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Abstract: The Danjiangkou Reservoir is an important water source for the South-to-North Water Diversion Middle Route
Project. Exploring changes in the landscape pattern and nitrogen and phosphorus removal capabilities of the reservoir area
provides a scientific basis for future landscape planning and ecosystem function enhancement. Taking Danjiangkou City as

the research area, using the landscape pattern index and the InVEST model to study the landscape pattern and nitrogen and
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phosphorus removal capacity of the reservoir area from 2003 to 2018. Pearson correlation analysis and RDA analysis were
used to analyze the relationship between them and analyze the factors causing the change of nitrogen and phosphorus removal
capacity. The results show that in terms of patch types, the water area and woodland continue to increase, the area of
cropland and orangery land gradually decreases, and the area of urbanized land shows an overall growth trend. At the
landscape level, the landscape shape index continues to decrease, the contagion index and the aggregation index indicate an
overall increasing trend, the shape complexity decreases, the landscape agglomeration degree increases, the interspersion
and juxtaposition index increases by 5.58, and the Shannon diversity index has a smaller change. Each patch type tends to
be regular, showing a balanced trend distribution. In 2003, 2008, 2013 and 2018, the nitrogen and phosphorus removal
capacity continued to increase. The total output of TN was 899.224 t, 801.481 t, 776.979 t, and 672.149 t, respectively,
and the total output of TP was 77.308 t and 69.921 t, 68.163 t, 60.802 t, respectively. The water removal capacity of TN
and TP has increased by 25.3% and 21.4% respectively in 15 years. The classification of the importance of nitrogen and
phosphorus removal capacity shows that extremely important and highly important areas are mainly distributed in reservoir
areas, river banks and woodland areas. Pearson correlation analysis and RDA analysis show that the woodland area and the
output of nitrogen and phosphorus are significantly negatively correlated on the patch type, while the output of cropland
land, orangery land, and urbanized land is positively correlated with the output of nitrogen and phosphorus. At the
landscape level, there is a significantly positive correlation between the output of nitrogen and phosphorus and the landscape
shape index, and a significantly negative correlation between the interspersion and juxtaposition index, and the negative
correlation with the contagion index and the aggregation index. Therefore, plants that removing nitrogen and phosphorus can
be planted in areas with high nitrogen and phosphorus output in the reservoir area. A series of measures, such as adjusting
landscape structure, rationally planning land use, increasing forestland area, constructing riparian vegetation buffer zone to

fully slow down runoff, can fully guarantee the water quality safety of reservoir area.

Key Words: nitrogen and phosphorus removal ; InVEST model ; landscape pattern; Danjiangkou reservoir area
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Fig.1 Land use/cover map of Danjiangkou City
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Table 1 Output parameters of nitrogen and phosphorus

+ iR 2 BE(TN) fifii/ (kg hm™2 a™') B (TP) i far/ (kg hm™2 a™') AR %
Land use type Load_total nitrogen Load_total phosphorus Retention efficiency
s Woodland 7.3 0.5 80

JKI Water area 0 0 5

#HFHL Cropland 15.3 1.65 40

[l s Orangery 17.1 1.46 50

5 ML Urbanized land 11.5 0.75 5
AHHIH Barren land 0.05 0.05 10

2.2 AWM I T
InVEST B8 K e oAb e o B AR B - e e i A ik e i) 0 AR B AR v o8 FR R T5 S ) i ML
TR PR IR LR B4, TN TP iy H e e 2 W] Rl AL RE i, R a5k
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Table 2 Classification of importance of water purification in Danjiangkou City

TN 4t &/ (kg hm ™ a™") TP i &/ (kg hm™ a™') HEE AR
Output_total nitrogen Output_total phosphorus Importance level
<0.25 < 0.005 T
0.25—0.50 0.005—0.01 R
0.50—0.60 0.01—0.03 R
0.60—1.00 0.03—0.05 LR
>1.00 >0.05 — M

2.3 SOWAK TR

SOUS SRR B RE A R M E S R G S A AR B &R, T FEDEHIK P BEBR B K SF- FFOIUKF 3 4N &
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PR LAl TR ArcGIS il Fragstats 4.2 3445, WNBEHRSS AR 52 WK )2 OTF A 5T, e BCRAE AL SR T
TEAR N Z FEPEIN 255 8 A EA ARERTEFN 2 W B SOl F8 b5 (£ 3) o
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Table 3 The choice of landscape pattern index

# % Name 251 Category % X Meaning

% IS % i BN AY JE R ‘ N I BE RS AL IR AR Y %
gi%fiﬁm(CA) BEHAIR T é‘xﬁ%ﬁ%g/\ﬁﬁ?aﬁmﬁﬁ*,{EE/U(/J 5 W) B D 288 70 28 AR b ) ) e B
SEHHH L (PLAND) - S FEHAAD 8 S B0 1 40 ., R S 44
Percent of landscape - JLRBEERYE, JuE M R AR S S R RIE R HEERN R,
IR PEHAE %5 (LPT) BRI KT BB HY v f KB 7 A SO 1 43 L, g SR A0 4 B
Largest patch index TS B RN s ARk A2 NRTE SRS T AR,

