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The influence of sloping landscape features on riverine water quality in upper

Yangtze River
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1 School of geography and tourism, Chongging Normal University, Chongging 401331, China
2 The Key Laboratory of GIS Application Research, Chongqing Normal University, Chongqing 401331, China

Abstract; Landscape compositions and patterns determine the sources of pollutants and the potential in interception and
absorption of the surface landscape. Meanwhile, the surface slope will aggravate soil erosion. Therefore, the sloping
landscape characteristics are important factors affecting riverine water quality. Based on the water quality monitoring data of
the Chongqing section of the upper Yangtze River in 2015 and land use data with a spatial resolution of 30 m, this study
firstly extracted landscape patterns and compositions at six scales: 100, 200, 300, 500 and 1000 m river buffers and sub-
watershed. We further classified the landscape compositions into three different slope scales (i.e., total land class, gently
sloping land class and steep sloping land class). Furthermore, correlation analysis and redundancy analysis ( RDA) were

used to quantitatively explore the multiple spatial and temporal impacts of sloping landscape features. The results showed
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that; (1) the influence of sloping landscape features on riverine water quality exhibited a spatial scale effect. The influence
was stronger at the riparian scale than the sub-basin scale with the conditions of key scale ranging from 100 m to 300 m in
the riparian zone, and the most effective scale of 200 m riparian. (2) The seasonal differences in riverine water quality
affected by sloping landscape features varied with the spatial scale. The flood season was stronger at the 100 m to 300 m
riparian scales than the non-flood season, and the opposite in the 1000 m riparian scale, whilst, there was no seasonal
difference at the sub-basin scale. (3) The ratio of construction was positively correlated with dissolved oxygen (DO),
permanganate ( COD,, ) parameters, and the percentage of cultivated field was positively correlated with ammonia nitrogen
(NH;-N), both of which were “source landscapes” of water quality pollution. The explanation rate of sloping cultivated
land on water quality was higher than that of total land type cultivated land. Forest was negatively correlated with water
quality parameters, which had a positive effect on mitigating water quality deterioration. (4) The patch cohesion index
(COHESION) and aggregation index ( AI) were positively correlated with NH;-N, while patch density (PD) and edge
density (ED) indicators were also positively correlated with DO and COD,, . In summary, strengthening sewage treatment
technologies for urban, planting protective forests in the riparian zone, adopting cross-slope farming and optimizing the
landscape structure can enhance the absorption of pollutants and effectively prevent the concentrated output of pollutants
within the watershed (especially within 300 m riparian zones) , which is of great significance to the prevention and control

of water pollution in rivers.

Key Words: water quality; sloping landscape features; multiple spatial and temporal scales; redundancy analysis; the

upper reaches of the Yangize River
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Fig.1 Overview map of the study area and spatial distribution of water quality monitoring stations
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Fig.2 Statistical map of sloping landscape structure at multiple spatial scales
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Table 1 Descriptive statistical of landscape pattern in multi-spatial scale( Mean+SD)

23 (B RUEE T 100 m [ FA 200 m TR 300 m A 500 m VA 1000 m T
Spatial scale 100 m buffer 200 m buffer 300 m buffer 500 m buffer 1000 m buffer Sub-watershed
PD/(4~/hm?) 41.88+14.18 42.94+14.51 43.72£14.57 44.43£15.09 45.34£15.10 42.72+12.14
ED/(m/hm?) 101.29+29.35 116.61£27.02 124.70£26.26 133.97+25.60 143.36+23.75 141.82+18.43
LPL/% 56.05+17.62 43.92+15.82 36.19+14.15 27.03+11.54 21.07+7.69 29.48+11.04
LSI 15.69+3.50 18.62+3.59 21.03+3.90 25.00+4.58 32.33+5.59 74.41£20.88
CONTAG/% 59.45+ 8.65 53.96+3.59 52.51+5.14 51.25+4.46 51.46+4.76 56.91+5.70
COHESION/ % 97.30+0.84 96.80+0.87 96.72+0.78 96.78+0.87 97.43+0.93 99.22+0.31
ALV/% 86.61+4.41 83.26%3.85 82.53+3.64 81.67+3.48 80.75+3.15 81.15+2.43
SHDI 1.100.21 1.26 £0.15 1.3320.12 1.3620.11 1.3420.12 1.160.18
SHEI 0.56+0.11 0.640.07 0.66+0.05 0.67+0.05 0.66+0.06 0.57+0.08

