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Abstract

This study aimed to identify the wildfire area occurred in 1998, to assess forest recovery and
to analyze the physical factors affected the restoration of national parks and wildlife sanctuaries in
Loei province by using Landsat imagery in time series during 1999-2017. The images collected in
1998 were used to extract wildfire areas using the differenced normalized burn ratio (dNBR) in order
to analyze the forest recovery during 1999 to 2017 with the burn recovery ratio (BRR). Five levels
of BRR were identified including very good, good, moderate, poor, and very poor. The correlation
between the recovery index and physical factors, i.e. rainfall, temperature, relative humidity,
distance from the village, and distance from national park office, was analyzed. The result showed
that the accuracy of wildfire area map was reliable as 86 %. Phu Luang, Phu Rue and Phukradueng
parks were the highest wildfire areas as 2.94, 0.87 and 0.53 %, respectively. The assessment of
forest recovery demonstrated the overall accuracy as 87 %. There was rapidly increase as 43 % in
2011 due to the reforestation activities. The recovery slightly decreased by 14 % in 2002 due to
the El Nino phenomenon. Furthermore, the distance of national park office was higher correlation
(r=0.65) than other factors. This research can be used to plan forest resources management and

to recover deterioration of forest resources.
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Table 1 Collected Landsat imagery in time

series
Satellite data | Day/month/year Periods
Landsat 5 TM | 14 February 1995 | Unburned
Landsat 5 TM 11 April 1998 Burned
Landsat 5 T™M 13 March 1999 Burned
Landsat 5 TM 15 March 2000 Burned
Landsat 5 TM 2 March 2001 Burned
Landsat 7 ETM+| 29 March 2002 Burned
Landsat 5 TM 26 March 2004 Burned
Landsat 5 TM | 28 February 2006 Burned
Landsat 5 TM 5 March 2008 Burned
Landsat 5 TM 25 April 2009 Burned
Landsat 5 TM | 10 February 2011 Burned
Landsat 8 OLI 6 March 2014 Burned
Landsat 8 OLI | 5 February 2015 Burned
Landsat 8 OLI 12 April 2016 Burned
Landsat 8 OLI 14 March 2017 Burned
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Figure 3 Presented recovery area map of Phu Kra Dueng national park

Table 5 Demonstrated recovery area at Phu Kra Dueng

Very good Good Moderate Poor Very poor Total
Years Area (Rai)| % |Area (Rai)| % |Area (Rai)] % |Area (Rai)] % |Area (Rai)] % | Area (Rai) %
1999 259 34 139 18 173 23 127 17 63 8 761 100
2000 273 39 135 19 165 24 56 8 67 10 696 100
2001 264 38 136 20 173 25 50 7 70 10 693 100
2002 213 30 89 12 133 19 143 20 140 19 718 100
2004 307 40 151 20 154 21 98 13 48 6 758 100
2006 302 45 150 22 136 20 39 6 50 7 677 100
2008 299 43 152 22 157 23 37 5 a6 7 691 100
2009 351 50 154 22 125 18 25 4 39 6 694 100
2011 329 a4 157 21 137 18 86 12 35 5 744 100
2014 259 35 120 16 155 21 123 16 91 12 748 100
2015 264 35 132 17 154 20 113 15 91 12 754 100
2016 206 28 128 17 146 20 150 20 104 14 734 100
2017 237 32 143 19 154 21 131 17 82 11 a7 100
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Figure 4 Indicated recovery area map of Phu Suan Sai national park

Table 6 Presented recovery area of Phu Suan Sai

Very good Good Moderate Poor Very poor Total
years Area (Rai) | % | Area (Rai) | % | Area (Rai) | % | Area (Rai) | % | Area (Rai) | % | Area (Rai) | %
1999 - 0 1 0 10 3 68 23 217 74 296 100
2000 1 0 5 2 33 12 110 41 123 45 272 100
2001 1 0 5 2 41 15 114 42 113 41 274 100
2002 = 0 1 0 5 2 39 13 253 85 298 100
2004 1 0 4 1 25 9 110 37 155 53 295 100
2006 = 0 3 1 24 9 78 28 173 62 278 100
2008 1 0 6 2 a4 16 107 39 118 43 276 100
2009 1 0 9 3 a6 17 105 39 106 a1 267 100
2011 4 1 14 5 69 23 131 45 76 26 294 100
2014 - 0 a4 1 23 8 91 30 181 61 299 100
2015 1 0 a4 1 26 9 88 30 174 60 293 100
2016 1 0 3 1 25 9 99 34 161 56 289 100
2017 1 0 3 1 27 9 93 32 167 58 291 100

