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Assessment of giant panda habitat based on integration of expert system and neural network. LIU Xuehua!, An-
drew K. Skidmore?, M. C. Bronsveld* (* Department of Environmental Science and Engineering, Tsinghua Uni-
versity, Beijing 100084, China ; *International Institute for Geo-Information Science and Earth Observation
(ITC), 7500 AA Enschede, The Netherlands). -Chin.J . Appl . Ecol .,2006,17(3) :438~443.

To conserve giant panda effectively, it is important to understand the spatial pattern and temporal change of its
habitat. Mapping is an effective approach for wildlife habitat evaluation and monitoring. The application of re-
cently developed artificial intelligence tools, including expert systems and neural networks, could integrate qualita-
tive and quantitative information for modeling complex systems, and built the information into a GIS, which could
be helpful for giant panda habitat mapping. This study built a mapping approach for giant panda habitat map-
ping, which integrated expert system and neural network classifiers (ESNNC), and used multi-type data within
GIS. The giant panda habitat types and their suitability were mapped by ESNNC. The results showed that the
habitat types and their suitability in Foping Nature Reserve were assessed with a higher accuracy (>80% ) by
ESNNC, compared with non-integrated classifiers, i. e., expert system, neural network, and maximum likeli-
hood. Z-statistic test showed that ESNNC was significantly better than the other three non-integrated classifiers.
It was recommended that the integrated approach could be widely applied into wildlife habitat assessment.

Key words Expert system, Neural network, Remote sensing, GIS, Habitat mapping, Spatial analysis, Giant
panda, Foping Nature Reserve.
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Fig.1 Foping Nature Reserve.

1) 33k 1l Guangtoushan mountain;2 ) 4€3% ¥4 Zhichanggou valley; 3) i
$h ¥ Paifanggou valley; 4) =B Ji Sanguanmiao village group; 5) /K #:i4
Shuijinggou valley; 6) K # ¥ Daguping village group; 7) & ¥ £
Dachenghao; 8) 5 3 Yueba village; 9) #2 & F Longtanzi village group;
10) B AN Liangfengya.
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Fig. 2 An integrated expert system and neural network classifier
(ESNNC) for mapping both the ground-cover-based potential panda
habitat types and the suitability-based panda habitat types.

TM 1~5 7 % T™M HRAEE 1~5M 7 3B TM 15 and 7
represents Landsat TM image bands 1~5 and 7; A S BEB " f0 8
BE5 A ATESEHER ‘Distance’ represents the distance map to the
human activity area which is used only in mapping the suitability-based
panda habitat types; MLC.ESC fl NNC 2+ I A # B kIR 288 %
ERERF R ENMHERIE 53 MLC, ESC, and NNC are three clas-
sifiers: Maximum likelihood classifier, expert system classifier, and neural
network classifier.
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Table 1 Criteria to define suitability-hased panda habitat types to the sample points for mapping in Foping Nature Reserve, China
R BiEE BHEAFE XHFELEWM BEHE EEHEE HREN FEELH K 4k
Suitability AFAER Gt i HEER Gt Marginal Unsuitable Water
indicator Most suitable Suitable  Transfer region Mmost Suitable habitat habitat

winter winter between winter  suitable summer

habitat habitat and summer summer habitat

habitat habitat
W Altitude (m) <1949 <1949 1949--2158 =2158 =2158
KHEEMIRE Giant panda signs % Many  £1E Present % Many  FETE Present
W Slope (<) <35 <35 <35 <35 >35
SR/ L MR R Reb
e SR Egi| ngh a War
Land use/cover-based habitat type er
BHEERDUHES.LAERY
Distance to summer activity center {m) <1000 >1000
BEAFENEEPOMER 005 & 043Y <1500 >1500
Distarce to wintter activity center”(m) 127 & 065 <1300 >1300
045 & 083 <1000 >1000

BEXREDEED LAER 043 <500 >500
Distance o matting activity center {(m) 045 <1000 >1000

Fas: #& A fl & % Farmland and settlements; Rab: % 5 1384 Rock and bare land; Sher: # 2 M Shrub-grass land; War: K& Water. ) B iR R
Liu};b) 005 to 127 £ 6 H B85 7E T 42 P 51 I8 B B2 RS9 40 5 005 1o 127 are code numbers for six giant pandas radio collared.

