 1 34
SICHEX B 75, L SWAT Je/ LB 18 K ST
T 7 91, B4 7K S i 2676 263 1 7 77
HREVINEE , L SRR 4 ol 1 As i, BAS
et BT 43 LU DS K 50% 18 15 2Rt 1
BT IO 59 1 30 B A 2 5 T Sl X

2 #R5e / 7
2.1 ERIRGERIE | Y 4

AR 3K S 2009 +2015 4F 7 72 i 4 0
kR SURL X580 5 50T 3 E MBI 42
AL AR B S O (P AL (X U 2. A rpf
51, s R T AR
B, T R BAIDL A A AT A e 2. TR ) RS e
RT3 D TR I SR B AR, e
FR 5 Y MR AT — 52 . % 1 B AR SO X (g 2
IR K BT S Bl 8L X T LA AL 434 | A 985 I
TE U R DRI AR R VI A AR TR S £
B
2.2 PR R e Ak 2 i AR A A A

HRPEBT AT R 4 A~ Z2 4% A4 2008 ~ 2015
A HRBE R K G 45 ) 2 3 400 2 45 - 2 e K A
381.0 ~490. 4 mm Z[a], HAHUHKEK (6 ~8 A ) i
SAEREIKEY 51.3% ~T71. 3% . FE T s N 408 5
G, SR LR (45 ) 0 2 4 - B K s
()43, GV 3 5% A el 0 B0 1303 dk L 3 e
AR5 i 85, LA S I A A 8 DX, T 4 i
WA ke LR ARG , A TR K Tt 2 1 4% 1) 7
LT WA 3. 77 1 10 4 B T PR A A T 5
TEAT X, Tt b R e 5 , LR KU, % AR T
XS], 5 WA K A 725 5 T 2 80 3 6 I 3 g 7
VR 32 M BELI , AR X580, S A AR I

KGR AR K A A T L P 4
HR R T BT A A K 2 1 7 SRR . A4 4E T
BIRE K AL LR | 2012 4FJF MK 5 ) 7
T 2012 4ELART , Mo e K e 52 K R 3. A4S AR



10 o GRS e P 0 A 58 G 58 DX RS T AR £ ) 5 ) 4567
60 -
—— I HEM (al) SiiE (a2)
60 | —e— ML R*=0.66 S0 R =067
~ NSE = 0.65 o il NSE = 0.65
g 0 T 0}
= =
B a0} 2 20r
10
0t L ri " 1 L " i L 0l L 1 rt
2009-01 2009-08 2010-03 2010-10 2011-05 2011-12 2012-07 2013-02 2013-09 2014-01 2014-08 2015-03 2015-10
1250 ¥
HEH (b1) LN (b2)
1000 | R =0.61 ol R*=0.76
% NSE = 0.60 é NSE =0.75
o) & 750}
g 500 g
§ g 500
250 | 350k
ot . : . . : . . ol i i
2009-01  2009-09  2010-09  2011-07 2012-05  2012-11  2013-05  2013-11 2014-01 2014-07 2015-01 2015-08
B (cl) SN (€2)
40 F R-=042 R==10.350
= NSE =-0.14 s 30y NSE =~0.62
=30 b =
& 0 z
E=I [ @ 10
2009-01  2009-09  2010-07 2011-05 2012-01 2012-09 2013-03  2013-09 2014-01 2014-07 2015-01 2015-08
HH (4E-H) HIM (4E-H) -~
f - - —
A !- & ,, , M2 S \.h s pmmn sl | ~— "
i | 2 Fitting results—.of s ulgl?ﬂ and me red values for flow, T.]N" ﬁ TP in thg.fﬁshl Rlver basin i T 4
"
A |" L-- Ar J. \ /.—‘-'f
|
N ! o]
A i{_ \ 600 | %I
f 550
500 ¢ Q
g
E 450 |
=
g 400 ¢
350 ¢ E
300 ¢
[ ke Ak /mim
B : 4904 250

HQIE: 3810
0

B3 FftanE s EiEk=Easmh
Fig. 3 Spatial distribution of mean annual

precipitation in the Ashi River basin

KERRKEARE , 2014 5K UL AR
IKZs [A] 22 AR EE K5 2011, 2012, 2013 F12016 4F
Rk A A e e, 0 B Kk 25 ) 22 S 40N, {HL 2011
AR 2016 4T (19 B8 BF (8 3R D2 AR 0 A7 76 SR S I K S
RIS,
2.3 [FEKkES
s@%u@
T &

