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Measuring spatial information changes using Kappa coefficients: a case study of

the city groups in central Liaoning Province

BU Ren-Cang'?, CHANG Yu!, HU Yuan-Man', LI Xiu-Zhen', Hong S. He' (1. Institute of Applied Ecology,
Chinese Academy of Sciences, Shenyang, 110016, China; 2.Graduate School of Chinese Academy of Sciences, Beijing, 100039, China). Acta
Ecologica Sinica,2005,25(4) :778~784.

Abstract : To analyze the landscape change of city groups in central Liaoning Province, we classified the remote sensing images
of 1988 and 1998 into 12 cover types. , The transformation matrix between each two stages was created in GIS (Geographical
Information System). Marsh disappeared from the landscape and reed fields showed a declining trend (only remained 6.13%)
in this period and could disappear in future. The most change was seen from sandy land which increased by 397.39% and the
least change was seen for the cultivated land that decreased by only 2.85%. The result showed that dominant types could
change to many classes, but the minor cover types could only transform to a few classes. For example, cultivated land
transformed into 10 classes within this ten years. The transformation rates were stable between some cover types, but were
not stable between the other cover types. However, the rate and classes for a particular class to transform to were determined

by the policy and landscape pattern. The transformation matrix shows that the urban and rural area increased by converting
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from the cultivated land, while the vegetable land increased with the increasing population. The transformation rate and
dynamic shows that the more dominant the classes were in the landscape, the less they would transform into other classes.

The indices of Kappa coefficient family decreased within this period. Kappa coefficient for quantity decreased to 96.14%,
which means only 96.14% information on quantity remained and 3. 86% information lost in this period. Kappa coefficient for
location decreased to 94.05%, which means the landscape retained only 94.05% information on location and lost 5.95%
location information in these changes. If the purpose of the study is to examine the information loss on quantity, Kappa
coefficient for quantity should be used, whereas if the purpose of study is to examine the information loss on location, Kappa
coefficient for location should be used. Standard Kappa coefficient and Kappa for no ability to maintain quantity and no ability
to specify location decreased to 90.48% and 93.11%, respectively. In comparison, the Kappa for no ahility to maintain
quantity and no ability to specify location is better than the standard Kappa coefficient, because it assumes that the landscape
has no ability to keep quantity and location.

The overall proportion agreement is 93% between two maps and this result means there was no significant change in the
landscape. The agreement due to quantity was 25% and the transformation rate due to quantity was 3%. And also the
agreement due to location was 60% and transformation rate due to location was 4% in this period. The agreement due to
chance was 8%, because the whole class number was 12. Therefore, the overall proportion agreement is determined by the
agreement due to location.

Key words :transformation matrix;agreement analysis ;landscape dynamic;Kappa coefficient
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Table 1 Contingency table for comparison of two maps, where CJ is class J

1998 = /WA 1988 £E S WA (1988’s Landscape map)

1998’s Landscape map C1 C2 CJ &1 Total
C1 Py Pz Py S;=SUM(P,)
C2 Py Py Py S =SUM(P;))
CJ Py Py, Py Ss=SUM(Py;)
4 it Total R;=SUM(P,) R,=SUM(Ps;) R;=SUM(P,) 1
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Table 2 Proportion correct classification

BRERRESN 5 {7 E 9 BE F1 Ability to keep location
Ability to keep quantity 7 None,NL 4 Medium,ML 524> Perfect, PL
J
JC None,NQ 1/J (1/J)+ K Location X (NQPL—(1/J)) ZMIN((I/J)!R}')
j=1
J JJ
$h % Medium,MQ DS X R P, SIMINCS;,R))
=1 =1
J
524 Perfect,PQ DI(RD PQNL + KLocation X (1 — PQNL) 1
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Table 3 The transformation matrix between classes