PD . BEHLZE B Patch density; ED: i1 2% % Edge density; LPT; it KBEEFE 4L Largest patch index; LSI; 5 MIEARFEEL Landscape shape index;
CONTAG . &5 ZE 3 Contagion index ; COHESION ; IE4EJF Patch cohesion index; Al BAR Aggregation index ; SHDI; Shannon ZREMEFE 20 Shannon' s

diversity index ; SHEI; Shannon ¥J5] 4844 Shannon’s evenness index

2.2 THILK BB A A SR AT

KRB HINZEN Z R GBI 2 s, 58S IR R AKIREE AR ) dEA 7 AP (181 3) . 7K
Fi4Ehr pH . DO .COD,, A I F 123 2257 (P<0.05) (% 2) , MK F pH {HAE 7.40—8.39 Z A28k, AR I
4 7.83 , TRIIME N 7.79, DO SHEEENTER A 7.02—10.13 mg/L, HAAE 7E I (8.04 mg/L) K T-AR I
(8.87 mg/L) , B [a] LRI 5 25 25 5 (P<0.01) , =5[] Lt AR ) I 3 25 55 (P<0.05) (% 2) . DO FRFRMETE
IR 2556 T 20K bR, AR 2056 T 20K AR, 0 A8 & K FibrifE . NH;-N ik B2 i 7
0.13—0.57 mg/L Z B4 (£ 2) ,NH;-N $84 555 T 2K BARAER 5 Ho i TG 1 20K BibriEr &t , HAE
i 5 1L (R ILABE W ) A5 T 2K Babm il i o HeAE K, CODy,, FIAE I B 2 1.33—2.85 mg/L, HVK FE
B BT 250 (P<0.01) , TIHII{E (2.21 mg/L) & TARRMHIME (1.73 mg/L) (£ 2) , K FEAETER
HIOE TR, JEWURT, COD, F8454F A T FOKBARHER &5 L& TAF & T 28K AR ik 1 o L ; TREIRS, COD,,,
W B E TS, CODy, FRFRAFA T KRR IERY 7 HeAT B i, FLZE 23l 00T 1 2K bt i e
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Table 2 Seasonal table of water quality parameters( Mean+SD)