1) 59 it A o S s 95T G O B IX T AR

18] 57 PSP S HE U X PR 1]

o

2008 2009 2010 2011 2012 2013 2014 2015 2016
o

B4 F{HARgE £k ETK
Fig. 4 Annual precipitation change in the Ashi River basin

TET AR SR 15 S5 — R 7t AR L A R AR A
P OCHR R DX TR AR AT X L, 25 SR AN &L 5 B, PHa]
%D,Z:Hrﬁ/‘?\—qux zu@& ﬂUE’J?é%/)?EE*Ex

PeaFEARL, Hevb SOl SC B IX. 1o ARAE & 23 4E 403 L
SPARAE. A BT P ST OB I X T AR RN A

BAST B R E2ZER R ¢ i 1722 &
1‘&9@. HY RO ¢ 4G 50 R FH T A6 56 1 7 P 51 1Y) 2
B TEZS 3 A, PRI B S R AT A OC 3 47 Y IE 2
PERI. H T R]F S8R, BT LUR ) SW R 56, 1
BRI 1 PR,



B 41 %

4568 w5
201 (a) - o fifit—
£ iR
P °
= 15 - e °
B
K 10 o -4
=
] ®
< >
26
b
§ 24 ) ® L]
= °
= 2 ¢ ® 9
g 0
¥ 2 M
&
@ 18 °
16
2009 2010 2011 2012 2013 2014 2015 2016
A
B 5 SEERBEKMMSEAKEGHTAEREXERE
Fig. 5 Changes in CSAs under heterogeneous
precipitation and uniform precipitation
%1 Shapiro-Wilk EAN iR ER
Table 1 ~ Normal distribution test of Shapiro-Wilk
KPR IX A w L
MAH A 0. 083 0. 057 =4
TR 1.447

0. 19F

R A, P (K T R

0. 08, A o SRR B8 5 0 LS TR Tt
T AT AEIEAS A A . A SR LS R i 3
Koo A TR LI 1 857 At

SR e @ . PR IT S, AR SR fr

PR 0. 037 18 S R iU AL

AT AT T 5B AR X 6 AR 2 6P
KR 0. 05, FUIH5 T 0] 275 1. Wil R,
FERRACIE— S 7K 7 ] S5 P R B I
S TR/ T W B0, 0 B I
HY TP 1 5 B .

A R4 SR 0 R 5 AR 4 R 1 R [ A

AP o

B
FSP o
GA .
uQ + 8
ME ®
LQ ®
SD R ®
SKE | O

Fe AR g i

KUR ! — ] !
=10 -0.5 0 0.5 1.0

MK R EL

. B S TR T SR i FE T (S ) R
SR TR — B B T PR OB A T
W , SRR A LR B, H
VA O 5 - A (075 AR £ P S
By, Tii U B B T B AR VA 2 0 ik
R AR, R B AR SRR TR
oI R TR X, ARl A 7 B A A 4
AR T I DX I 15 ey A7 . i
TRE M ZWAT P IR K B —
T STMEIK M S HE T DI Y [ 2R T
SRR 30 R AT 5 TN T 53R K, Ak
25 IR H AR B S S U X U G — A T R
PRt S5 P R K AR 2 R 35 K, 9 A P A 5
SRR UL DX R A U 25 S TR T
2, BIRMEAK 23 1] 5 T 2 5 BT 1
I (R B i T v s e
TS X s BRI 7 LA B 25 2k 0k 32
>, AL 0l S 3 90 AL A T e

mE [ & g
[ %2 mdipnmnsR g
‘,JH Table 2 ﬁesul_;é;(;f pair ¢ test _
S HRIRIX 40 gt i
)ﬁ)ﬁ’éﬁéﬁz}{ o 2747 0,020
LSS +1.447 0.191 g

2.4 AR AUETE Y O B X 1 R MK AR AE 2 80
XF

T X VB X TR 45 AT 7K 4 AR [ i 3
AR, hRTE X K TR 5 R K T 1 56 R, PRI
FEAF W K FE 9 A AT 9 O A58 /K B Bt
IR A LRI | F PUSM B8 B T pu sy
(R b2 AR BE R BE (ANEL 6) 400 He 5 06

AP *—

i
FSP |- 2

FER e b

SKE @

KUR Ly 1 I
=10 =0.5 ] 0.5 1.0

HI: R

AP FR AR MK i, FSP R MUK it GA FORJLIAME ; UQ Fm b UM%, ME Fom b %,
LQ FR T U8 ; SD R T2 SKE FnfiE ; KUR FRIERE, TIA
6 EBBEXIAINERNEG HEBRKSESHNBELXER

Fig. 6 Correlation between the identification area of CSAs and the characteristic parameters of precipitation



10 #4

Feg IR A5+ P/ 2 (0] S B P 0T A s YRS B U DX VAU T ARV Fl B 52

4569

BRI/ N SE R H S AT 4 2R LI 6. A
AR 24T R RO B R DX T R AR K R AE S R
PICH AR , T Sl e O P AL IX 2015 3 S TR A o
KR RIAR R K DL [ K e ) A o 22 s HH AR
SERAH L.