1988 4F 1988
?lfi 2 3 4 5 6 7 8 9 10 11 12
1 93.77  6.70 2.52 4.18 0.26 1. 20 1.34 0.52 6.18 61.03 6. 22 93. 38
2 0.76 71.81  0.02 0. 08 0.10 0.08 0. 00 0. 00 0.16 0. 00 0. 00 0. 00
3 2. 66 0.18 96.24  30.12  0.11 0.33 0.59 0.14 1. 77 28. 14 12.49  1.53
4 0.49 0. 00 0. 37 64. 01 0. 02 0. 02 0. 00 0. 00 0.13 0. 00 0. 00 0. 00
1998 5 0.55 19.18 0. 31 0.21 99. 49 0. 28 0.11 0.00 0. 38 0. 00 0. 00 0. 00
6 1.22 2. 08 0.17 0.36 0. 00 98.10  0.52 13.11 0.54 0.58 0. 00 0.27
7 0. 08 0. 00 0.17 0.70 0. 00 0. 00 97. 37 0. 00 0.71 0. 00 0.00 0.00
8 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 86. 22 0. 00 0. 00 0. 00 0. 00
9 0.15 0. 06 0. 11 0.15 0.01 0. 00 0. 01 0. 00 87.63 ‘3. 10 8. 39 4. 81
10 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 6.12 0. 00 0. 00
11 0.32 0. 00 0.09 0.18 0. 00 0. 00 0. 06 0. 00 2.51 1. 04 72.91 0. 00
12 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00

1 #tHb Cultivated land; 2 3 Hh Vegetable plot; 3 #k#h Forest; 4 Biih Grassland; 5 34K Urban area; 6 K #1 /8 R & Rural area;
7 LB F# Mining area; 8 #L3% Airport; 9 7K Water; 10 35#) Reed field;11  ¥PHE Sandy land; 12 ¥ % #1 Marsh
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Table 4 The change of landscape types

B FE e L 420 0 R A — B SRR 2 A — BOHE 2, R B Area (hm”) RIRE
N i N N Landscape type 1988 4F 1988 1998 4E 1998 Range
HEMNZEMESR K Kappa REWL . Kappa FEAIRFM 1 551,19 535. 47 T3.859,
ERTASRFRENVEBEENELBGEK D). 2 10. 43 11. 97 14.77%
KQuantity 37 96. 14 % , RAERZ B B ELILIE 3 445. 25 458.04 2.87%
BT RWERT 3. 86% KRR (55 . BDE AR 3. 86% B : 198 e o zzj
A A o 2 R A 0 SR 15 G R 7 o 0T LS 4L L T 78 ) 5. o1 0515 r 4%
HEME RS 4.96% . BHF EA L ESEME, Wl 7 14. 01 15. 27 8.97%
SEENS I, B L8 B M5O HE K, 3 B0 0L I B A 8 0-51 0-44 —13.78%
28 8 6] 6 25 B LA 9 18. 65 17. 93 —3.85%
10 2.77 0.17 —93.87%

K Location Y7 94. 05% , 3¢ B 75 32 W 1 A1 LG 1 [ <8 B9 1% I 11 0.65 3.24 397.39%

T RUMASEAME LERT 5. 95%MER BIRMP 5.95% 12 0. 62 —100.00%
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Table 5 The values of different Kappa indices

A . - . . . P,—NQML 0.9368—0. 3432 . .
?Sﬁ!ﬁﬁu{ﬂ:,ﬁu%ﬂimﬁ%iIWﬁEJ:%iéB‘?I%,ﬁﬂﬁt POMI—NOML  0-9e0c—0. 3435  KQuantity=96.14%
A KLocation , EH R E S AT ME R T RBIHAZTRF S P,— MQNL 0.9368-0.3384 L . 055
TR L B AR AL IR E A RN R WAL, A KNo # MQPL—MQNL  0.9748—0. 3384 arton=v%. Do
KStandard ,EfIGE&T U LB RBMSH . BERE®E P,—NQNL 0.9368—0.0833 g3 1704

N 1—NQNT 1. 0000—0. 0833 TR
HpZ—sa s, I

,— MQNL 0. 9368—0. 3384

2.3 —EELSH 1-MQNL 1.000—0.338¢  KStandard=90.48%
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New leaves of peanut showed iron chlorosis when grown in the solution with HCO3~ but without iron (middle) and no chlorosis symptoms of peanut when grown in