:ijin zf‘: pH DO/ (mg/L) NH-N/(mg/L) CODy,,/(mg/L)
R 1 8.05+0.26f 9.21+1.21be 0.16+0.04 1.62+0.52¢d
Non-flood season 2 7.93+£0.30de 9.50+0.83cd 0.17£0.06 2.28+0.45f
3 7.70£0.70b 8.75+0.62abc 0.15+0.03 1.78+0.35de
4 7.48+0.03a 8.8320.59%abc 0.18+0.06 1.39+0.19ab
5 8.03x0.12¢f 10.131.48d 0.1420.03 1.84£0.36e
6 8.060.26f 8.7420.84abc 0.15+0.03 1.75+0.28cde
7 7.8120.17he 9.28+1.42bed 0.160.04 2.35+0.27f
8 7.72+0.32b 8.54=1.58ab 0.15+0.06 1.57£0.27hc
9 8.13+0.18f 8.60=1.02ab 0.26+0.07 1.82+0.40e
10 7.84+0.06cd 8.6420.50abc 0.14+0.06 1.56+0.26bc
11 7.93+0.25de 8.0121.19a 0.48+0.06 1.33£0.38a
12 8.1420.13f 9.04+0.45bc 0.21+0.06 1.74£0.34cde
¥iE 7.83+0.77" 8.87+1.41** 0.20+0.11 1.73+0.48 **
pii®:4] 1 7.56+0.24h 7.90+0.85hc 0.13+0.04 1.65+0.72a
Flood season 2 7.92+0.22ef 10.08+1.22¢ 0.14+£0.04 2.74£0.81cd
3 7.61+0.09bc 7.61£0.67ab 0.18+0.04 2.46+0.69cd
4 7.40+0.05a 7.89+0.49bc 0.16+0.04 1.97£0.50ab
5 7.97+0.80f 7.70+0.50ab 0.140.05 2.85+0.96d
6 8.39+0.14h 8.8420.52d 0.19+0.05 2.56+0.52¢cd
7 7.63+0.08bc 8.4720.94¢d 0.19+0.05 2.61£0.52¢cd
8 7.81+0.26de 7.55+1.19ab 0.14+0.03 1.71£0.87a
9 8.12+0.21g 8.0320.47bc 0.22+0.04 2.36+0.65bc
10 7.74+0.06cd 7.72+0.49ab 0.17+0.08 1.54£0.62a
11 7.50+0.54ab 7.02+0.67a 0.57+0.10 1.53+0.58a
12 7.86+0.18def 7.64+0.52ab 0.28+0.05 2.52+0.65¢cd
¥l 7.79+0.35 8.04+1.06** 0.21+0.13 2.21+0.83 "

DO . %5 f# % Dissolved oxygen; NH}-N ;2% ammonia nitrogen; CODy;, : =4 BR £ 5 4L Permanganate index ; 5—FI AR [ /NE FR:F R [0 — /K 48
FRTEAS ) M U 52 I AFAE P<0.05 7P 1) 8 25 26 55 | DASRAE K 5T 5 0028 [ 22 S 5 AR VRS TR I B J5 — A7+ 3ROR P<0.05 KT 11 1 35 25 7
4 F7R P<0.01 KV I 35 2 55, LARAEK BT S0 245 22 57 1

2.3 Bl SOULRRAE XA K 5 ) 22 128 RUBE R M)

LAt A5 RUBE TR 34 b S5 AR AE X A5 B TUAY AT 45 SR AN 26 3 T 39 b S5 LA 1 b 7K I 48 A 1) i R =
63.21% , 3% B 35 iy SOULRRAE XT3 1) 7K B pE 45 HL A B BE 5 3 b S5 URARR AU o 7K 5 1 5 i LA 23 ) RUBE 8%
TN, 35 S AR U o 7K 5 P 52 M e ot 4 1] R 38 R S B 38 5 i 559 (38 3) o TR HF 100 m %8 300 m U R 3k
HbSFOULARFAE X6 7K T 1 L i B 3645 > 909% (38 3) , BRI 277 100 m 22 300 m 15 Bl P 1) 334 by S5 UL ARR A 2 5% 1 Yol 37
KT S RUEE , H A DUYAT R A 200 m RUBE R 338 b 55 XA A X6 70 S5 940 i At R e s (A1 TRUNE £ 99.639% 5 TR
99.87% ) (& 3) , ULFHMFFT X 0] 247 200 m U J2 5% Wil o] 378 7K 0 1) e A 38802 Ta) RUBE 2 ) RUBE 8 b ¥l = 7
300 m Ji5 , BT X 39 b LA I Xof 7K I 2 i R ot T 8 448 K B 3 R R (35 3) , Y R MUTT R A 300 m 3 K
3500 m I, SRR E A B AR Y 84.99% FITRIIN 9 87.35% , Bl R T FEIR AR L 10% 5 24 R
TIFEAT 500 m BE R ZE 1000 m B, B BRI R 77.63% , R FEIRIE N 7.36% ; (7RI N 72.74% | T [
WELE K7 14.61% 5 2425 1] RUOBE E— 25108 K 28 i 3ok B2 I, figp R 20/ 28 | E RIS 19 63.21% , TRIBTER A 63.
22% , FREIRBEERT 9.52%, JstMEHMES KX REARTES AR EF AR E(R3), HRXIE
b5 U E X6 7K S5 14 5 0 AR BE R VAT A 100 m % 500 m NBE R SAFU SR THETU , 7845 25 SR T 2.36%;
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FEWT A 1000 m RUEE R MR ISR TV, 295 22 530 4.89% ; 76 TS T EH B 1 25, wi—ik
o SOAFAEFE R T, ARSI RN S ORAS Jmy 48 B /K B S 40 Dk e de i (32 3) o FETRE AT 100 m AT
BN, SRR 7K A B AR BTk R B K, ZE TR AT 100 m RUE R KT 23% , 78 F i URUE N KT 46%,
FE A S YR b A B RT3 R 3T (3RT R HE 100 me ROBE RN F-Udu RS ep | Wh K RS I B R ) SE SR AR . TR R AT
GEh X R BRI AN XK B2 A i K 5oU48 452 24 PD (ED ,COHESION F1 Al So0lA% JmH8hR (£ 3) ,
Ul BRI s G2 1 DX ORUBE , S5 LA Ry b Xof 7K S5 )5 Wi 8 B s Bk 22 Bk b A 1 LA 5 I S AR A

