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Abstract; Relict habitat such as Luoshan Nature Reserve, with its species rarity and ecological vulnerability, was an
indicator of regional ecological and environmental changes. To study its ecological trend plays an important role in protecting
species and the ecological balance in Ningxia Section of Arid Desertification Belt in North China. Based on Landsat MSS/
TM/ETM+/0LI (from 1977 to 2017) data, SRTM DEM, and the annual average temperature and precipitation (from 1977
to 2017) from meteorological stations around Luoshan Mountain, human impact variables ( population, cultivated land, and
residential area) and natural ecological elements (NDVI) were quantitatively expressed and analyzed using correlation
analyses. This study found indicators that human influence has affected the watershed of the Luoshan Nature Reserve through
ecological alteration of the geographic landscape. The area of true-shaped residents (identifiable proportionately from remote
sensing images) increased 3.09 times from 1977 to 2017. The population increased 34.30 times due to the immigration for

poverty alleviation in the Hongsibu District. Before immigration, cultivated land area increased, but then decreased rapidly.
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Most dry-cultivated lands were converted to forest lands, and a small part were converted to irrigated cultivation lands. In
the last 5 years (2013 to 2017) , although NVDI maximum and total values in the Luoshan Nature Reserve have showed a
slight upward trend, they are still below the historic values. It can be concluded: (1) The landscape was severely
fragmented through the creation of roads, railways, and fences, isolating the habitats of animals and plants. (2) Due to
rapid urbanization and high-intensity agricultural development in the Hongsibu Tmmigration District, water and land
resources have been converted from decentralized traditional farming ( semi-arid agriculture) to the centralized development
of modern agriculture (irrigated agriculture). So the human-land relationship is increasingly under strain, aggravating the

risk of regional ecological security.

Key Words: Luoshan Nature Reserve; Normalized Difference Vegetation Index ( NDVI) ; Climate change; Human-land

relationship; Habitant island ; Ecological migration
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Table 1 Data sources and uses for the study
—
Hefp L2 L3 LS5 LS L5 L5 L5 L5
Type of data
SR [E]
L 1977/09/22 1978/08/21 1987/09/20 1989/08/08 1992/09/01 1995/09/26 1999/08/12 2001/08/25

Acquisition date
o A
BEFEIR 5ol R R R R R R R R
Extracted study area
NDVI 4
Extracted NDVI K R K k R R k R

22 i
AXERRE R R R R R R R R
Extracted anthropogenic factors
R
e LS L7 LS L7 L7 L8 L8 MODIS NDVI DEM
Type of data
AR ]

. 2004/08/17 2006/08/10 2008/06/25 2010/08/02 2013/08/10 2015/09/01 2017/09/06 2000~2017  2000/02/11
Acquisition date
W X SR
R R R R R R R R
Extracted study area ¢
NDVI i
R R R R R R

Extracted NDVI R R Q

Fy3%
NIBR MR R R R R R R R 0 0

Extracted anthropogenic factors
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Fig. 1  Watershed area and its topography of the Luoshan

Nature Reserve
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Fig.2 Time series NDVI density segmentation mapping
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Fig.3 Time series thematic map of lake area, cultivated land, grassland and residential land
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Table 2 Human dimensions of Luoshan basin in 1977—2017
AR 8]

Acquisition date

1977/09/22  1978/08/21 1987/09/20 1989/08/08 1992/09/01 1995/09/26 1999/08/12  2001/08/25

Hhith

Cultivated land/km?

B

Cultivated land count/#

S RO B

Resident construction

land/km?

JE R BT S

Resident construction land

count/

64.25 182 389.6 470.4 535.1 501.8 492.9 440.6

21 21 24 20 23 22 46 57

21.5 30.94 29.17 37.28 37.51 40.51 38.10 50.73

33 39 37 46 47 46 58 63

A& s 6]

Acquisition date

2004/08/17 2006/08/10 2008/06/25 2010/08/02 2013/08/10 2015/09/01 2017/09/06

B

Cultivated land/km?

Bk

Cultivated land count/Ht

JE BB

Resident construction

land/km?

Ji R A BB

Resident construction

land count/

388.7 280.2 289.2 249 274.5 265.5 249.9

54 85 90 71 96 71 80

55.47 54.52 49.85 61.71 48.42 59.39 66.52

67 59 63 55 49 56 58

®3 NDVIZESZEASLLGIT/ %
Table 3 A statistics from NDVI density segmentation

ot K g
fmjti 1977/09/22  1978/08/21  1987/09/20  1989/08/08  1992/09/01 1995/09/26 * 1999/08/12  2001/08/25 2004/08/17

over type
i Deserts 0.45 0.78 0.84 0.70 0.39 0.17 0.42 0.61 0.37
Fie P i
R 0.52 0.17 0.12 0.25 0.54 0.74 0.52 0.33 0.57
Desert grasslands

H

%:q:ﬂ‘ﬁ 0.04 0.02 0.02 0.02 0.04 0.07 0.03 0.03 0.04
Arid grasslands
TEME R
AR 0.01 0.01 0.02 0.02 0.03 0.02 0.02 0.02 0.03
Shrub lands
FRHMK Forests 0.01 0.00 0.00 0.01 0.00 0.01 0.01 0.00 0.00
L 41a T3y IrEIER

Cover type

2006/08/10  2008/06/25  2010/08/02  2013/08/10  2015/09/01  2017/09/06

Average  Segmentation grade

FitibE Deserts 0.71 0.78 0.71 0.19 0.68 0.12 0.528 (0.0, 0.2)
BRI 0.25 0.18 0.25 0.59 0.26 0.59 0.392 [0.2,0.4)
Desert grasslands
R
3:44 =R 0.03 0.02 0.03 0.18 0.04 0.24 0.057 [0.4,0.6)
Arid grasslands
TEM LR
AR 0.01 0.02 0.00 0.03 0.02 0.05 0.021 [0.6, 0.8)
Shrub lands
FRHR Forests 0.00 0.00 0.00 0.01 0.01 0.00 0.004 [0.8, 1.0]
s VAR AT RE SR SR