70
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8
: 50
F
= 40
s
230
a
B 20
.
0
12345678
A3 Habitat

= | MK Conifer forest 4

m 2 &+ E MR 354K Mixed conifer and broad-leaf fores!
m 3 PEMREH-AK Decious broadleaf forest

m 4 fT)A Bamboo

m 5} 5 M Shrub-grass land
m 6 72 F F1E B 5 Farmland and settlements
= 7 50 FIME Rock and bare land 0 10 km
m 8 7K{E Water
B3 BENTREZRHEMES IR (ESNNC)EH L L HH

R/ - RO AR A R R R R E A S AR E R T A
Fig.3 Ground-cover-based potential panda habitat map from the inte-
grated expert system and neural network classifier (ESNNC) in Foping
Nature Reserve, China and the figure of area percentage.

1)§ Bk Conifer forest; 2) £ I 18 32 # Mixed conifer and broad-
leaved forest; 3) ¥ P+ M 4 Decious broad-leaved forest; 4)ff A Bam-
boo; 5) MM Shrub-grass land; 6) R FIF /& B &K Farmland and settle-
ments; 7) 8 A FIMH Rock and bare land; 8) 7K{E Water, H 4 IHIER
P RRT KR White line gives the boundary of the Foping
Nature Reserve, R U5 B REP X FE A EHA A Area outside

the boundary shows the surrounding environment.

REMTHMBEHFIRERPREHRY 6%, X
97 %HIERM R T IR R KRB RE. EE
ABREERME T RAF 2.5%, K— 84010
FEB L, —FF I TER A, T4 A4 B
ERtZHEL T RE N A NEDTFHREE R,
REMERAEEM G ERF AR A XM R
F BB KRG, AR/ R A K T R
RS,

KAEM R HEE
ESNNC 2l KEMAREEERERRREE
HEEEHEELE 4 HE 4 JUEE, EERE
BEMESERTESMEBRTRPR AL I
AL R K, TR 166%,ﬁ¢'§ciﬁEE$N

3.2

M H Percentage €9
o

12345678
& E A Suitability

w | BE T F 1 Most suitable summer habitat
m 2 if B F 4 1 Suitable summer habitat
m 3 58 B4 F 4 HE Most suitable winter habitat
m 4 iE B4 %4 15 Suitable winter habitat

5 &5 4 15 571 HHF Transfer region between summer and winter habitats
e 6 BIRE 3 Marginal habitat

m 7 A& HE Unsuitable habitat 0 10 km

. m 8 JK{E Water

B4 SBAEMLRRGRMNER 5288 (ESNNC) £ H 8 KRB 4
HERHMERANERES K

Fig.4 Suitability-based real panda habitat maps from the integrated ex-
pert system and neural network classifier (ESNNC) in Foping Nature
Reserve, China and the figure of area percentage.

1) B H B Z 45 3% Most suitable summer habitat; 2) B E T F4
Suitable summer habitat;3) B¢ i& H % 2 4 # Most suitable winter habi-
tat;4 )18 B A& F £ M Suitable winter habitat; 5) & H F & Siid HH
Transfer region between summer and winter habitats; 6) #1 ¥ £ 8
Marginal habitat; 7) 738 B4 5% Unsuitable habitat; 8) K& Water. H
EIHIERBEE H RIR P XAYIH A White line gives the boundary of the
Foping Nature Reserve, MRS SRR X FH B A E A Area
outside the boundary shows the surrounding environment. B #ik 8
THEMETHSRPENSBEHALERP REBE=ZE A EH
Black arrow line shows the path used by local people and tourists to move
between the Sanguanmiao village group and outside of Foping NR.
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AL 6%, BERPAMENL L WLHEE. TEER
BEEMAFEE S BHITRP KNP g
ABMA/EHRE R, BRSAFRPREHRY 52%, H
FEEEMKEBELEEEELSLENRERIEL
A, AR —R KRB . ZFHELT— .
WA —H  RKHSE-EIZ /8 F, 7] L5
BPRAKEBHLAESEABERELLTEFAR.
KEMBAFARZ RIGEE—TER, FiE 20% 8
R RER . RIBFIMNAE, L EHFOT FAERY
5, BT E, BT T, BEKRF; LEHFH
R B AR, KL B E B, T AR
VERIACER A9 A LA, X FTRE L R N fH 4 B o
KEHEFZXIRERTFELAEEEE BBEEY
FEMRAMERLZEE, B 35 MEREERAT
BIPRR, GRPEERN 11%. FEEEBER
RN, 2%, FEAAEFSHEAMMHANED
R8s R . BlUEAEK.
3.3 HIEMERR