R3 HBETEBBREEKRZUESIEHTRINER

Table 3 Redundancy analysis results of percentage change in total water quality explained by explanatory variables

e 251 R /m ff# FER Explanation rate/% _ , z%?z;i ( ﬁ@(i)
Season Spatial scale jﬁsll Aiﬂj:z Eﬁfi seudo (Zf)’nji‘i L‘l’:lym“;;d) s
] TR 100 71.29 20.31 93.76 5.6 0.018 G_AGRL (23), PD (22.7)
Non-flood season AR 200 76.19 21.40 99.63 7.7 0.01 PD (29.8), ED (24.9)
A 300 73.05 21.39 96.28 3.9 0.024 ED (29), PD (16.1)
] AT 500 61.92 21.51 84.99 3.8 0.042  ED (32.2), G_AGRL (11.9)
R 1000 55.05 21.04 77.63 3.5 0.07 ED (33.2), FRST (15.5)
F B 51.06 10.44 63.21 3.7 0.052  G_AGRL (42.9), AGRL (29.6)
W AT 100 61.78 30.53 95.10 4.3 0.048 G_AGRL (25.5), PD (19.9)
Flood season [ FEAF 200 65.64 30.53 99.87 4.3 0.05 Al (17.7), PD (17.4)
AR 300 64.95 28.81 97.52 9.6 0.014  PD (28.9), COHESION (20.8)
AT 500 59.16 24.53 87.35 2.9 0.046 COHESION (25.7), AGRL (16.1)
TR 1000 47.97 21.08 7274 2.7 0.072  G_AGRL (29.5), ED (17.9)
T 50.86 8.80 63.22 4.2 0.026 G_AGRL (46.9), G_PAST (14.7)

BE—AT G — SRR Bt (DTRRER) Sy 2% RUBE TR X 7 /A J5 8 1A% BT iR JBE 45 F) 0T 11 ik o 1 o 8 s b G BTRR 26 ; G _AGRL: 2 3 #k b
Gentle slope agriculture; AGRL; S5 8k Agriculture ; FRST : S I H Forest; G_PAST : ZE3 B Hli Gentle slope pasture

