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Using remote sening to monitor the landuse change of
hillside agriculturein Taimali
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Abstract

Agriculture plays a strategic role in the procebsanomic development of a
country. More mountains with less plain to cultevaind high population density
result in high demands for hillside developmenTamwan. However, these hillside
development could increace the vulnerability andhgehigh risk region of landside
under extereme precipitation. This study used sugedt classification to monitor
long-term landuse change of Taimali in Taitung dage SPOT satellite images in
1994, 2009 and 2017. We also used historical dis&stents during 2005-2016 to
evaluate the effects of landuse and land coverisaster. The results showed that
the area of agriculture was decreased during 1989-2nd 2009-2017, while the
area of bare agriculture and forest were increaSethpared to the landuse in 1994,
the extent of agriculture and bare agriculture 002 and 2017 were gradually
spreaded into the high-elevated hillside with fragated landscape, which could
enhance the habitat fragmentation of forest. ThedHrelated disasters were majorly
located along the river in 2009 and 2017, but thisidhe-related disasters were
spreaded into the high-elevated hillside and w@la@verall, our study showed that
there still has gap between the development andagement in the hillside, and
how to make the appropriate rules to manage landnddand cover in the hillside
is important for government to reduce vulnerabiithd matain sustainability.
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Figure 1. The study areain Taimali based on SPOT satelliteimagein 2017.
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Figure 2. Using maximum likelihood classification to classify the landuse and land
cover of 1994, 2009, 2017 images. The unclassified class was the cover of cloud.
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Table 1. Confusion matrix of 1994 image for accur acy assessment with unit of
thousands pixelsusing land use classification from first national territory use
investigation in 1993-1995.

Ground Truth
Class Sand Building Forest  Water  Agriculture UserAcc.(%)
- Sand 15 1 11 9 3 38.06
% Building 52 12 1 1 7 55.18
H% Forest 3 0 696 6 89 87.68
O Water 1 0 1 10 4 61.25
Agriculture 1 4 157 7 247 59.42
Prod. Acc. (%) 76.97 69.28 73.67 29.32 64.58
Overall Acc. (%) 70.08
Kappa 0.440
Table 2. Confusion matrix of 2009 image for accur acy assessment with unit of
thousands pixels using land use classification from second national territory use
investigation in 2006.
Ground Truth
Class Sand Building Forest Water  Agriculture UserAcc. (%)

- Sand 253 19 20 290 16 42.31
% Building 14 283 119 51 202 42.26
H% Forest 13 15 14374 52 760 94.48
O Water 46 17 82 97 63 31.81
Agriculture 53 125 2480 144 2413 46.27

Prod. Acc. (%) 66.27 59.72 78.36 15.09 61.90
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Table 3. Confusion matrix of 2017 image for accuracy assessment using in-situ
ground truth datain 2017.

Ground Truth

Class Sand Buildin Forest Water Bare Agricult Total User
g agricultur ure Acc.
e (%)
Sand 4 1 0 0 1 0 6 66.67
S Building 1 23 0 0 3 1 28 82.14
§ Forest 0 0 15 0 0 1 16  93.75
'
&8 Water 0 0 0 2 0 0 2 100.00
@)
Bare 1 5 1 0 30 0 37 81.08
agriculture
Agriculture 0 0 7 0 2 17 26 65.38
Total 6 29 23 2 36 19 115
Prod.Acc. 66.67 79.31 65.22 100.00 83.33 89.47
(%)
Overall 79.13
Acc. (%)
Kappa 0.729
N L)L
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Table 4. Change detection between 1994 and 2009 classified images

Initial state — 1994 (kA)

Class

Water Sand Build Forest AgriculturBare-agriculture
cg Water 0.26 0.59 0.08 0.32 0.53 0.32
% Sand 0.75 3.93 0.06 0.09 0.27 0.33
I Build 0.15 0.27 1.05 0.42 1.62 1.06
c_f Forest 0.05 0.08 0.07 80.90 14.36 1.04
LEL Agriculture  0.34 0.28 0.51 10.48 18.73 3.46
Bare- agriculture  0.16 0.11 0.56 1.50 7.67 1.94
Class changes 145 133 1.28 12.81 24.45 6.21
Image Difference 0.39  0.17 224 279 -9.38 3.79