LR B WA R, 2E— 28 20 B 45 AF RN

B SCHE DR DR T AR5 b — 4R RR KRR IE S 50 o6
FEORANE T Fras. ARl A, e O B IR X 5 R
—AEREKE R TP K R AR 22 R AR R Y
AR, RS AR X 5 b —4ERE KB R
AN B FR TR G B X TE AR 5 AR K
AKX

AP o AP e
FSP - ® FSP [ ]
GA Y GA - o
& UQf ® E UQ ®
s T
& MEF o B ME | @
é LQ O ; LQ |- [
SD @ SD | (0]
SKE |- O SKE |- e}
KUR e ' KUR L L
-1.0 -0.5 0 0.5 1.0 -1.0 -0.5 0 0.5 1.0
% RY RS 7
7 *(@ERAIERS F—ERASTESHNELER || Ve =

Fig. 7 Correlation between the identification area of CSAs and the characteristic parameters of. last year precipitation _h-"
i i ¥ e i s

L I TR 5 R AR 1 B T

2 SR Y. P AR T AT, R i e
Fy i 1 P A o 2 1 o SR I 1
R K dak B R ., PRI T S K W K

A3 R R I 46 I B 2 St B A 2 |
VL5 RS 0 T8 W e 5 108 3 B

HURDHAN JIF ARG — 4R e K R AP 45 ek
R 22 SN | S B0 AR S LTS e 1 e R
LRAS LR 1A R | I AE 50% 15 e B
BT A TR 0 S O R R X TR R A, R
51X I ZE AT B B A . Al T 5 S Y W 1
BT Rt B eh A R B B AR S L
FICHIL R e AR B2 0 06, LT ARS B AR , k 1  rT
AP R ) 2 e K I | R T R AT R
RIS R L | — B A WA T HE AT, 5 LK s
1, 55— 853 MR B A B 4 X AR Tl R T
BT , B E IR AE R AR FE R, R BRI 52
5 HE AT, 5 B0 T 55 0 vk B T v T R T
SWAT BLURT , 2 3 70 15 YL W 5% B8 X 7= A 1 5 e 45
Bk A2 T X ST R 17K S 2T P A 1 B 3
AR R X R R DR A
3 g

(1) BT 3R 2 4 - H4 K 2 A 37 358 45 1 1
VG338 R B IR R A 2 i 43 A 2B AR AR TR EE I
Z I AR .

(2) T B B A R 1 A ], 7 Bk e —

iy

.;"..
=

I, A G IR X UM T /N 32 B 7K 5 il S Jit

ety B 5 I P BB 01 527 5 A

25 W AR — &
(3) 405 B 9 T LA/ S e

A Lo 44 S R I RS 4 W Bt

RO, TR UG B IR DT AR A 5 b — AR K B

R E ARG

SE

(1] Ve, thass, XVEH, &, LT GIS A USLE mydk Sikis
RSP ], KPR, 2007, 21(2) : 170-174.
Pang J P, Xu Z X, Liu C M, el al. Identification of critical
nonpoint pollution source areas based on GIS and USLE [ J].
Journal of Soil and Water Conservation, 2007, 21(2) ; 170-174.

[ 2] Pimentel D. World soil erosion and conservation [ R ].
Cambridge : Cambridge University Press, 1993.

[3] #7, Tk, &%, 5. BT lE-I07 e isar S 85
YRl s U0 AR S I 45 A e —— DL 1] T B 28 T g 1A )
(1], BHAZS24R, 2016, 27(10) ; 3325-3334.
Huang N, Wang H Y, Lin T, et al. Regulation framework of
watershed landscape pattern for non-point source pollution control
based on ‘source-sink’ theory: a case study in the watershed of
Maluan Bay, Xiamen City, China [ J]. Chinese Journal of
Applied Ecology, 2016, 27(10) ; 3325-3334.

