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Abstract

Scientists pointed out that vegetation declined due to climate change
and deteriorating environment by human in the Kyoen Delta of Ejina
river in Inner Mongolia, China. Therefore, I aimed at identifying status
of land-cover and vegetation changes and their causes, then judging
current status and trend of expansion of Koyo popular and finding
suitable areas for regeneration.

The study i1s divided into two parts, determining the land cover and
vegetation changes, and identifying recovery status of Koyo popular
forest and assessing suitable area for regeneration.

1) Analysis of land-cover mapping and vegetation changes

I visually interpreted four Landsat images by making field surveys in
the Kyoen Delta. One image (a Thematic Mapper image (TM2010)
acquired on June 11, 2010) was interpreted visually with high resolution
images of Google Earth. Three other temporal Landsat images, which
were a Multispectral Spectral Scanner, a Thematic Mapper, and an
Enhanced Thematic Mapper Plus images obtained on June 11, 1977, June
23, 1991 and June 14, 2000, respectively, were interpreted based on the
TM2010 interpretation, and then land cover changes were analyzed over
the Kyoen Delta.

I found the following changes between 1977 and 2010: Open forest
increased remarkably by 64% and Koryu tamarisk forest increased by
32%, resulting in an increase of green land. The areas of sandy soil,
desert and bare land decreased by 21.4%, 16.9% and 28.9%, respectively,
and changed to Open forest, Koryu tamarisk forest and Other forest.
Logging records from the 1940’s to the 1970’s showed that trees had been

cut largely for building material for the military and fuel for residents



until the late 1970s, after which fuelwood was largely replaced with coal.
After logging stopped, the land changed to Open forest, Koryu tamarisk
forest and Other forest.

Climate, water supply and human activity could impact on vegetation.
However, climate change influenced little, since the area was extremely
dry for vegetation growth. Number of domestic animals increased
between 1977 and 1991, however, the increase showed little effect on
vegetation expansion. Inter annual change of water flow in the river and
water table level didn’t show clear effect on vegetation in the upper
stream. On the other hand, the water table level has been dropping since
1990 and the vegetation area decreased between 1977 and 2010 in the
lower Kyoen Delta. Falling water table level appears to be the cause of
the decrease of vegetation.

Global climate change and worsening water condition by water intake
from the river were believed to be causes of vegetation declining.
However, my results showed that vegetation was under recovery and
dropping of water table level was not critical for vegetation. Large forest
logging caused vegetation reduction before 1980 and forest was under
recovery by reduction of logging and protection by the government.

2) Current status and regeneration area assessment of Koyo poplar forest

In the Kyoen River Delta, trees including Koyo poplar (Populus
euphratica) had been extensively logged for building materials and fuel
wood for military use from the 1940s to the 1980s. As a result, Koyo
poplar has been designated as an endangered species. Here, we
determined the current distribution and recovery trend of Koyo poplar

based on Landsat data obtained in 1977, 1990, 2000 and 2010. We also
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attempted to identify areas suitable for planting. Koryu tamarisk
(Tamarix ramosissima) is a pioneer species along rivers and provides a
protective habitat for Koyo popular, which later becomes the climax
species. A geographic information system (GIS) analysis showed that, as
of 2010, human disturbance of the forest had almost ended and
vegetation was recovering. Succession to Koyo poplar had started in some
areas. A buffering analysis by GIS based on the annual recovery distance
of Koyo poplar showed that it would take at least 450 years for Koyo
poplar to recover in Koryu tamarisk forests. That means that the
recovery would take 10 times as long as the period of disturbance.
However, previous studies have shown that mixed planting of Koyo
poplar and other tree species improves the growth of Koyo poplar
seedlings and that root cutting improves bud blush from roots. The
regeneration period for Koyo popular could be shortened by planting
Koyo poplar in Koryu tamarisk forests along rivers and by root cutting
in Koyo poplar forests that had stopped regenerating by identifying
suitable areas for regeneration using the landcover maps and the results

of buffering.
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W B R o E BT hERHTLOND, L, =Y
TN B 5 o E I = A M 2B DH 1 g B o E L L 2FE LA H
LB L7228 I3 R bbby, AMF %8 T, 8L §8 & 12k 5%,
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HoEZFOM O M BEO, BRI A DBE LN oM AR 3 DN E
RE DB ER A LTz, 4) BRGE A ZH D &5 3%x3 | F oW Th
REMAET — %270 x4E 5 L, Kappa R B ICL0 0 K & 25 i L
7z (Congalton 1991, %* -3),

