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Spatio-temporal evolution trend of multi-scale landscape ecological risk in Miyun
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Abstract: As an important surface drinking water source and water resource strategic reserve base in Beijing, Miyun
Reservoir has attracted wide attention. Most of the relevant researches are based on watershed scale, and there is a lack of
multi-scale ecological risk assessment for water resource protection areas. The multi-scale ecological risk assessment is
conducive to guiding the high-quality and sustainable development of Miyun Reservoir watershed. In this study, the land use
data in 1990, 2000, 2010 and 2018 were used, based on the landscape index, using geostatistical method, we analyzed the
watershed land use type change, we constructed an ecological risk assessment model from the scale of the basin and water
source protection area to reveal the temporal and spatial changes of ecological risk. The results showed that; (1) the main

land use types in the basin were forestland and grassland. With the urban expansion and the implementation of “returning
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farmland to forest” policy, the area of cultivated land and unused land decreased, and the area of construction land
increased. The landscape of the basin became more complex and scattered, and the degree of fragmentation intensified. (2)
Ecological risk areas showed a distribution pattern of high in the edge and low in the middle at the basin scale, and the area
of high-risk areas gradually shifted to low-risk areas. The high-risk areas were concentrated in Miyun District, Xinglong
County and Chicheng County in the south of the basin and Fengning County in the north of the basin, and the ecological
security has been gradually improved.(3) The scale of water source protection areas showed a pattern of high in the middle
and low in the edge. The area of high risk gradually decreased and the spatial distribution was concentrated, and the
ecological risk tended to weaken.(4) There was positive correlation between landscape ecological risk and Moran’s I index,
which was 0.322, 0.305, 0.298 and 0.317, respectively. Moran’s I was the largest in 1990 with the strongest spatial
correlation, and the “hot spot” area increased year by year, which is the key area for future watershed control and planning.

Locally spatial autocorrelation distribution pattern is consistent with landscape ecological risk distribution.

Key Words: Miyun Reservoir; land use; ecological risk; Moran’s I index
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Fig.1 Location map of the study area

1.2 Bdikia

SHERTE R 25K P A A5 AU B 25 AR A i 3, iR BRI 98 B B2 R 1990—2018 4F, Hdis ke sk v [l B 2 Bie
FEIRFAIEECHE H 0 (hitps :// www.resde.cn) |, £04% 1990 2000 ,2010 F1 2018 454 [ 4 by 1] 328 Ja W 00 450 30 (A
KT A3 PER 30m) | B SR HE T 25 E i T2 Landsat TM 54%, 3853 AT H AR A2 B, = R 260
F45 6 N—WEHIL K 25 AT GRARL, RIEIFFTTE R ArcGIS 10.2 FARXT—2 247504, RI#RHL Ak
Hiy |l K A FH b R 1 b S Rl P 2R A (18] 2)
1.3 W5k
1.3.1 50U g A

oL B BB A% 1= W 4 SO e 7 B, I S WL 5 4 2 5 A 24 (1] i R e R | 2 S O 5 o 1 Lk 3
B, 38 i SO R R EO T, AT DU SO N JEAR HES B A A B A — Moo =R RUBE RIVBFER 20 A
SOV, AR AT 285 25 7K P S 38 D B K I A S5 A JR (R AR SRR 5 10, P Fragstats 4.2 BROFEAT 500K
AR IRL RN K ot B A S 5 ) 1 S A R I, AR UL R T S BRI AR A8 B (LST) | E B 4R 4K
(CONTAG) 771 FEF5 8 (SPLIT ) FI & R Z2 FEMEFE B (SHDIL) |, 7E R A R T R B BEH A (NP ) | BE S % i
(PD) I KBEHFEEL(LPT) (£ 1),
1.3.2 AR TP R A A e

FEFFOUAE A 2EBIS , VR HRAE A% Sz W DX 35 1) A 25 XURS: (14 A A8 450, 3 3 T30 AR 25 XU B s e T
55 B 51 2 i A A S AR A, M R A 25 XU PPN AR | 48 75 i 3 N A= S KU AR TR R 3

http ; //www.ecologica.cn



108 JAE = 3 %

R L IIES
wr Dbkt D o ks D iyt O kA

2 MERLMFAMZESH

Fig.2 Spatial and temporal distribution of land use in the study area
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Table 1 Description of landscape pattern index

JER TREA IR TE
Level Landscape pattern index Definition
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Table 2 Area and proportion of different types of land use in Miyun Reservoir basin from 1990 to 2018

B
-~ 1990 4F 2000 4E 2010 4 2018 4E Rate of change/%
Land cover types TH AR i % TR i % THI AR ] % TR i % 1990—2018 7
Area/km Area/km Area/km Area/km
#HEHb Cropland 3330.35 21.08 3324.20 21.04 3267.58 20.68 3209.32 20.31 =3.77
HMith Woodland 7839.39 49.62 7842.39 49.64 7936.29 50.23 7973.34 50.46 1.68
FHl Grassland 4271.09 27.03 4209.55 26.64 4121.25 26.08 4063.24 25.72 -5.12
JKIK Water area 254.75 1.61 310.93 1.97 225.90 1.43 255.48 1.62 0.29
A ML Construction land 80.74 0.51 89.25 0.56 232.14 1.47 281.30 1.78 71.30
A FHL Unused land 23.68 0.15 23.68 0.15 16.84 0.11 17.32 0.11 -36.69

212 SR EARE
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£3 1990—2018 £ EWIEH
Table 3 Landscape index from 1990 to 2018

e EFF Year A Rate of change/ %
Landscape index 1990 4F 2000 4F 2010 4F 2018 4F 1990—2018 4E