N
A
3 1>999 002 200 a7

- Very Good B Good Moderate poor I Very Poor

Figure 5 Recovery area map of Phu Ruea national park
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Table 7 Recovery area of Phu Ruea

Very Good Good Moderate Poor Very poor Total
Years Area (Rai) | % | Area (Rai) | % | Area (Rai) | % | Area (Rai) | % | Area (Rai) | % | Area (Rai) | %
1999 12 2 19 3 88 15 147 26 307 54 573 100
2000 16 3 38 7 115 22 120 23 234 a5 523 100
2001 15 3 54 10 126 25 86 17 231 a5 512 100
2002 10 2 8 1 52 9 111 20 382 68 563 100
2004 23 a4 57 10 129 23 178 31 181 32 568 100
2006 20 4 44 9 109 21 132 26 202 40 507 100
2008 24 5 55 11 130 25 127 24 183 35 519 100
2009 a1 8 84 17 169 35 78 16 119 24 491 100
2011 39 7 78 14 147 26 176 31 123 22 563 100
2014 19 3 37 6 118 20 183 33 222 38 579 100
2015 20 4 43 8 119 21 174 31 204 36 565 100
2016 24 a4 53 9 123 22 168 30 199 35 567 100
2017 23 a4 37 6 125 22 173 30 217 38 575 100
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Figure 6 Recovery area map of Phu Kho-Phu Kratae Wildlife Sanctuary
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Table 8 Recovery area of Phu Kho-Phu Kratae

Very good Good Moderate Poor Very poor Total

Years Area (Rai) | % | Area (Rai) | % | Area (Rai) | % | Area (Rai) | % | Area (Rai) | % | Area (Rai) | %
1999 3 3 2 2 17 18 37 37 39 40 98 100
2000 5 6 12 14 25 29 7 8 38 43 87 100
2001 3 3 4 5 27 33 11 13 37 46 82 100
2002 3 3 1 1 8 8 29 29 59 59 100 100
2004 5 5 11 11 28 29 21 22 33 33 98 100
2006 5 6 3 3 28 34 11 13 36 a4 83 100
2008 3 4 11 12 28 32 14 16 32 36 88 100
2009 10 12 30 37 24 29 4 5 14 17 82 100
2011 6 6 19 19 27 28 20 21 25 26 97 100
2014 4 4 6 5 26 25 31 30 37 36 104 100
2015 5 4 8 8 30 30 27 27 32 31 102 100
2016 3 3 3 3 22 22 33 33 38 39 99 100
2017 3 3 6 6 21 22 31 32 35 37 96 100

;\. N
A

< <
1999 2002 2009 2017 ;
B very Good I Good Moderate poor M very Poor

Figure 7 Recovery area map of Phu Luang Wildlife Sanctuary
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Very good Good Moderate Poor Very poor Total
Years Area (Rai) | % | Area (Rai) | % | Area (Rai) | % | Area (Rai) | % | Area (Rai) | % | Area (Rai) | %
1999 566 4 646 5 2,278 17 4,141 32 5,481 42 13,112 100
2000 636 5 835 7 2,476 20 3,282 27 4,877 41 12,106 100
2001 623 5 925 8 2,698 22 3,211 27 4,530 38 11,987 100
2002 416 3 294 2 801 6 2,315 18 9,330 71 13,156 100
2004 781 6 1,013 8 2,473 19 3,873 30 4,768 37 12,908 100
2006 786 7 1,231 10 3,054 26 3,029 26 3,664 31 11,764 100
2008 707 6 1,073 9 2,825 24 3,043 25 4,302 36 11,950 100
2009 910 8 1,066 9 2,444 20 2,636 22 4,864 41 11,920 100
2011 869 7 1,360 11 3,033 23 4,059 31 3,602 28 12,923 100
2014 585 4 702 5 1,955 15 4,220 33 5,725 43 13,187 100
2015 626 5 796 6 2,068 16 4,229 33 5,182 40 12,901 100
2016 549 4 675 5 1,883 15 3,884 30 5,896 46 12,887 100
2017 537 4 692 5 1,975 15 4,145 33 5,539 43 12,888 100

1197



Thai Science and Technology Journal (TSTJ)

Vol. 28 No. 7 July 2020

A v

ad da 1
138 QAWM UarAo-nIun TiuiiAali

) ]
Sevay 88.5, 4.9, 3.9, 2.0 kay 0.7 % A1UAHU
a1nUINAINTINTEINYYE taud n1smves
nsandng mswils wazanmituiidalngilanm
Unduddsds Unuganssu wazUrle vinli
wzenaAnliU uaraniwernefisouaudm
Tuggfou dwmaliiAaliintuvosnds uonani
anvnddgiviliiAnliaguusansziinen