TM K0P G 8% 5 MSS O £ (MSS1977)IZ>W\W T, TM2010 7225
MSS F—#M Y OvIalb —varyB g #E K LT(H-13)MSS1977
CHE L, RO Y ARG L, TM2010 % 3x3 B F OB & 7«
YRYTHEHAALTIOm IV 7V L% | band2, band3, band4
ZIZ I MSS1977 @ band4, band5, band7 ICEARNT T LB~ YT

JLTH EMZH 2. >Ia2b—aHE\ B LT,

2.2.3.4 CH FEAE R O

4 B o F R R ICOWT, ATV =0 OmE R LR FE KL DO
m AL LR BES Lz, 1977 & 2010 4 O ofE 4 & ()
oo AL ML BR AR L Z oMl oAk ML B oM B M) o b 2L L, &
ZEAL I E T25F 20N BEKICHONWT,BEfF 0& B ITHE SV TH

FRAL OB E 2R &L,
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2.3 #R
2.3.1 4y K o GE

2012 AF o 197 E T OB & S 05252011 F O & & 2D
100m BL AN DR B 0 4 R EE M EZ0fl O H D 17 5 ZH BR L., 5
o572 176 m (BREEA)EAF HLTH BB EARIE L, 6112, KA D
EAL OO ICHRGE S BN/FE LN bR WT, EOVD 11 AT —
(DWW B 27 fili L7z (£ -3),

K3 ongpCc.[HHEERI LT LB BEBOR HHTEMNEREETE
RL. /BT — X 3Bl & CREB LD Mg B C, HELhy

S5 M T — X2 Thdr, Tusga—Y—HELIIZEEH O A EEOD

FHEINNEFF OB EBRCEH TZECTC.HIEEIPEXRLEZBLIZH
HENTOENPER T, 2= F— R E LT, 4 HA O A B OE &
BAEITEH OB EBHR CH-TLMET.FHEN >EXEEDOR K7
F—3 TM2010 DR BRI D E DKL
SBT—4 B BB

HE A BRER A M JE Rbih Eih Tt BR #ith T8 2 —YBE

[k 157 0 0 0 0 0 0 0 0 9 0 166 95%

G| 51 214 0 0 0 0 9 9 0 0 9 292 73%

¥ BRAK 3 0 2130 0 0 9 18 0 0 0 243 88%

Ecil|| 0 9 0 36 0 0 0 0 0 0 0 45 80%

% M 0 0 0 0 18 0 9 0 0 0 0 27 67%

B2 JE 0 0 0 0 0 25 0 0 0 0 0 225 100%
Fhith 8 3 18 18 0 0 117 0 0 0 0 164 71%
2 2 11 0 0 0 9 0 180 0 0 0 202 89%
TfErith 0 0 0 0 0 0 0 0 18 0 0 18 100%
BAt 0 0 0 0 0 0 0 0 0 54 0 54 100%
Hih 0 5 0 0 0 0 0 0 0 0 144 149 97%
Sl&Et 21 242 231 54 18 234 144 207 18 63 153 1585
JAaFa—

i 71%  88% 92% 67% 100% 96% 81% 87% 100% 86% 94%
R - 13
WEFE=87%[b] Kappa=85%

[a] TR ORIES DGOl B ZOfth DAk H &b &8 B FE MM O Xk S BERA LT,
[b] #& G AE BE =k £ 55 35 1) 35 20/ /e i 2 2= (1376/1585) x100=87% CTFK I D,
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2.3.2 Mk B R OR

4 Bl ot By EN (K-12)2E 3 LTELRE T ik 8
Bl O R R (K -4) 0D, LM E OR BB KR O ICH SNICRo T,
L1 TS B < R Gl = SN N T (- AN T 5= M/ N SN il L~ BN
~DR BT/ IV, Flo oM oM TN B IE B IV b
T5, DD LT TEBLIC, B RO E O 4 AL, B A &
oW WL T M B M o R AL ORIz oONTH L.
5 R T D,

