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Assessment of ardeidae waterfowl habitat suitability based on a binary logistic

regression model
Z0U Lili, CHEN Xiaoxiang * ,HE Ying, LI Xia, HE Zhijian

School of Geography and Planning , Guangdong Key Laboratory for Urbanization and Geo-simulation, Sun Yat-sen University, Guangzhou 510275, China

Abstract: Ardeidae and their habitat are being threatened by the destruction of wetland ecosystems. Because the
availability of suitable Ardeidae habitats are gradually decreasing, habitat suitability evaluations using remote sensing and
measurement technology are becoming research hotspots. In this study, Mai Po and the Deep Bay Area in Hong Kong was
chosen as a case study area. Based on descriptive waterfowl statistics from field observation data, we used Moran's index to
assess spatial autocorrelation. The results of this analysis indicated that the field data was randomly distributed within the
study area, and that there were no duplicate records. Therefore the data was suitable for modeling. We used a logistic
regression model to determine the factors associated with the waterfowls’ habitat. First, according to Ardeidae habitat
dependencies, we collected data of 15 factors relevant to the waterfowl in January 2003 using Geographic Information System
(GIS) and Remote Sensing technology. We randomly selected 1000 points from each factor’s grid map and used the
leverage value and cook distance method to look up unusual points. Few unusual points were identified, and most of the
selected points were able to be used to establish the binary logistic regression model. Nine factors were identified by the
model as having an important influence on the presence/absence of Ardeidae. These factors were land use, Normalized
Difference Vegetation Index, slope, rainfall, TM 4 texture, TM 3 texture, road density, road distance, and human
habitation density. The Nagelkerke R’ verified that the model was a good fit (coefficient =0.774). Aspect, digital
elevation, human habitation distance, TM 2 texture, relative humidity, and temperature were simultaneously filtered out of

the model, suggesting that the waterfowls’ habitat preferences were not influenced by these factors. We then used a quick
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clustering method to grade habitat suitability, and found that the case area could be divided into five levels. From a two
figure stack in GIS, we selected 500 points from the Ardeidae population. We found that the prediction data from the binary
logistic regression model was in good agreement with the observed field data of Ardeidae waterfowl in this area, with a kappa
coefficient of 0.774. We suggest that the suitability grades basically correspond with the waterfowls’ habitat, and that we
could predict the presence of waterfow]l with the model. The model could also be used to estimate the presence of waterfowl
in unstudied areas that are difficult to access. The model has better application prospects in studies of wetlands. Finally, we
used January, 2009 data of the nine significant factors in Mai Po and the Deep Bay Area to test the universality of the
model’s equation. We followed the same steps as for the 2003 data, and the fitting accuracy reached a kappa coefficient of
0.758. The results of our study show that the binary logistic regression model could be used for forecasting Ardeidae
waterfow] habitat suitability. We demonstrate the effectiveness of correlation analyses for predicting waterfowl habitat. Our
model performed well in the prediction of the presence of Ardeidae waterfowl, and provides a reference for the protection

and management of waterbird habitats, and for future studies.
Key Words: Binary logistic regression; Ardeidae; Habitat; Suitability
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Fig. 1 Study area and actual measurement data of ardeidae
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Table 1 Weight coefficient of the evaluation index in binary logistic regression

AT T AR b A I exp(b) e Kt ATTRI T g
Input equation Partial regression 0dds of experience Sig. Output equation Sig.
coefficient

d- ) 0.257 1.293 0.00 2353 0.937
NDVI 2.240 9.394 0.00 [ 0.877
R Rl 1k 0.208 1.231 0.00 JE R 0.704
Perm) -0.970 0.379 0.00 T™M2 23 0.091
T™M4 53 -0.791 1.001 0.013 AHXS R S8 0.090
TM3 &3 0.001 0.995 0.00 L 0.865
B -684 0 0.00
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JE R -36910.78 0 0.00

by -12.17 0 0.00
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PUNER R E BRI M I HRE

Suitability grades Cluster center Cluster point Evaluating characteristic

SN < 0.97618 588 T AR IE AR, SR TR Ty

EEME 0. 73665 163 T HBTT AR AR, A SRR, R K S A S

SEAE TG 0. 48297 197 iﬁﬁﬁﬁﬁﬁ*%,%fﬁﬁkﬁ?ﬁﬁﬁﬁ*%,Xﬁ?k%mﬁﬁﬁll\
Al

AT EE 0. 19645 68 S BT SRR I, A KR T I b . K 5 S ek

AT, 0.0003 54 WS TT KRR BEAR =, JLT-ANGE F SR AL, ™ TR M K 2 4 S

WA 1 % 0 A [T R A5 1Y) 2003 AEAERAE 32 AR B 2, 4K A5 2003 4R 1 2009 4F 7K & 4 8 Hh &
HESHE(E 3) , TR, BT AU S T XA B Rl K3 5 1 V5 1 b 1 AR A R B 15 3
BRI A | AT B 14 DX s A S | B L ) DI A B 2 | ROl A R K S A SR ARG
FER MK 2R AR K SR A A S A 35

N
20034 P A
< o

A g o
b
,q 0 2.4km ‘_ﬁ' 5(.
'A

i 5

B soEames O sadmmsse T Ramss
[ e Bt 0 R

B3 KiF-EESHRESHEEESRE
Fig. 3 Grade figure of habitat suitability in Maipo

2.3 K S SEIERRE gk

FHE LK 1 A3 A Ml X5 38 B SRR R ZE AreGIS FAHZ I, BEHLEE IR 500 ASAE 58 % [ U7 $503) 43 2%
Bt 5 S BE BT RLAIRAIE . B WS B0 bRl | X KA M B B K 1 BEA T PR 42 | T T8 0
LR R X 5 28 73 2880806 5 A B s B M PPN SR A T R PE A

RIS Pl K 12 500 (-5 5 070 28 2 0 0 P (36 3) W] 0. 2003 45 K A 10 b /K 15 1l F9000 B 4 5 502 B
AR, 2003 AFERL K S 1) Kappa 2R 0.774,2009 4F55UFEHE Y Kappa RECH 0. 758 , Ui A 17 132 56 4
[ S X G 5l A7 335 BT A R ) 25 SR 5 S PRk S AT S IR SEAR W 6, BE T AN AR TR o FH A S B v A AR
BEAT KT A X 8K 5 0 TN LA A A g FH 5
3 it

i ok AR 7 HH A A4S A b ) AR AN B T R 38 T A [ AR Nagelkerke R 45 1 2 52 4005 5|

N

http ; //www. ecologica. cn



12 11 ARTERN A TR AT A (0] U A T ) B R A A S M A 3727

x3 BRKEREBFEESER

Table 3 Ardeidae waterfowl classification of errors mistaken judge

WL 2003 M & U= 2009 B fe
Observed Predictive value of 2003 Observed Predictive value of 2009
value 1 2 3 4 5 % value 1 2 3 4 5 %
1 225 30 13 5 1 82.12 1 228 17 5 40 3 77.82
2 3 38 6 2 3 73.08 2 11 80 19 0 0 72.73
3 0 0 38 5 2 84.44 3 10 1 28 4 0 65.12
4 0 6 14 68 10 72.98 4 5 0 1 22 0 78.57
5 4 5 0 4 18 58.06 5 0 0 5 0 21 80.77
St e 75.8
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