[4] =Z=6fr, XE, FEMK, 5 LAHBRE ST Sk T
TD S ) A TS R AL [T ] AR AR R4, 2016, 27
(9): 2891-2898.
LiZ H, Liu M, Li C L, et al. Non-point source pollution
simulation under land use change scenarios in Hun-Taizi River
watershed[ J ]. Chinese Journal of Applied Ecology, 2016, 27
(9): 2891-2898.

[5] EBE, MR, ek, & R EEE SR PR BE 075
17 )22 55 B SR O R TSR [ ], R AR 22 244
2019, 38(3) : 659-670.



4570 A 41 %
Wang Z F, Lin C, XuJ D, et al. Spatial differences in non-point 365.
source particle phosphorus loads and critical influence factors in Su B L, Wang J P, Jia H F, et al. Identification of non-point
the Chaohu Basin [ J]. Journal of Agro-Environment Science, source pollution in the Miyun Reservoir watershed[ J ]. Journal of
2019, 38(3) : 659-670. Tsinghua University ( Science and Technology) , 2006, 46 (3) :
[6] LeeS, Sadeghi A M, McCarty G W, et al. Assessing the 360-365.
suitability of the soil vulnerability index ( SVI) on identifying [19] HuangJJ, Lin X J, Wang J H, et al. The precipitation driven
croplands vulnerable to nitrogen loss using the SWAT model[ J]. correlation based mapping method ( PCM ) for identifying the
CATENA, 2018, 167 1-12. critical source areas of non-point source pollution[ J]. Journal of
[ 7] Sharpley A, Tunney H. Phosphorus research strategies to meet Hydrology, 2015, 524 100 110.
agricultural and environmental challenges of the 21st century[ J]. [20]  B&I&, RIHG, VRIEE, S5 ASTR)RR 30 G I AT ) DX JRTE A A
Journal of Environmental Quality, 2000, 29(1) ; 176-181. EIRER T[], % EH—%, 2019, 40(11) ; 4924-4931.
[ 87 XBERY-, #hiils, B2%. KARVLREAE SIRA R 5 ey e Chen J, Zhu G W, Xu H, et al. Influence of rainfall intensity on
0,@])(1}3\%][ I]. ITfLﬂUr'm"m’ﬂx 2013, 33(8) ; 2307-2313. the nutrient loading from an inflowing river in the plain river
Deng O P, Yang S Y, Lii J. Identification of critical non-point network of the Taihu catchment [ J]. Environmental Science,
source areas of nitrogen in Changle River watershed [ J]. Acta 2019, 40(11) ; 4924-4931.
Scientiae Circumstantiae, 2013, 33(8) : 2307-2313. (21] Akt BUA-RT s 2R AR B oK R SR D B LR S 1T [ D]
[9] LiuY, Gao P, Zhang L Y, et al. Spatial heterogeneity W IR TEE Zrdboll K27, 2005.
distribution of soil total nitrogen and total phosphorus in the Yang H X. The estimate of water conservation function of forests
Yaoxiang watershed in a hilly area of northern China based on in Ashihe-Drainage Basin [ D ]. Harbin: Nurtheast Forestry
geographic information system and geostatistics [ J ]. Ecology & University, 2005.  _
Evolution, 2016, 6(19) ; 6807-6816. [(22] JHig, &ERE, SR, % T Mmust: ff,@?ﬂgﬂ#ﬁl*’ﬁrﬂoﬁhﬁ
[10] He Z L, Wilson M J, Campbell C O, et al. Distribution of Zzikjlflf{ﬁ{’i JXLI}‘%H:’fE[ 7]. Kﬂﬂ,{%ﬂlﬂfﬂ, 2015, 36
phosphorus in soil aggregate fractions and its significanée* with (3): 469- 476. F o
regard to phosphorus transport in agricultural runoff[ J]. Water, Zhou H, Lei'lG P, Feng )glj et al. MUSLE- based x']p'k evalu.atlon
Air, and Soil Pollution, 1995, 83(1-2) -“69-84 J of agrlcuhurdl nori-point | source pollution in the Ash R___wer
[11] Cheng YT, Li P Xu G C, etal Qpallal distribution ofssoil 4otal : waterqhed[] .rﬂeseari'h of Agrlcultural Modernization, 2015 36
I_.-phoqphorus in Ylngwugou watershed of' the Dan Rlvér FC}p-rfa“ (3): 469 476
(1. (,AT.ENA '2016 136 175-181. o o [23] WA 1 FfA;TxLEﬁ?lﬂﬁHﬁhiwn%(éuk’ﬂ[]] J_(ﬁﬂ('%
(12795, s, leI“i* R, g5 RIS R mtﬁmsa 2011, .2'7(9) .63
'/megﬁﬂ’i%n [J]. R, 200, 40 ( 12) 5348— [24] Meng'X Y4 Wang H,“Tidi X H, et al. Hydrological modéhng'in
_+5357. % P v ) 1 the Mands Rivet basin using soil and water assessment toul'“ﬂiiven