Usingnisalieatily

v
P oA £

N139539TRN AN U NUINEA1IANYNABY

U

15U 87 % lagl w.a. 2554 Tdadun1siuy

3000 88
® o
gzm r = 0.65 - 860 r=0.54 " ° °
&2 = 0. ° o . °
§ gzoco o . 0o = L] §'r ® e % -ﬁ‘. °
; g b 2.9 :‘: a L J :
E 3 1500 Y. .'E' 8 ° °
= & ® o ® = o
€S yo00 R « = 1
g § ° ° ©
w
)
0 s 1 15 2 25 3 35 ” e
BRR (%) BRR (%)
<, 3
r=0.33 ; 2 r= 0.14 "t
~ - . L
% a2 - . % o.o . o -
g ° - . 8 L i
g o =, 2s ° o o® o
- °
& b o .0 “2’ ¢ .
E ° . 5
5 &1 '@ & =
o ) °
BRR (%) BRR (%)
30 - &
r=008 ¢ °*°* °
g ° b e
z| ——
g <
= ° - . K
..
Figure 8 Correlation between BRR index with
BRR (%) physical factors

WnTuNINAga (43 %) iesniifanssudgnin
warUnaU1ve e unanmU1a UL
swinsasvaevivdeyaatianuinisiialii

fd1uuiianas uagt w.a. 2545 ddagiunsiuy

Aeniign (14 %) Wesndinisiialndisuusady

v
[

dnAnuansznuvesUngnsalieatly wasl
W.e. 2558 Ansiiateaiilydnas denasioanin

nsiud [25] Weunendadunisituildenuiiun

= =

ausnYNUIIgNeIUNIIIAYNTE A dRdIUNS

HudoNunuInan 5998901 AD HAD-YNTZUA

v
a P =

D50 QUANI uazEIUNIeldnduNTINUY 77.84,

U U

1198



i 28 avuil 7 nsngrau 2563

215815 memansiasinalulad

40.66, 34.78, 30.71 haz 12.78 % MUAIAU
AANUFNNUSAUTATENIINIBAINNUIN
Hadszezrnaainiinisgneuiianuduiug
Aout19ga (r=0.65) iflesaniiuiifieglndusion
ﬁ@\gnﬁﬁ’lmﬂé’f%'umiqLLaa]'mLﬁ’]’mﬁ'lﬁasJNﬁ”gﬁq
Wl¥nsdafiuiiinlidwduldldeg1esimsa
waziiusyansaw Usinanhdueaduiuginy
nans (r=0.50) inszundutaeainenug sty
Titumsnensualsl Tadudtaglumsiluyuas
SZJ'EJMLL‘UMW%’W‘EJWHTI?IILﬁlmﬂﬂ/ﬁiﬂﬁﬁuﬂlﬁaﬂﬂﬁ

Uszansnw [26]

6. VoLAUDLUY

¥
=~

oyatumaalnUrd w.e.

o
[

ANSANYIASIH

o

¥ '

2541 WagIATIEnTNUNT WA, 2542-2560 il

Annuaniun1sainsiuyvesiuidald awwnse
&) v @ (Y] 61 4
Jugudeyalunismaunudanisniseusnyiild
Tiauysal aswialuasinisaianisainsiuyy
Mhldnnisifalidiiionununisinaugua

ShwanugauauysaiUalyd

7. References
[1] Kirdnuan, R., 2001, Forest Fire Controlling
of People in the Buffer Zone of Jae Son
National Park, Chiang Mai University,
Chiang Mai, 115 p. (in Thai)
Jonboonreang, P., 2006, Media Exposure,
Knowledge, Conciousness and Participa
tion of the People in the Loei Province in
Conservation of the Reserved Forest, Loei
Rajabhat University, Loei. (in Thai)
Boonchai, S., 2006, Thailand Geography,

Bangkok, 334 p. (in Thai)

1199

Brown, A.A. and Davis, K.P., 1973, Forest
Fire Control and Use, McGrew-Hill, Inc.
Canada, USA.