4 Fir o3 2877 B 40 TR TR o O AR N AR SR I 0 N
BEERAFH, BARBRERHFIRREE 4R EH
W RS DR AT B A KRS IR
M ZERR(ER?2). EENBRUREREERS
AR A KRR A& R A, TR A S KA AT HiR
Bl 3 AR MEARSESEERENFIRANT 74
RE XM THRIFENEEEEM EMBERURER
BEIRA AR BRESM YRR, AR REAR
RRABERATHEHNKITSEH . ESNNCTE

®2 o RIRERNIMITE AR R AN N DAY P
1, RO TR SIS ME53 2438 (ESNNC) SR T 45 4382
[ (BPNNC,ESC,MLC) BOPRRILL 2 (iliT Z #Eit5+4F)

Table 2 Accuracy assessment and pair wise comparison through Z
statistic between the integrated expert system and neural network clas-
sifier (ESNNC) and the other classifiers respectively (i.e. the neural
network classifier (BPNNC), the expert system classifier (ESC) and
the maximum likelihood classifier (MLC) in mapping panda habitat

types in Foping Nature Reserve, China

e Vg HEH  REE el RSk Z g
Mapping Classifier MY Dul K Cange 2
type HHMHE mapping  valee  Kappa  stafistic
acouracy value value
d (%)
identified
habitat type
EWARRM  ESNNC 8 84 0.801 0.0041
Habitat type  BPNNC* 8 70 0.622 0.0066 1.00
map ESC 8 76 0.703 0.0055 1.73"
MLC* 3 NM NM NM NM
EMBEEEMN ESNNC 8 83 0.742 0.0004
Habitat BPNNC* 8 7  0.640 0.0005 3.25""*
suitability map  ESC 8 48 0.358 0.0005 12.72*"
MLC! 7 NM NM _NM __NM

) HIEBfF—RA%: »ZREF (0%C.L);» » ZREBH(95%C.1.);
“NM" RRBHHIYITH § PRBTFA Not mentioned due to that MLC
does not identify all 8 types.

KEHARFHEPFETEENSRSHEE
84%F1 83% ). T Xt F 22— BPNNC, 764 1 4 3%
KR ER, R EREEN 70%, €F ESC B9 K EE
76 % ; T 75 45 A= % 15 B Pk B B, BPNNC #94 B i%
BT 76%, THF ESC KB 48% , XL F X
ERABEEENERIRERERNIE.ZH
R, ESNNCELZHBR TERR BB, B
FitERBE.

4 & B

EHRARFETERNERRENMER S
43 (ESNNC), 35 H T 4B FiE M 637 5 REP
RKEMAERE . ZARFHEBLRLEHIE. ¥
PR RFEW, ESNNC AR T B B4R E, Hih
FRPEKEEEEERHRPNERRENER
BETELFEREMMKENAEES, 8=
| L B EMMEERE LA ST TFHEERKHEER
W, AR BRE T — M BERA R E %, A A
IR AR &, TR HIE.

HEERFNMHERTES, BIEERRPE4E
BT RERIISA T4, B 97% M RIRBHNE
=ORAKRBEABAEELE, 68%/ KR KEM
MEEEE(BELAEFEER) R, BHFAENE
HIER B, WR K EENBEEELEERTE
Mo, 5F — A R/AME(H 60 AER) AR FEMAE
FEREERE . ISR AR X Bk i b gy A TR B HE,
ML EE, BEIKE 8 REE, BIn gy
KA ELEM KRR FHE . £ 5E R4 L
{8, BMHPEAR A AL, BREUE AT R, % K,
ERKEBLTFABENIEN, bRERILTER
EREETREREEHERE RO, £E&H K& W
RANESTHA BT SOEEAIE, XA R T
fBRE, FHEL WA GITEARRENLTEE, &
FREULRY e ) 7 KA T i e T & T B
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