[13]

[14]

[15]

[16]

[17]

[18]

‘ Farul‘g‘N, Lin LI You Q H, et al. Effects of land“use “_t}'/pes at
': différent spatial scales.‘on “water quality in P(.)y.ang L?ﬁe wgl_laﬂ‘-(j:f
/ [J]#Environmental Science, 2019, 40 (12)"; 5348-5357===

A, e R S, . R DA A
M BRI 1]. SRERE, 2019, 40(3) ; 1468-
1474.

Wang T, Huang Z L, Zeng L X, et al. Effects of fertilization on
the nitrogen residual amounts and leaching from citrus orchard
soil in the Three Gorges Reservoir area [ J]. Environmental
Science, 2019, 40(3) ; 1468-1474.

ZRMENT, TERKIL, JRMAR, S5, [ o 3 X E VA I U RUSPD
W[ )], PR, 2019, 40(12) ; 5375-5383.
Li X H, Lei Q L, Zhou J G, et al. Effect of rainfall intensity on
the content of nitrogen and phosphorus components in plateau
a case study of the Fengyu River watershed [ J].
Environmental Science, 2019, 40(12) ; 5375-5383.

Strauch M, Bernhofer C, Koide S, et al. Using precipitation data

areas;

ensemble for uncertainty analysis in SWAT streamflow simulation
[J]. Journal of Hydrology, 2012, 414415 413-424.

Zhang Q, Peng J T, Singh V P, et al. Spatio-temporal variations
of precipitation in arid and semiarid regions of China: the Yellow
River basin as a case study[ J]. Global and Planetary Change,
2014, 114 38-49.

ARILEIR. 5 K PR R A IR 75 GBI 5 B SR U DX U
HARVIID]. RH RHERY:, 2014

Lin X J. Study of non-point source pollution in Yuecheng
Reservoir basin and a new approach to identify the critical source
pollution areas[ D]. Tianjin; Tianjin University, 2014.

bk, EET, ﬁ?@m% S B K BRI BRAR SRS PR
LI WwiEREFER (A wtﬂ JiR) , 2006, 46(3): 360-

[25]

[26]

[27]

[30]

[31]

by CMADS[ J]~ Tehnitki Vjesnik, 2017, 24(2) : 525-534.
T, AR, XIRHR, . CMADS B 42 & HAE ik
SCREAL KBRSl R JH—— AR O B [ 7], AR BRIT,
2016, 37(7) : 1-19.

Meng X Y, Shi C X, Liu S Y, et al. CMADS datasets and its
application in watershed hydrological simulation: a case study of
the Heihe River basin[ J]. Pearl River, 2016, 37(7) ; 1-19.
Shi C X, Xie Z H, Qian H, China land soil moisture
EnKF data assimilation based on satellite remote sensing data
[J]. Science China Earth Sciences, 2011, 54(9) ; 1430-1440.

et al.

TRomer, KOOI M. kst BREAHRA:, 2009.

Xu Z X. Hydrological models [ M ]. Beijing: Science Press,
2009.

MOFHE, BEDE, MR, ks R —IR T kS

]

BEHIM]. dest. o EFRETRE T R, 2006.

BURES, 2Rk, IR, 45 JET SWAT SR ) A 713K
BWAEL]. ARV, 2014, 29(10) : 1746-1757.
Li L T, Peng Q Z, Guo Y Y, Runoff simulation of
Dongjiang River basin based on the soil and water assessment tool

2014, 29 (10). 1746-

et al.

[J]. Journal of Natural Resources,
1757.
Neitsch S L, Amold J G, Kiniry J R,

assessment tool theoretical documentation version 2009 [ R ].

et al. Soil and water

College Station: Texas Water Resources Institute, 2011.
JETWG, ALLRE, ZEACE. BET SWAT BLAY (Y 7 JE o] i 8l <
PRASAC TR TS [ T]. K Iy R, 2015, 34(4) : 8-
15.

QuJH, Shi HW, Li Z Y. Runoff responses to climate change in
Qinglong River watershed based on SWAT model[ J]. Journal of
Hydroelectric Engineering, 2015, 34(4) . 8-15.



10 4

Feg IR A5+ P/ 2 (0] S B P 0T A s YRS B U DX VAU T ARV Fl B 52

4571

R, T2, Bk, S5 A0l AR SRS g OCHEE XN
FIIFEER TR [J]. AR, 2011, 30 (12); 2907-
2914.