R EAT ST

SOPAHRLLS) KT I S MR BRI, (T 01 S AR S

_andscape shape index

A Z HEE R840 (SHDI) BT TR I IR ) SEAE P S e, K55 08+ 4% BRE bl 2K A0 A 149 4657 3 A IR
Shannon’s diversity index o DU (B U8 B BRI R N 545 BP0 52 R 443 7
SHEE R (CONTAG) AT 15 A A (L0 S5 WL A SR S5 TR R ZE TR I, T R e 5
Contagion index 5 Z U SO AT 2R R ) B AR R AL R B

Ot 5 ) . MBS S 53 L (/1 BE e 15 A 0 B 4
Interspersion juxtaposition index = M2 5 AL R BE AR SR Y

IR AD BT ST AR 5 A SR BE S0 R

Aggregation index

2.4 BUREAC PS5 Hr

KRG AT 3K AF SPSS 24.0 Fl1 Canoco 5.0 3K, XFAS G B A TN TP fi ) & 5 50 0A% Jm 48 Bt 17
Pearson A3 M FITUAR 7347 ( Redundancy analysis, RDA) | %58 A B4 A6 RE 71 5 5OULAS Jmy O AH SCOC &, A
RDA JUR G HT RN & BTk oA/ 387 76 SO R T Zi i e 01 22 (e 28K 5

3 ER59MH

3.1 ST S RRRIE ARk
e A 28 A T W K ST 1T A S RS R T RIS, 45 SRR I (36 4) | PRV 10 T K del i AR A, 3
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Table 4 Patch type and landscape level landscape pattern index changes

Fem) VRS “F O Year
Type Landscape index 2003 2008 2013 2018
JKI, Water area CA 17101 20084 23188 27617
PLAND 5.49 6.45 7.44 8.86
LPI 26.58 32.41 31.02 38.76
HHts Woodland CA 127153 142091 151753 158413
PLAND 40.81 45.60 48.70 50.84
LPI 9.21 14.38 12.02 11.41
Bt Cropland CA 52277 42150 41694 36600
PLAND 16.78 13.53 13.38 11.75
LPI 11.92 24.47 29.66 28.94
BEl 31 Orangery CA 85409 78993 65765 56043
PLAND 27.41 25.35 21.11 17.99
LPI 26.77 23.83 22.30 18.16
A M Urbanized land CA 19400 17506 18448 21953
PLAND 6.23 5.62 5.92 7.04
LPI 16.63 13.53 17.12 18.18
FFFHHL Barren land CA 10240 10748 10742 10956
PLAND 3.28 3.45 3.45 3.52
LPI 7.12 8.07 6.18 8.98
FM K- Landscape levels LSI 186.85 179.33 170.78 144.47
CONTAG 47.50 50.63 49.98 50.71
11 72.30 73.39 74.35 77.88
SHDI 1.40 1.39 1.33 1.36
Al 85.53 89.24 86.78 88.84

FOWAKF I ,2003—2018 4F ST AR BN Wil /b, &5 90 B 48 H50RN 3R 4 B 48 B0 (R B 3 KO 3 Ui B
DR 55 A [ T AR 78 R0 0] PRI 22 ) 2 R 3 SR Al /N, TR PR A 20 it P A, BEBR S AU TR A T R e 1) 4 1, 000
BRI, 2 W A m S b ORI ES s B ST 5148 808 T 5.58, T A R U iR 4K
N U A BERSS A TR R A A, SRR KRR K B RARE AR AR ORI AR 2 S I i A
T H S, A 2 2600 & R LA S NN 8y, #1550 Jm i 45 4k
3.2 ABRALAE S s AR 5 S ) oy

FIH InVEST B8R B AL B8 1 TR REAIFSY, Horh TN TP %t i b R A L e Sk 2% . 45 SRk
(5.8 2) TN TP Aoy 1 FR A H H B ROfELE HY BAE 2013 4E 730 %10 1.625 kg hm™ a™' 1 0.129 kg hm ™2 a™*,
Sl A3 SN 776,979t ,68.1631; (HEL A | F20034ETN TP #i H  f 15 20 91 M899.224+1 77.308 , iy i
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%5 TN.TPHHE
Table 5 TN and TP output

4y TN % i B/t TP it i/t A TN % i 5/t TP i i 5/t
Year Output_TN Output_TP Year Output_TN Output_TP
2003 899.224 77.308 2013 776.979 68.163
2008 801.481 69.921 2018 672.139 60.802