22 23 RUBETT 33 b s WURRIE X 7K BT B8 T AR 3 A 285 SR HE 7 (ST AN 51 4 Fo . ZE/K BTS2 480h  NH; -N Fi COD,,
SR BT pH M DO S50 (K 4) , BABAHHE DO il pH 15, NH;-N H1 COD,,, S %0 i Sz WLy Hh 5
WX K MR DL . KBRS 2 KA AR F I U B A T2 o IR, 536 3 S5 RARAT , 2 m i b 3¢
SRARFAE X 7K S5 23 50 5 M R B 7 T ISl R BE AR T2 o XU, ARV, 215 1 55 DO COD,, B0k i 3
TEAH G TRADIET , E i B AE BRI 247 500 m 2 R 5 DO ,COD,, S8 2 IEAH G AH G B bifi R
BTG58 (81 4) . COD,, ZHCH F LA oK AR A M5 Yy, 3¢ BH g 152 b 1) 1o AR o HBRA 1 9 i 7K 4%
kA NS R L R S COD,, S8 G RR BE 7R IR TR B i . B 2Bk 5 NH-N 248
SIEADC, B S NH-N SHOEAEDC, 5 COD,,, . pH SECE I Ry RO L IEAIOC (B 4) , 2 3eH B
T 5 NH;-N 24,5 COD,,, .pH SEU AL ELA A | BTGB b X T 3 7K S5 1) 52 ) b 2Bk b 5 oy 52
Z . MRHLS K S EE R R O BRI AE S AN ROBE I R K B AR — B, 78 T I R I 2R 1 BH (B A0 S
(L 4) , BLIPMR A AE TR R RUBE T K 5T A ) G A FH 8 T i Sl R, 3 T TmT R 5 B 4 MO 28 il K
PRI R . G2 B R BE B R b 55 NH-N S 5CR FUAHDE, 5 DO AT COD, SEUWOC R 32 ZE 150 0 22 745
K(E4), B DO M CODy, SEAEAE TR IE A E , FE TR A ASAH SC S 55 1) 7R G ; Bk e e i 5
DO il COD,,, ZEAE AR TR A DG B A58 A TE AR DG 7ETRUNI A 35 AR OC . COHESION AL ZHGRAE 5oL %
PERRAETE | 5 NH]-N SHUEMC, PD ED BB FLEE , 5 DO COD,, Z7E JE IUY) 2 IE A5G, 18
TR S AN DG B ff 55 A9 TE A DG
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3 e
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w

Fith 5 NH:-N S802 AR, @8 HHL 5 COD,, DO F8H52 IEAHIE (& 4) |, #FHi R 35 F 2 5 e Tl 37k
() BRI, < IR

W, BEHBERN S S 2 | LR il XU 58, S e it | N AR 25 55 75 Y ) o
FEVAIYI S B b AR 0 b i VR 2 T K A5 2 AT, SO KA B E IR A KT Gt
B X 7R AR PR SRR T B 2 b, TR 457 A = R DX RN VRS BT S b o T RS e Y
DR DA AT e T o TR L v R TS e A R S, IH PR T A URHRRAE , AR e EE AR A

10 IR 245100 m 10 | A 200 m
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B ¥ 2%
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Fig.4

Sequence diagram of redundancy analysis results of sloping landscape features and water quality

AGRL: B2 H L Agriculture; G_AGRL: ZE 3 #i L Gentle slope agriculture; URBN; i Hi2R # % Fi M Urban; G_PAST: ZE3{ %l Gentle slope

Patch cohesion index; Al; A Aggregation index

pasture,S_PAST ; BEJS B HlL Steep slope pasture; FRST : Mt Forest; PD; BEHSEFE Patch density ; ED : iIZ % & Edge density ; COHESION ; 34 &