LiZW, Yu XX, Yao X Y, et al. Identification approaches of

[32]

critical source area of agricultural non-point source pollution: a
review[ J]. Chinese Journal of Ecology, 2011, 30(12) . 2907-
2914.

KRR, T, BLL, A RBERERE S A R A I AR
RHEBEX P AT. W 2017 hEREERI S Bl HHOA
ESRSUECE =) [C]. dUat (R EZEARBATIOBE ) )
LT AR BRA A, 2017, 746-755.

2T, AT, 2RI, AT EE SR - RIS R R 1E O
UM ABHR AR 72 [J]. BRSO A:, 2009, (4): 52-
54.

LiG M, Tie B Q, Li JF, e al
phosphorus loss character of typical agrotype and cultivation in
Hunan[ J]. Hunan Agricultural Sciences, 2009, (4): 52-54.
2R, BRI, S5a%, S TR RO BRI O i I PE A
SRR I (1], AR 24, 2007, 18(9) :

[36]

[33]

[34]
[37]

Study on nitrogen and

[35]

1982-1986.
Li Q, Chen L D, Qi X, et al. Catchment scale risk assessment
and critical source area identification of agricultural phosphorus
loss[ J]. Chinese Journal of Applied Ecology, 2007, 18(9) .
1982-1986.

B, skoRE, MHER, & BT GIS iR a K M A B
FATPMAR SRR )], PRS2, 2018,
26(12) . 1887-1897.

Kang Z M, Zhang R X, Ye Y Z, et al. GIS-based pollution risk
assessment of nitrogen and phosphorus loss in surface runoff in
farmlands in Fujian Province [ J ]. Chinese Journal of Eco-
Agriculture, 2018, 26(12) . 1887-1897.

SR, BRI, AR AR BRGORN AR R R G
SR PGINER )], ESS RN SRR, 2014, 30
(3) : 403-408.

Zhang L, Lu H M, Zou Y, et al. Method of identifying critical
source areas of non-point source phosphorus output in data
deficient small watersheds [ J]. Journal of Ecology and Rural
Environment, 2014, 30(3) . 403-408.

—
[ = | 1
I
(¢ |\ 1
/i 3
o
# i
- 1

L%



HUANJING KEXUE Vol.41  No.10

Environmental Science (monthly) Oct. 15, 2020

CONTENTS

Analysis of Pollution Characteristics and Primary, Secondary Contributions of Firework Burnings in Qingdao During the Spring Festival «+:«+sssssseesesemenenienisnennininenninnneenes

............................................................................................................................................................... FANG Tian-ge, YAO Xiao-hong, MENG He, et al. (4345)
Characterization and Source Apportionment of PM, 5 Based on the Online Observation in Tianjin XIAO Zhi-mei, XU Hong, LI Li-wei, et al. (4355)
Characteristics of Water-soluble Inorganic lons in PM, 5 in Beijing During 20172018 +++seseeeeeesessesesesennsennsinniinniiiens LI Huan, TANG Gui-gian, ZHANG Jun-ke, et al. (4364 )
Characteristics of Carbonaceous Species in PM, 5 in Southern Beijing ** DONG Gui-ming, TANG Gui-qian, ZHANG Jun-ke, et al. (4374)
Characteristics and Formation Mechanism of Three Haze Pollution Processes in Chengdu in Winter = +-«ssesvesrereesessesnenssenennennnns FENG Xiao-giong, CHEN Jun-hui, YIN Han-mei, et al. (4382)
Distribution Characteristics and Source of Black Carbon Aerosols in the Northern Suburbs of Nanjing ««+:++stsveoeseresssvsisneneneinienenns XIE Feng, LIN Yu-chi, SONG Wen-huai, et al. (4392)
Assessment of Emergency Emission Reduction Effect During the Heavy Air Pollution Episodes in Beijing, Tianjin, Hebei, and Its Surrounding Area(“2 +26” Cities) from October