Loei Forest Fire Control Station, 2011,
Information about Forest Fire, Available
Source: https://oeiforestfire.wordpress.co
m/enszth3iAeafulaiin, March 6, 2018. (in
Thai)

Udomsilp, A., Wiwatwitt, D. and Kaitpra
neet, S., 1998, Effects of forest fire on soil
arthropods at Phu Kradung national park,
Thai J. For. 17(1): 8-17. (in Thai)

Saksit, P. and Wiwitkunkasem, K., 2014,
The Relationship of the Topography and
the Forest Fire Management of Authorities

in Chiang Rai Affects the Configuration of

Forest Fire Controlling Tools, King
Mongkut's  Institute  of  Technology
Ladkrabang, Bangkok. (in Thai)

Ministry —of Natural Resources and

Environment, 2014, Wildfire and the
Consequences, Available Source: http://
pr.prd.go.th/nan/ewt_news.php?nid=195
7&filename=ov, February 2, 2018. (in Thai)
Royal forest department, 2014, Effects of
Wildfire, Available Source: http://www.fo
rest.co.th/ wildfire/index, March 5, 2018.
(in Thai)

Meteorological Department, 2017, Loei
Meteorological Department, Meteorologi
cal Center, Available Source: http://cli
mate.tmd.go.th/data/province/pdf, March

1, 2018. (in Thai)



Thai Science and Technology Journal (TSTJ)

Vol. 28 No. 7 July 2020

[11] National Park, Wildlife and Plant
Conservation Department, 2017, Strategy
to Improve Forest Fire Problems 2017,
Ministry of Natural Resources and
Environment, Bangkok. (in Thai)

[12] Khumsaprom, P. and Pattaratuma, A,
2004, People participation in forest fire
control surrounding Phu Ruea national
park Loei province, Thai J. For 23(2): 169-
182. (in Thai)

[13] Senivongs, P., 2011, We Prepared for the
Disaster Occurrence, Available Source:
http://www.openbase.in.th/node/14841,
March 1, 2018. (in Thai)

[14] Chompuchan, C. and Lin, CY. 2017,
Assessment of forest recovery at Wu-Ling
fire acars in Taiwan using multi-temporal
Landsat imagery, Ecol. Indicat. 79: 196-
206.

[15] Duangyiwa, C., 2009, Dynamic Behaviors
of Forest Fire in Upper Nan Wastershed
During 1999-2007, Doctoral Dissertation,
Chulalongkorn  University, Bangkok. (in
Thai)

[16] United States Geological Survey, Earth
Explorer, Available Source: https://earth
explorer.usgs.gov, May 2, 2018.

[17] Dechaphongthana, W., Karnchanasutham,
S., Nualchawee, K. and Intarawichian, N.,
2017, Estimation of land surface
temperature of land using satellite data,
Thai Sci. Technol. J. 25(3): 377-387. (in
Thai)

1200

(18]

(21]

(23]

(24]

Boonyanuphap, J., 2015, Canopy Rainfall
Interception and its Ecological Valuation
in the Upstream Area, Naresuan
University, Phitsanulok. (in Thai)
Geo-Informatics and Space Technology
Development Agency (Public
Organization), 2015, Material of Using
Geoinformatics to Monitor Forest fire and
Smoke,  Ministry of Science and
Technology, Bangkok. (in Thai)

Humboldt state University, 2015, Learning
Module 5.1 Image Enhancements (Part II),
Available Source: http://gsp.humboldt.
edu/olm_2015/Courses/GSP_216_Online/
lesson5-1/NBR.html, April 2, 2018.
Geo-Informatics and Space Technology
Development Agency (Public Organiza
tion), 2016, Conclusion of Forest Fire and
Smoke Situation from MODIS Satellite
Image and Barned area from Landsat 8
Image in 2015, Ministry of Science and
Technology, Bangkok. (in Thai)
Maneechot, S., Mongkolsawat, C. and
Charuppat, T., 2011, Evaluating satellite -
derived data for mapping wildfire area, J.
Remote Sens. GIS Assoc. Thailand 12(1):
35-55. (in Thai)

Yotongyos, M. and Swasdison, P., 2001,
Defined Sampling Data for Research,
Academic Services Center, Institute of
Research  Promotion and Innovation
Development. (in Thai)

Kasetsart University, 1999, Mathematics



U 28 aviuil 7 nsngIAN 2563 M5a15Inermansuazinalulad

and Computers in Everyday Life, Available Irrigation Department 54(1): 66-69. (in
Source: https://web.ku.ac.th/schoolnet/s Thai)
net2/knowledge math/relation/relate2b. [26] ChindaSanguan, L. and Maiklad, P., 1988,
htm, April 10, 2018. (in Thai) Water resources development for

[25] Kongjun, T., 2011, El Nino and La Nina agriculture, Thai Junior Encyclopedia
phenomenon in Thailand, Office of Water Project by Royal Command of H.M. the
Management and Hydrology, Royal King 12(1): 271-286. (in Thai)

1201