I RABE 514 1.559 kg hm™ a™' 1 0.124 kg hm™ a™' ;2008 4E TN TP {40 H 5 - 04 AR, it 2 00 d KA 43
14 1.583 kg hm™ a™' F1 0.125 kg hm™ a™" ;2018 4F TN TP At H B f A%, BBk 672.139 +.60.802 t, Hi i
FAES 54 1.588 kg hm™ a™' 1 0.126 kg hm ™2 a™',

MBS [E] 7 ,2003—2018 4FFHT T TN TP i i i 52 9 /0 i 4, % WA i id AL B8 71 38 i3 o, 15 4R 1]
TN BEL IR 553858 T 25.3% , TP AEHLIR 5538558 T 21.4% ;25 18] &, TN TP i H i 0 b [X 440 25 A5 7 St 3
SEIRI 3 A B AR X, PR iR AR AR VR R AR Pl ok 3, 4 25 AR AT i) 4 2 20 Bl 1) 2R U
AR 534 DX HE B 7K R DRI I 7K 2 AL By 7 ROMR b TET AR, 3 — 2D 1 i X K T Ak e

L 2018 4 TN TP AR 45 5 M ), HEAT A B AL e ) S S oy 25 e S G (| 3) , 8k b
FBFHLIT 2018 4 AU /K B4 b H 2 G50 SEASARRL, R0 2 B ie 1 om IR B X | (R B E 2 X
TSI IX AT A DX S5 5 A BE A 55, — M X R A IR A AR AR P 4

TNEZE M X TPEEM:) X

R EEX o REEX REEX . REEX
R EEEX . REEX FEREX . REEX
O EERRKX o P EEEX

3 EBNELBENEENER

Fig.3 Importance level of nitrogen and phosphorus removal capacity

£ LA AT R RE T7 15 SFOULMS JR R i R IS REA G , Bl I 23 R AR P A 15 AR fiE
AN g A s DX A PP M X S DI 7 o PR AT, X e 0y 0 R AR A s, EL AR s R
e Pel AT A 24 R e IS I Rt i 4 T e 3 88 DSl B A A e T A, N AR AR 3l 14 m - B0
G HERE S | T B0 A RE 7050 5 v A RE T i, B i g R DX R B A A R X AL P R b 45
XK
3.3 UM RS RREELRE T B SC R

1T InVEST BERLK i oAt 32 28 55 bty A M | el st R B2 HT AT ¢, AT Pearson AHSE 70 B 45 24 UL
% 6, (EPEHIT K b ARt 2R i AR5 S0l g ) e 49 5 S 25 G0 G, R MRl vl A R R B A K
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26 s A el M B B A T T BRI SRE B A R e 24945 e ) L R AR OGS AR, e WAl A ™ R MK S F) B 22 )
R, BEHE A T A8 15 QIR A AR e, Ao e S R ) i R BREBR A B Ui ) e G O, R
bt B A IR B BB HE IS U AL BE ) BB TR — i O e RV Uiy i 5 i P AR | B P A A
JEARSG , DR H A A 5 % Hh U P e A 1 -t 52 e K B2 AR BRI R

TEFWUK b Rk R SO ARG ECR B3 IEAHSC, U] TN (TP L BE 1) 5 3 WU IR 0 2 0 A
K G REVESR B b AR BE TEAHOC ; Uiy Hh e A5OSR A 15 20 BIRE I i 5 A v 2 A P 8 K SRAE R 4R
KRGO, M 55 5 91 48 B B S 25 DR SG R W B 3 45 288 S UL Ay 328 e M 5 SRR PR Y T vy Rl v fL
ki

F6 BREBREVKESUERES TN TP X R
Table 6 The relationship between patch type and landscape horizontal landscape pattern and TN and TP

LS U= LI Fe R
index index
Mt Woodland CA -0.962* -0.966 * U 4 CA 0.581 0.562
PLAND -0.962 -0.966* || Urbanized land PLAND 0.577 0.558
LPI -0.354 -0.373 LPI 0.407 0.392
#rith Cropland CA 0.967 * 0.973* || FUAKF LSI 0.958 " 0.951"
PLAND 0.967 * 0.972* || Landscape levels SHDI 0.550 0.559
LPI -0.858 -0.869 CONTAG -0.836 -0.847
Bel 1 Orangery CA 0.949 0.948 1 -0.961" -0.954 "
PLAND 0.950 0.948 Al -0.700 -0.707
LPI 0.995 ** 0.993 **

5 FIRAE 0.01 A (XUR) FHRHME R, * FARTE 0.05 /K- (XUB) #HCHE B 3

TE SN Js 5 BB RE JT A OCHE M A L b 383 Canoco 5.0 ARFFEAT i REAL 5 AT 1) 45, HEFF
B FFAEAEL2 50 0.843 H10.109 , HEFP Al AAR 47 b Sz 57 0055 Ui A =2 ) ) 5 2R BT 4 3 ) Ui 1) o
SRR T | i AR R A 5 8 R SRR R R TR O S e b B M SRR
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