W X D 3.6~3.9%%H ., 1977 £ LLBEH B L, 2000 F
B oEITbTNEo, LW X2 EMEO 11.7~15.5%% 5 D,
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HLHN (GHEA) 11.7 15.0 14.1 15.5
BRAR 10.6 13.3 16.2 17.5
Z DAt DO FRHE 1.5 1.5 2.4 3.0
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oMl 0.2 0.2 0.3 0.4
o 4.0 2.6 3.0 4.0
Ak 0.3 0.3 0.3 0.3
PR 22.6 21.2 18.8 16.1
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2 18.1 17.3 16.0 15.1
DRk ap:L 0.1 0.3 0.4 0.8
Bk (E7R) 0.1 0.2 0.2 0.2
Hh 2.4 2.4 2.7 4.2
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Bt 2000 F TEHTFR THORERH D LEEE 2605, 2O IXH
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1991 £ H 225 2001 F B FTHD Z2WniF ) T -15), & it Ml o
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E3FE HBEMOBEREBEEHMOHTE
3.1 [FL&®HIC

TR Wk o/ e = A N E R E oW b 5 o R R o S B
Mo IChr @ 2% BE KEOREARMK T, P EHORK KOK
¥ AT ATHDL (B B, 2013), FIWCKARE O % (Populus
euphratica) &L Bl ( Tamarix ramosissima) &1 % (Elaeagnus
angustifolia) WA W ZTE plk L, W O/ & % & M I H % § 1
(VAR % % B |, Sophora alopecuroides) 72E N5y /i LT, fll £ 3=
I (AR ORICH Y T2) 0% B O 27.6%% 5 05 (5 F MK
R E AR, 1998),

JEAE = M Of B THZY M IR A B IR IR B
& C(h R, 2007; iS5, 2014; B 5, 2012; x5, 2012) ., iR BE
B EE =IO EHDLO— >OH B EEINTELE, £, B O
o (= @ ki) TOF o8 I XA I K o R A Bk
D BT 1970 F A LLEE O I K O B & O I A=Y K
DWEANBRAKAR R 2R S M AERBORRKIZCRoTLEREMINTEE
(# M, 2007; Gong and Dong, 1998; % 5, 2013; #H 5, 2006), L
22U EE = A TIE 1940 AR 2D 1980 4F IS T THT A kL
DR DK B ISt B X223 (Cha, 2010) , 1977 45 LR 1360 00 %
G AEOEBEN/EMLTVWDS(FY-FEE, 2015), ot #, =V F i
T4 B K E P 37.9mm [Zx L CTHE M o f 6 & B & B
3769.6mm CA EICHZ LT (R F W SRR Z B &, 1998) . K

XM Y OE F I 720, — F W JII KK 1991 4215 2001 4 (2
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TR T L TWA (B, 2002),
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Farkh vl Y FR of TR EH W E O — DT B
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fETHO . ME - FRHKEE R T8 K THL(E S, 2009), # # # 13/
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bHoHLEBIT. B M TEE = AN TEIM -0 THY, R B
W o LLTOA AT (E DL, 2007), 207D, ] & »
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3.2.2 B 5 ik
W E O o4 MRt K RSN # K Dy A X
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Beat Lic, BUAE L8 A 13 £ IS I WIZAE 2T T i I 226 60m
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DEMERE L, TLT, HEBER L 20104F 0 &R TOMHB O

44
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D—DODHRZEEZDH, TNEBTE O LALLM O 4 i BLOW H O
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3.3 MR EEE

JEIE = N O R T S ISR LTV T, B SR o KD I e
TR E DK EMHEPE NI TITAE OB A ITHE THL, —
BRI DX AL BT A o B FE ThHY ., W B FE Lb T K AL
N SmAE T A LM 7228558 258, A0 AR O K TH B O HE
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2K 5y G fF S B ) B W I W BE O, TTUITHAL M 3 A AR LT
WHTYTEE ZObND, LT Tk ANy 777 TH E LR 18 Bt #
FHITE RICEE 725 6 0 RERE2K 77L& 2, 2he
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BEIZHOWTHE 8 T2,