Mo B Bl AR IR S st B2 By kAR A R T R R AR ke, e K R R R (8 3 3R T B W SO A S AT
W LAENIY 2 EHARTT S R SO AE 57K BT e bR 0 DC R O B0A 7E I B At Bk — 2D T 45
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I SRR X 7K BT 5 M (14 28 [B) RUBE AR AR SCR I A b2 T 2 100 me RUBE R X 7K BT 240 o1 ik % A
KEYFERR (2 3) S 100 m 36 FE Yo 8 T K A Sk IR 28, 22t 55 Wang %61 AU o3 fife e 1
T R R R YT it R R BE A2 = ke J3 [X KL [R1 K 52 00, /K T TR LA 32 A s < & T R, B 23] s N
“THTEAT R, BRI, R I E A eI R VB G BRI K T T ST R R T
KT ) s RS Y iR, BRI T L e s i X, 3Bkt 1 o B G, IR P 3 O s
il R A AR, O R S b 25 8 A5 AR W RS G I K R AR B kK RRRNY ) B
COD,, ZHCEIEA " A5 R A AR 10 A T AR A 4 X, LA Tl s A5 e 30 A A T IR Y5 e 26
Z R 2 AN K E AR A TEHES BT TS e R AR HE R, Ao I R T A K T Y S e R X —
S5 E AR A A BE S T XTI A MRS e TR ERER T s R Al S R AR 1 A RS KA, R
PR 2 A R T A 08, o VTR S e A IR R ML DO SR IE MG, SRS S B ST 4G
R MRS IR KB S DO SR RMEZTT LA ARk, X KR DO il
ZEVKRY B Ab2F AR A UiE shag w0 WS X 5 K R b SR O, BIVRR X 2% A K I Ak
AR, I R, X5 BRI B 2 L — B0, MOt BE R R AR RO
THANTS YY) T DA T TS e A Y B NH-N S 2R O R, LR K
TR A () B BB DS/ MR T 9 NH-N & i, ASCH RS DO COD,, 2800 ¢ R B R AR 4k, 78 I i
5 DO H1 COD,,, ZEUAARK , BBA B K 5 44 HZEIE AT 5 DO F1 COD,, SR IEARDC , FEHIXS /K B XF
o7 RAFAE SV, A FREA ST, BED B DY FRa %™ pha g A B RE A SO 22K 15 YL, M
WA 250 S B 1l v R 3 0 £ S BUK BUEAL , de Mello 2527 IR kg 55 X 7K AR 45 B A 520
3.2 FEXAE SR NHIAT I A 5 R R

PD Fl ED $845# F TR AEFOW AR IR R B A% B, 5 DO COD,, ZEAE AR U 2 1EAH G, AU
ASAH B A IE AR O, BER A S R 26 BEB 22 0] A 4 R RE RE i 3, 3 B9 PDED B IR A X8k P s A
TG B, BEHRZS (8] 40 A0 8 T BB, UK OB AL RS A K i &7 260 o D S UL R 8, A
7 SO D) B S NS, X 4R 3 < PR B 4TS Y A AR BA BE ) T B, K IO AR KU 3G i, AR SC
H, COHESION F1 AT $5F5445 NH;-N 2405 IEAHSE , COHESION 1 AT 547 52 e [X I35, Ay B B (1) 49y B 32 3 1 A
RAEFERE , M S W S A B 22 IR A AL 3% B RE 11 . L, WP 5T IX BB B SR 4 oA, K IR Y
W Ah AR (HAA B ST SO SR AR | /K 52 A JS T Bl ) 5 M R B o gl /N 1 R S A Y Sk
AFZE IR R AT TR, IR SOULBESB S R AR V5 Y ) o B 75 o 4 v A 7 RHETIRC , % 7K JB Ay v
A FH SRR 5 17V SRS ER A AE | vef b SR AR A0 1 15 Yo L () B ) b . 5 X BRI R )
AR, i e RO TR b e K ORI 2R (1R 2) |, 3% 40 A7 (A8 b o 25 1005 e W 4 b 7= A R
i, TS AT FIl COHESION 5% & e 3 52 TEAH G
3.3 Bl SRR X AR B s 22 FER IR