10 December 2019 «+evsrrerrersernes et ZHU Yuan-yuan, GAO Yu-xiao, WANG Wei, et al. (4402)
Variational Trend and Characteristics of Air Pollution in Baoding City =~ «+resseseersereseserensenemenenensinisis s GOU Yin-yin, ZHANG Kai, LI Jin-juan, et al. (4413)
Emission Inventory of VOCs Components in Zhengzhou and Their Ozone Formation Potential =«+-++x+sseeeseesesesnenerisinenniniiniinininiene LU Xuan, ZHANG Rui-qin, HAN Luo-kai (4426)
Evolution and Evaluation of O3 and VOCs in Zhengzhou During the National Traditional Games of Ethnic Minorities Period  «+ereseeeeeeeees ZHAO Jin-shuai, YU Shi-jie, WANG Nan, et al. (4436)
Characteristics of Volatile Organic Compounds in Wood Coatings and Automotive Coatings in China =«+«+«+sessesserserssesenenseeniens KE Yun-ting, SUN Yu-hang, CHENG Hai-rong, et al. (4446)
Influence of Typical Desulfurization Process on Flue Gas Particulate Matter of Coal-fired Boilers »«+«eressesserseresenenenisincnenneninns ZHANG Jin-sheng, WU Jian-hui, LU Rui-he, et al. (4455)
Investigation on the Emission Difference of Air Pollutants from Common Residential Coal Stoves and Suggestions for Emission Reduction *+++* ZHANG Yi-chen, XUE Chen-li, LIU Jie, et al. (4462 )
Mobile Source Emission Inventory with High Spatiotemporal Resolution in Tianjin in 2017 + LIU Geng, SUN Shi-da, SUN Lu-na, et al. (4470)

Emission Inventory and Characteristics of Anthropogenic Air Pollution Sources Based on Second Pollution Source Census Data in Sichuan Province

..................................................................................................................................................................... XU Chen-xi, CHEN Jun-hui, LI Yuan, et al. (4482)
Preliminary Screening for the Urhan Forest Against Combined Air Pollution ««+-++stsseerersssesnesnesnssminnsnnssiiniiinnes e LI Pin, WEI Yan-yan, FENG Zhao-zhong ( 4495 )
Spatial Distribution and Pollution Characteristics of Heavy Metals in Plant Leaves in Baoji City ««seveeeereeveseersssssinsinsneninniie ZHANG Jun, LIANG Qing-fang, GAO Yu (4504)
Distribution Characteristics and Risk Assessment of PPCPs in Surface Water and Aquatic Organisms in Chaoshan Coastal Area along the South China Sea «+«+++sesserseeeesenenssnenicnennes

............................................................................................................................................................ XIU Cuo, WANG Chen-chen, LU Yong-long, et al. (4514)
Spatiotemporal Differentiation and Degradation Analysis of Polybrominated Diphenyl Ethers in Sediments of Shanmei Reservoir and Its Inflowing River, Quanzhou, China -wesveeeessesneseeeee
........................................................................................................................................................................... HAN Wen-liang, LIU Yu, FENG Kai-wen (4525)
Spatial-temporal Variations and the Regulators of Nitrate Status in Shallow Groundwater of the Typical Mountainous Agricultural Watershed in the Upper Reaches of the Yangtze River «+++-+
.................................................................................................................................................................. JIANG Nan, ZHOU Ming-hua, LI Hong, et al. (4539)
Emission Characteristics of Nitrogen and Phosphorus in a Typical Agricultural Small Watershed in Tuojiang River Bagin »«+eseseereereeereneens WANG Hong, XU Ya-ling, ZHANG Qi, et al. (4547)
Assessment of Potential Risk of Diffuse Pollution in Haihe River Basin Based Using DPeRS Model - -+ FENG Ai-ping, WANG Xue-lei, XU Yi, e al. (4555)
Impact of Spatial Heterogeneity of Precipitation on the Area Change in Critical Source Area of Non-point Sources Pollution GAO Xiao-xi, ZUO De-peng, MA Guang-wen, et al. (4564)
Sedimentary Diatom Records Reveal the Succession of Ecosystem in Lake Xihu, Dali over the Past 50 Years «+«+eseereesvevsereneneeenne ZHANG Chen-xue, XU Min, DONG Yi-fan, et al. (4572)
Content and Distribution of Cadmium in Soil and Fluvial Sediments in the Sea-Land Interaction Zone — «++ssessseererssrssemsnssninimnnsinins WANG Fang-ting, CHEN Zhi-hua, BAO Ke, et al. (4581)
Occurrence Characteristics and Quality Estimation of Microplastics in Drainage Ditches in Hetao Irrigation District of Inner Mongolia «+«+sesesseeresseresssnmnssnniniiniiniiisne