3.3.1 & B BB om A AL — AT o R & s S I 205 500m
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JEOIE = A N TIX 1977 4R LB IR R SRR L. FE RE AR sk 2 D
LTWa (A -8R, 2015), @ HICH B IZH2b00H 45 o B &
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Tib i 332.6 308.7 286.1 2614 59.8 58.7 49.6 38.2
= 262.7 249.5 231.1 2182 7.7 3.9 35 32
B 35.3 33.8 38.6 60.9| 11.2 11.1 12.1 214
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A ITELICE B ICE R LTHDLRW ) 200 AdiZEm 2 L.,
1977 7056 2010 4 O TiE b §t 8 TIHIE R = U7 & D = U7 24
LT, itk & TF M| Tk 3 @A TRESHE A LTWHZER

HY. o7 (X -20a) . 3@ AT 0o5bD 2 @ AriX 1977 £ 25 1991 4F @

a) 101°0CE  101°S'E 101°10E W0I°ISE  101°20°E b) I01°0E  101°S'E 10I°10E  101°15E 101°20E
0 19TTAIER. 201 040HR | . O 19TTHLH. 20104180
A2°20'N I 1977 20108848 Ol 42°20N 42°20'N 1977 201041 O 0 42220
1977 201048 P N 1977 201061 DL
i Ty
& g
42°15N M2°15N 42°15'N __J | 421N

42°10N /| [42°10N 42°10N F42°10'N

s b 4205 Al F42°5'N

42°0'N [42°0'N 42°0'NA F42°0'N

4155 H41955'N a1°55N{ F41°55N

101°0E

IFI0E 101915 101°0E E O 01P10E 101°15'E

B —20 1977 EM5 2010 FETOHRGEAUDER a) #E.b) FIH

E=m: 191 EDS5FY Yk TM /32K 3

47



I IZH D L72AY, 1940 4 205 1980 4F B I/ 17 TOfk % 1 (Cha,
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TUT7 T I ZF RE L 37202, 185 TIA A BN IA BNo Tz
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AL IEDT s AL IOV T, 1991 4 715 2010 4F O [H
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ML, Z20#% (R ELO22HDEE b7, B AKX 1991 4 UL %
IZJE R LTWiz, ZTOftt OF #1X 1991 Fic— H D LR, T0#%
(TGN U7z, B MR ISR H B om B N LT R E ol N
ME m EE o, woH B T — B LUTRE DR T, R Ml
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OISR A RNEB T8 200, I AR THL(F )DL,
2007; #F D5, 2014), A0 OB 45 13 L THE R LEEb oo & K
TidmE B IEE I WS ooy, SE BR R L M0 S BR AR I N L, AR i
AR Mo X B ICME A T A E B AR THIR BB O TWnb, i o T
A GE DR AT RE RIZARMK O EL % ICE R Ko T A 2R E L
TWHZLZR LTWVDEE 2bN5H, 1980 4F K 22H 0k & Bl 3K ITLD B
B Ak EHD M AR 24 THH A TTHE & AR B LA (B R K e
ZHS,1998) A 04& FiCw Lz Il 225 500m LN =Y T T
X, 2oz AN LW TOR G O K S IR WO AL# o BE oK L
I TH NTLEFE L0, U EoXSic, BAE XA BB iR Vi EL X

EH DY, ZoM I o L RREIELOOH DL W ST,

332K/ R BB TOMNL LM D5 M DOEAL —1977 4 LL B OE
b © B B
T g AR ELEALEZDICH LTH B OL b BT NhEo7en
(£-6) . % LB ORmMMBEOEA OEFH TIEX-20 I8 Wizk
It DERE DD PV, ZZTOM B LM O 1977 £ 050 M =7
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X1 HEAREHOABOD K-8 MIRAMREBHDIHD

1977 FLIEDZE 1L 1977 ELUBEDZET b
25 Al i (km”) 25 Al i (km”)

1977 1991 2000 2010 1977 1991 2000 2010
BIEE(EA) 524 392 387 414 FLUIEEAR) 1699 131.3 130.8  144.6
KON GREAS) 1.1 1.1 0.7 A (FAR) 25 2.8 1.7
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COEHITEAR EA ML 1977 FLUBRICHE B LTI I "D &
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B B W EEZ R LTV DE/- biv, 8 O B NEF T HE
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