WF ST 25 B, 33 b S WLARR R XS 7 ST ) 55 i A P85 0] ol % o DX K-k, i 2 ) RUBE 34 K Je 1 5 s
U (2 3) 5 Ho AT 100 m 28 300 m A3 i SEOULES WAl RT 30 K 5 ) S A s TA) RUBE , I LATRT R 7 200 m RUEE
RS AT R R, A WFFEIA R, AT TR T RO TR A A R FE 5 2 e T R K
JR O T AR (A S A R T B R Sy I SR AR G K T 5T X R S B A%, TS Y R A
% 2 YT I ) A A g A T e WA R e, R T A B g 4 R R W TR B 0—0.3 km I
T DAY ) =t ) RGP 5 M R e K, 7K 5 e B I R SR RUBE . Dad 251 A ST [RI R IA A = bR R 26 780
XF AT 7K BT RE MR 7E 28 W X 200 m RUBE 3K B AF, PR A 22 DX 3 1 2 35 A 7= 15 K AR RE A 2 2605 e W A f
273 11| RTTI R B ot o A v 1 = 9% I Y TR NP o N i r WY R S @ L A | Y =R/ R
YW RE IR AR BRI K TR e S AR Y

e Hb S UOCHAT A AT () e e HLAT 21 22 55, EL 2R 25 S A S 00 i) 23 () RUBE & A= 284k T 100 m
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2500 m JUEE I URAAR X0 7 S5 ) 52 i A P AR YR58 AR TR, 2215 253 I0T 2.36% 5 79 2717 1000 m
JURER AR TR, 219 22530 4.89% . WHFE XIS  TIUIRE R 22, /K i e, A i 15 4
WIS T (5 BT 3L, (5755 Y U5 b X K T A Y B — 25 s (R 508 5 7K T
SRR AT R4 1000 m JUEE R A ARTRI o TN, 0 7E 58 R RA TR 25 57, XM I s Lo
THTIAE 7K S 182 22 S R i 2 1) ROBE AR AR S DR i AN T 2, BAR B8 A 07 sCRIILAR A TR AR SRR A B

4 %t

(1) B X 2015 AL - i 5 PR BEIT Ui 7K J5T Y Wi 7 AT 25 18] RUBERIONE - AR5 DX b 35 -5 7K JB 14
SRHRFEREAEDE v DR S T I S T /717 100 m 28 300 m RUEE TR 3 b 5OWLGS 7K 5T 2 880 1Y) S i B K
T 9090 , 23 Hby 57 VLS e AT K B Y S BEE RUBE , HErh LIYAT 7 200 m RUBE T SRR3R B R, s Wl i 7K B 1)
RA L,

(2) BeH s WLxF 2015 AR VT Jir 5 PR BERT /K 50 A0 R R HAT Z 4 28 5, L2 1 25 S UL RUBE 4 A 78
o b SR AE X T 3 7K T ) S M AR P AT J2 707 100 m 22 500 m RUBE R D9 TR st T 7R ; 72324 1000
m JUBET AR B, 33 s W0 7 S5 ) B g B - AR AR TN LU TR 8 4.89% 5 70 7 IR T = 1 22 57

(3) B AN B M5 G4 2015 AT b e i DRBGIT it /K S A9 < P50 0L” , R X b ot L 45 NHG-N 2
RO IEARSS B LS COD,, (DO 5 b5 1 TEAH &, e b G2 0 X A5 (9 B AR BTRR SRR T 5 a2
Mo, MRS K SRR TS SR A R K 5 Jem I . ol S NHE-N S 7HSE, 5 DO CoD,,
SR R AR BETETT R AR

(4) BREEYH AL %] 2015 4FRVT Y H DR BT It /K I3t ) R R BT R A 550 g 1) S B A 249y S5 WA Jra 1
pRo COHESION Al #8455 NH-N 24U IEA S PD (ED #8455 DO COD,, Z K 5 R 7E R U 2 1E A
R FETIY S AR O ey (R TE ALK

FFEIE AL T AT AN [ I 2 RUBE R Sl SOULRR AR S5 {0 K BRI DG 28 Wl 1 /K75 G BT ) O I 2 RUBE

SOWRAE o AR B SOULARIE /K BT SCIE  r Hith b 5653075 18 1 I3 B8 0 52y, 45 R SE W 5 1L b o
B2 XA ELSIARDL , AT A 13 o X B K B R AP e 225
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