......................................................................................................................................................... WANG Zhi-chao, YANG Fan, YANG Wen-huan, et al. (4590)
Influence of Pervious/Impervious Pattern on Runoff and Pollution in Parcel-hased Catchment = «+x+essersessesesseneneimncneneinenens JIANG Zhi-hui, LIAO Yun-jie, XIE Wen-xia, et al. (4599)
Activating Efficiency of Iron-copper Bimetallic Organic Framework MIL-101(Fe,Cu) Toward H,0, for Degradation of Dyes +++x+s+seseseeees LIANG He, LIU Rui-ping, AN Xiao-giang, et al. (4607)
Synergistic Reaction Mechanism of Cu®@ Fe,0,, Activated PMS for Degradation of p-nitrophenol ~+++e+sevssevssesssissisnisiiiisiiisiiiis SHI Qing-qing, PU Sheng-yan, YANG Xi (4615)
Kinetics and Mechanism of Sucralose Degradation in Water Using UV-activaled Persulfate Process «+eseeseereeesssenensineneniinininiininenns YU Yun, LU Jin-xin, LU Zhen, et al. (4626)
Microbial Community Structure for Sewage Wastewater Treatment Plants in Winter «+oeeeseesesesssssssenniinninne SHANG Yue-fei, WANG Shen, ZONG Ni, et al. (4636)
Microbial Community Analysis of Different DN and PN-ANAMMOX Coupling Modes for Mature Landfill Leachate Treatment —++-++s+seeseeeeeee LU Ming-yu, LI Xiang, HUANG Yong, et al. (4644)
Analysis of Rapid Start-up and Mixed Nutritional Nitrogen Removal Performance of Complete Autotrophic Granular Sludge ++++++++++++++- QI Ze-kun, WANG Jian-fang, QIAN Fei-yue, et al. (4653)
Long-term Stability of Aerobic Granular Sludge Under Low Carbon to Nitrogen Ratio +++esveeeeeresseressnsisnnieninieinieiineen YUAN Qiang-jun, ZHANG Hong-xing, CHEN Fang-yuan (4661 )
Response of Bacterial and Fungal Communities to Chemical Fertilizer Reduction Combined with Organic Fertilizer and Straw in Fluvo-aquic Soil = +++* WU Xian, WANG Rui, HU He, et al. (4669 )
Characteristics of Soil Nutrients and Fungal Community Composition in Crop Rhizosphere Under Different Rotation Patterns =««+«+«+sesseseereesees SUN Qian, WU Hong-liang, CHEN Fu, et al. (4682)
Effects of Short-term Application of Moutai-flavor Vinasse Biochar on Nitrogen Availability and Bacterial Community Structure Diversity in Yellow Soil of Guizhou Provinge »«««+-++sessesseseeeees

............................................................................................................................................................ ZHANG Meng, LIU Yan-ling, WEI Quan-quan, et al. (4690)
Effects of Different Rotation Patterns of Oil-Rice on Methane and Nitrous Oxide Emissions in Rice Fields ««+oeesoseererernnerieeniienieenn CHEN You-de, ZHAO Yang, GAO Du-juan, et al. (4701)
Bacillus amyloliquefaciens Biofertilizer Mitigating Soil Ammonia Volatilization «+++:«+s+ssssssesssssssssssmsinisniniininnsee YANG Ya-hong, XUE Li-xia, SUN Bo, et al. (4711)
Effects of Exogenous Phosphorus on Rice Growth and Cadmium Accumulation and Transportation Under Cadmium Stress — «+eeseeseseesreeenens HUO Yang, QIU Yin-yan, ZHOU Hang, et al. (4719)
Key Stage of As Accumulation in Rice Under As Stress at Different Growth Stages +«+++vsseseeseesssserensiminenenninneens DENG Peng-hui, CAI Ya-gin, ZHOU Hang, et al. (4726)
Heavy Metal Contamination and Health Risk Assessment of Corn Grains from a Ph-Zn Mining Area «++veoveseeereeressinmeneninninnnen ZHOU Yan, WAN Jin-zhong, LI Qun, et al. (4733)
Polybrominated Diphenyl Ether in E-waste Dismantling Sites in Taizhou City, Zhejiang Province; Concentration, Distribution, and Migration Trend «««+s+sssseseessersensensierensieninncnenennes

..................................................................................................................................................................... WEI Bao-kai, LIU Chen, WANG Ying, et al. (4740)

Assessment and Source Analysis of Heavy Metal Pollution in Farmland Soils in Southern Youyang County, Chongqing + WANG Rui, DENG Hai, YAN Ming-shu, et al. (4749)
Ecological Risk Assessment of Tetracycline Antibiotics in Livestock Manure and Vegetable Soil of Chongqing —«+eeseereereeresemeresesienienenn PENG Qiu, WANG Wei-zhong, XU Wei-hong (4757)




	组合
	封面
	中文目录