Table 5. Change detection between 2009 and 2017 classified images

Initial state — 2009 (kA)

Class Water Sand Build Forest AgriculturBare-agriculture
@ Water 0.24 0.44 0.13 0.09 0.32 0.14
= Sand 073 429 061 0.0 0.71 0.43
Z Build 0.13 0.17 1.44 0.11 0.73 0.55
c_is Forest 0.37 0.08 0.31 85.66 12.82 0.99
"-% Agriculture 0.38 0.10 1.00 8.70 13.45 5.08
Bare- griculture  0.25 0.14 1.17 1.83 6.18 4.85
Class changes 1.86 0.93 3.22 10.83 20.76 7.19
Image ifference -0.74 1.65 -1.53 3.74 -5.50 2.38
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Table 6. Change detection between 1994 and 2017 classified images

Initial state — 1994 (kA
Class Water Sand Build Forest AgriculturBare-agriculture
£ Water 0.18 0.44 0.03 0.12 0.39 0.19
g Sand 1.02 4.02 0.21 0.13 0.94 0.73
(Q\]
q') Build 0.07 0.20 0.85 0.12 0.99 0.82
©
% Forest 0.10 0.11 0.08 81.07 17.11 1.34
=
L Agriculture 0.17 0.24 0.52 9.45 15.26 2.81
Bare- agriculture  0.17 0.18 0.65 2.54 8.45 2.24
Class changes 153 1.17 1.49 12.36 27.88 5.89
Image
. -0.36 186 0.71 6.38 -14.69 6.10
Difference
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Figure 3. Thetemporal patternsof cultivated area during 1992-2016 in Taitung

county.
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Figure4. Thetemporal patternsof cultivated area during 2003-2016 in Taimali
and Jinfong townships.

- KEIMUS W

7

AR > Y N R HY B S B R R AR E » (B15 SEFE RS 5389 A dn (5
CHEOPHRA IR Z BB » 11 KBRS AR B - B AR Rl &
TR - BRI 7 4 S Ry B - R AU LE S - o3 AR B F %
SRR » E 2005-2016F SEEF(F o SEFEHCIR Folie B T bl Fr S 2 SEFE
EHLIAATT (75 0F) ~ 82218 (53 1F) ~ /KK (37 7F) ~ iEps gttt (28
)~ i (17 1)~ KYISAE (4 1F) ~ JoKERgizE (4 1) - 183 (1
) FEFRIRE - HCREERTS 2005 £ Z gy K ERAIE R - EREEM
2005 % 20084E[HHY S E R ERL > 28K FREAL AL 19944 + HU A 1BBE
HEyN o ByPE L K E TR AEE o VIR K ETE RS AL
HEAFSHIRM ~ 0 B (8 5) > BUE RN Ry AT ARV 26 > R0
K~ DURCGERS ~ TGER ~ $225248 » #E—20 0 20094 57 v i S Ay 2R S
FH L 2009 4F L MU A [ EEf: - 38R K F AR B E Rz > KEMBHEEL
SOWMERISF o3 AT » TR 2T E B A Ak EL A 2% 2 T K S
TEACR - (ERiszith SEEM S - BRMERISFIN - EERARIR - 4REE et B
Bt b TR ERAYSAE I o BN ERL S ESERA E ERRKEE - FTiGEHY
KERNIEEE 99(E > HKFHREMERZ - o FRNEE /AR~ +a



I P8 R (6 o T R L 6 L 137 3t e S 88 8 B 9

L~ OKSE S S S~ RGER ~ IEIES S - FPKREIZARE - /£ 2010 £ 2016
S ERM AR L 2017 LR R B LR - SEFRER T RI5551 > /K EAEREHY
SEBWAEILE AR I % 3R - sl SEF A3 AR (B R A LI B
SRR ERHI SRR | BURKEFEA SR AN ECE iR E B Ay )i

A SEERIHTT o IR RN S RG240 KBRS » B A
AR~ KK R R IRE KE -

1994 1 Uncla ssified 2009 | 2017
[ Ocean
B Building

¢ Landslide-related disasters ] Water N

4  Flood-related disasters I Sand
[ Bare agriculture

— | Agriculture
I Forest

Figure5. Theclassified imageswith disaster location in 1994 (disaster period:
2005-2008), 2009 (disaster period: 2009) and 2017 (disaster period: 2010-2016).
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