NP 8490 8503 8868 9076 6.46

PD 0.55 0.55 0.58 0.59 6.78

LPI 9.12 9.13 9.65 8.69 -4.95

LSl 112.45 112.54 113.64 114.89 2.12

SPLIT 46.37 46.23 40.54 47.78 2.95

CONTAG 61.49 61.16 60.83 60.42 -1.77

SHDI 1.13 1.14 1.15 1.16 2.59

NP BEHUEL Number of patches; PD: BEHLU E Patch density; LPI: Hit KIEHFE 4L Largest patch index; LSI: JEJIR4E %L Landscape shape index;
SPLIT; 4355 EE 45 %X Splitting index ; CONTAG ; £ %E FF 15 % Contagion index ; SHDI; Shannon’s 4K ZAEMFE AL Shannon's diversity index
2.2 BRI
221 AR U I A AR Ak
iz 1 ArcGIS $a B A 285 AU Do A FH b 288 784 T FR O FH A 28 RURS: D A5 380 R 47 XU (B T35 s e 11
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Fig.3 Spatial and temporal distribution of ecological risk levels in Miyun Reservoir basin from 1990 to 2018

F4 1990—2018 £FZ R KERIBES KR EFRRK b5
Table 4 Area and proportion of ecological risk in Miyun Reservoir basin from 1990 to 2018

IR AU X BB X e XU IX. e MU X T LB X
ARy Lowest risk area Lower risk area Medium risk area Higher risk area Highest risk area
Year AR TR g R AR
Area/km? % Area/km? % Area/km? % Area/km? % Area/km? %

1990 4F 4419.36 27.97 5889.45 37.27 4561.51 28.87 730.14 4.62 199.54 1.26
2000 4F 3232.47 20.46 6181.51 39.12 5384.00 34.08 792.88 5.02 209.14 1.32
2010 4F 5339.00 33.79 7710.47 48.80 2607.87 16.51 109.80 0.69 32.86 0.21
2018 4F 4990.94 31.59 7573.21 47.93 3062.28 19.38 137.41 0.87 36.16 0.23
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RS 1990—2018 £ & Fth B BY 4 75 RUBS 1 AR % L i
Table 5 Area and proportion of ecological risk for each land use type from 1990 to 2018

B A R K Jaisi bl AF b
A DA A2 Cropland Woodland Grassland Water area Construction land Unused land
Year Risk level Hif Hif i Hi Hi Hi
neaki? C Ak Aeakm® C Awadm® C Aeakn® C Aveakm®
1990 TR X 440.64 1323 300457 38.33 93092  21.80  31.82 1249 1003  12.42 1.38 5.83
BARRR X 1378.58 4139 2640.01  33.68 1735.36  40.63 9221 3620 2963 3670  13.66 57.69
TR X 1259.15  37.81  1797.82  22.93 139522  32.67  68.69 2696  32.68 4048  7.95 33.57
R IX 233.99  7.03  276.67  3.53 17497 410  36.85 1447 6.97 8.63  0.69 291
B X 1799 054 12032 153 3462 081 2518 9.88 1.43 1.77 — —
2000 TR X 267.06 803 227522 29.01 65121 1547  29.61 9.52 8.68 973 0.69 291
BRI (X 125267 37.68 316422 4035 1631.92 3877  93.87  30.19 2791 3127  10.92 46.11
R X 1520.82 4575 1987.32 2534 1697.62 4033 12325  39.64 4331 4853  11.68 49.32
R X 266.44 802 28192 359 19528  4.64 4089  13.15 7.96 892 039 1.65
R A X 17.21 052 13371 170 3352 080 2331 7.50 1.39 1.56 — —
2010 AR X 476.45 1458  3659.10 4611 1123.29 2726 4802 2126  31.68  13.65  0.46 2.73
AR X 1832.94  56.09 338456  42.65 2221.31  53.90 138.84 6146 119.85  51.63  12.97 77.02
TR X 945.92 2895  787.78 993 75294 1827  39.01 1727 7881 3395 3.4l 2025
R X 1005 031 81.91  1.03 1639 0.40 0.03 0.01 1.42 0.61 — —
A U IX 2.22 0.07 22,94 0.29 7.32 0.18 — — 0.38 0.16 — —
2018 R X 469.19  14.62 349144 4379 91056 2241 7935  31.06  39.92 1419 048 2.77
BARR X 1607.37  50.08 339752 42.61 233270  57.41 11209  43.87 11022 39.18 1331 76.85
R X 111559 3476 97034 1217 78127 1923  63.89 2501 127.66 4538  3.53 20.38
R R IX 13.21 0.41 93.09 117 2835  0.70 0.15 0.06 2.61 0.93 — —
TR IX 396 0.12 2095 026 1036 0.25 — — 0.89 0.32 — —

2.2.2 RGP XA S A 2 A8 A

T e X Sl A A RS B 2 AR Ak A AT A e JRURS: 3 A A 2 K PR SR L, PR L JR K R AR A DX A 2 K
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Fig.4 Spatial and temporal distribution of ecological risk levels in Miyun Reservoir level 1 water source protection area from 1990 to 2018
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Fig.5 Spatial and temporal distribution of ecological risk levels in Miyun Reservoir secondary water source area from 1990 to 2018
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Table 6 Area and proportion of ecological risk in Miyun Reservoir water source protection area from 1990 to 2018
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Table 7 Area and proportion of ecological risk transfer from 1990 to 2018
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Table 8 Moran’s I value and local aggregation of ecological risk from 1990 to 2018
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Fig.6 Local autocorrelation LISA cluster map of ecological risk in the study area
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