B 4 B g2 3 BB R B 1L i 41a SF2 NDVI G453 a3 &l . AT LAE Y, KR S 458 NDVI
KT 0.2 BYFEEX & He ik 53% , 4 F 0.2—0.4 BT R Y 39% , TR 55 5 6% , EMNE R Y 2% % T%
LA FR IR IX., NDVI GE A 3] 0.8—1.0 AP B AR AR 5 FL A, AN 2 1%, 58 X5 B8 43 87 T A [6) 4F 47 MODIS
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Fig.4 Changes of Ecological Structure in Luoshan basin

NDVI(2001,2004,2006,2008,2010,2013,2015 A1 2017 4F)8 H F2F H AY4s 58, Fr I e ) 1 26 78 # 2n 1k 5
Landsat NDVT JE 3 — 3k o
33 AfrER2k

S RRIFFE X b T RO 2 ANk 41a(1977—2017 4F) IS 545 BBUAME , 545 LR /NS LR o
HAE X SR FAE BRI S S a e (E 5) .

—=— EHRE -~ MECFHRIR —u— AEHREIK —e— BT B-EHIREK
12 - .
y=0.0479x + 8.7816 400 + y=-0.7111x + 246.72
R?=0.5722 2=
350 L R*=0.0151
s o \/[r- =
kg 11 £ 300
g o g
E] 10.57°C = 250 |
< -
g 5 200
(5} kel
A~
;5 % 150t
r & 100
50 L FEKEER
7 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1
1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020
A4y Year

B 5 WRERSEMEK(1977—2017) BHES
Fig.5 The trend of temperature and precipitation in the study area (1977—2017)

(1)1977—2017 4EWT5E ARl S A 2 B ETHES (K 5) .

41a SR 9.82°C . B BetES 45 R E I, 1977—1986 4E  1987—1996 4F  1997—2006 4 . 2007—2017
AERIBY B 20 514 8.91 °C (9.52 °C ,10.27 °C ,10.57 C,IRIGK W3E , 1996 4F Ay 22 4F S I R4 1
L R 19 AR TR IME . 4la )RR AR I IRAE 1984 4F (8.2 °C) ,2017 4FE Ik FAEY S IR A il 11.91 °C,
2017 4£7 A7 H—7 J 21 H 7 Z b D B 17 A G0 55 LR S 003 Fl e R 5 32 ok R 25 I (7] B
KR KGR 4la SIRIM AT 20 0.48 C/10a, IRFREAETES 10—12 4ERYAS (L JH 111

(2)1977—2017 W58 KAF Y AR AR S B0 8 N a3 (&1 5)

oK ISR AR 41 “F-H4F%7K 231.8 mm, A 4 JHE AW W A XHIRAE, HE0AE 1980 4 (132.7 mm) |
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S B AR 3Z 2 7 T R R 200, A& Al () 2 AR fh B2 IPCCS K b fe 2R 2 R I B A
G B EBERARRE ()BT B IR SR A b o SRR, IR S n i ] Rk e T ks
) R BE 5 () TR 2. A BR A FH 26 0.12 °C/10a(1951—2012 4F) B2 & E AR IR BE | FHal R
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4 RS

41 e
411 HPBWMBR
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HEPOT 35 A KMUBERY N I AERS h i st B9 AR 25 A UF AL T E Kk, (0 R JE At 2] 4R
LE AN T G T T AL AR SR PR AR B K

AR TE TR X AL s B R 2T TR R X, B RS AT AY 1996 4F- 2 A, 4 A 1R 0.67 J7 A 51999
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JRAE 22 T EOKZ B R, SO X A TR, SR A% O XA K R TR AR
W-E I TR S 8T R AR e & A= 1 B IR S R P — F st e T
4.1.2 NDVI B pRe kiR

R T R W R X RS 43 A B 25 A Ak R B iR 5% LA K B LM 3l o0 D (B4 37°18717.25" , AR &%
106°16'54.88" ) ¥ T NDVI {1 [fii (1987—2017 4F) , AR & i g 22 il 7 i p 2 s (B 6) , il WL W-E i1
PRI (328—487 15 E By ) NDVI BUH AL R Z1 , 1987—2001 4F5 | HAH7 4 8 0 378 B H0Ji; 2001—2015 4F
TR AT . Tl (NDVI<0.2) FARHE— 2547 5K S H 5 (0.2 < NDVI<0.4) B Be 46 /N (B 6 i
RLRELR) MR R 55 /N (B 6 @Al LR) | ZR MK NDVI {H7E 2000—2010 4F [A] H 22 {1k
2013—2015 4 Jay 3 A7 i Be k1 48 (H A T e i 35

HRHE N=S ) 1 Bl 22 ) A e e 0 11 (TR 6) 7, 1987—2001 4F 5 T | e Al 9 o 378 B 4 )5, 2001 —
2017 AEFLHFRE A T . 1SR T B I B, v ) S ARk B SRR R I AR IR T K2
200 4% (29 6 km, 8 6 EAHLELL) , MIEHRS> (613—1004 122 Bt ) NDVI [RIRERE s EIZY , BAE 2013—2015
AR BB A (EARHE 2017 4R NDVI E AW MROUKIR AT E . B al /N2 1L 77 ), 2010 4F J5 A H
FEEAEE SO
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