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Application of SWAT Model for Spatial Runoff Analysis

from Land Use Change in Nam Mae Suai Sub-Watershed, Chiang Rai Province
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ABSTRACT

The Nam Mae Suai sub-watershed has water resource problems, including flooding and water scarcity every
year. Consequently, the amount of water flowing into the Nam Mae Suai Reservoir may fluctuate due to land use
changes in the past. Therefore, the Soil and Water Assessment Tool (SWAT) model was applied to assess the mean
runoff and to analyze the water balance from the land use change effects from 2013 to 2018. The results showed
that the SWAT model was effective in runoff assessment and water balance analysis for the Nam Mae Suai
sub-watershed. The results of model calibration gave values for the coefficient of determination (R*) of 0.80,
the Nash-Sutcliffe efficiency (NSE) of 0.76 and the percentage bias (PBIAS) of -9.2. It was found that between 2013
and 2018, there was a decrease forest area of 2.9 percent, converted to agricultural and residential areas, causing
the average annual runoff to decrease by less than 1 percent. So, it can be observed that the amount of runoff
during the dry period decreased by approximately 2 percent, especially at the end of the rainy season from
October to December, due to decreasing rainfall, and reduction of forest areas into agricultural areas, causing water
loss from evapotranspiration to increase by 2 percent. This causes the soil water storage and streamflow to
decrease and the water yields also only slightly decreased. It can be concluded that the runoff volume and water
balance of Nam Mae Suai sub-watershed slightly decreased from land use changes. (Overall decreased by no more
than 2 percent)

Keywords: Land use change; Nam Mae Suai sub-watershed; Runoff; Water balance; SWAT model
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Figure 1 Topography of Nam Mae Suai sub-watershed.
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Figure 2 Conceptual framework of runoff analysis.
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Table 1

Table 1 General performance ratings for recommended statistics in monthly

Performance Rating (Stream flow) NSE PBIAS (%)
Very good 0.75 < R?2 < 1.00 0.75 < NSE < 1.00 PBIAS < 10
Good 0.60 < R2 < 0.75 0.65 < NSE < 0.75 +10 < PBIAS < £15
Satisfactory 0.50 < R?2 < 0.60 0.50 < NSE < 0.65 +15 < PBIAS < 25
Unsatisfactory R? < 0.50 NSE < 0.50 PBIAS > +25

Remarks: R? is coefficient of determination (Fernandez et al., 2005), NSE is Nash-Sutcliffe efficiency (Moriasi et al.,

2007) and PBIAS is percent bias (Moriasi et al., 2007).
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Table 2 Sensitive parameters obtained from SWAT-CUP used for model.

No. Parameter Definition Optimal value  Min Max
1 CN2mst Curve number 0.0908 -0.2 0.2
2 ALPHA BF.gw Baseflow alpha factor (1/day) 0.0865 0.05 0.1
3 GW_DELAY.gw Delay time 435.30 30 450
4 ESCO.hru Soil evaporation compensation factor 0.413 0 1
5 GW_REVAP.gw Groundwater "revap" coefficient 0.0558 0.02 0.2
6  REVAPMN.gw Threshold depth of water in shallow aquifer for 445 0 1000

"revap" or percolation to deep aquifer to occur
(mm H,0)
RCHRG_DP.gw Deep aquifer percolation fraction 0.637 0 1
8  SOL AWC.sol Available water capacity of soil layer (mm 0.129 0 1
H,O/mm soil)
9  SOL Kol Saturated hydraulic conductivity (mm/hr) 22 0 2000
10 CH K2rte Effective hydraulic conductivity in main channel 493.5 200 700

alluvium (mm/hr)
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wRTUNNAT PValue AfiATndaug wazan ttest Af
A1898A (Sahu et al, 2016) TAUNUI1 HANISUTULTTBY
wUUINaeelAn R, NSE way PBIAS AU 0.80, 0.76 wag
-9.2 MUAIRY wanEINan1sAIuIAT Ld91nuuUsIaes

SWAT fisgauanuuiiieiialuszaufunn (very good) uay

wandliiuInusunanisivaannuuudiaes (simulation
runoff) 4A11ANTINIIUTUIUNITIHNAaRINA1TATIIA
(observed runoff) 1laviin1susuiiisvauliaadinis
naaeud A gaudd shuuuiassiiadied uluring
ASIAOUAINYNFBA (validation) veanuuTaetaztly
UszifiuUSunaninyia wansuuiisutaznisnsivdaeu

AINUYNFBIVBILUUTIADIR Figure 3
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Figure 3 Results of calibration and validation using SWAT.
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Table 3 Simulated water yield and runoff in 2013 and 2018.

Simulated water yield

Simulated runoff (m?/s)

Rainfall Based on land use Based on land use
Month Based on land Based on land
(mm) in 2013 in 2018 ) )
- P - 0o use in 2013 use in 2018
January 30.5 33.1 12.7 324 124 2.3 2.2
February 12.1 27.7 10.6 27.2 10.4 1.9 1.9
March 29.1 32.5 12.5 31.9 12.2 1.7 1.6
April 93.9 46.4 17.8 45.9 17.6 1.7 1.6
May 134.7 81.5 31.2 80.9 31.0 2.4 2.4
June 132.9 90.9 34.9 90.4 34.7 3.6 3.6
July 2458 148.8 571 148.5 57.0 4.4 4.4
August 281.4 200.1 76.7 199.8 76.6 6.9 6.9
September 258.1 188.0 72.1 187.6 72.0 9.4 9.3
October 87.4 72.4 27.8 71.6 274 6.9 6.9
November 82.5 66.3 25.4 65.5 25.1 4.9 4.9
December 20.4 36.8 14.1 36.1 13.9 3.4 34
Wet period 1,140.4 781.7 299.8 778.9 298.7 5.60 5.58
Dry period 268.4 242.8 93.1 238.8 91.6 2.65 2.60
Total 1,408.8 1,024.4 392.9 1,017.7 390.4 4.13 4.09
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Figure 4 Spatial runoff distribution maps for Nam Mae Suai sub-watershed in 2013 and 2018.
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Figure 5 Changes in sub-basin water flow volume due to land use change from 2013 to 2018.
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Table 4 Effect of land use change on surface runoff and evapotranspiration.

Area (km?) Surface runoff (mm) Evapotranspiration (mm)
Land use types
LU 2013 LU 2018 LU 2013 LU 2018 LU 2013 LU 2018
Field crop 125.6 132.8 530.6 531.8 461.1 461.2
Deciduous forest 223.6 208.9 291.1 290.9 328.8 328.7
Orchard 20.1 6.9 295.9 330.4 479.5 482.1
Perennial crop 14.2 34.8 298.5 273.2 516.7 514.9
Paddy field 0.1 0.09 419.5 419.6 499.3 498.7
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Table 5 SWAT model simulation of water balance ratios.

nMsmestveseUsaruidaduinduandesay 27
Wudesay 28 LLamﬁaﬁﬂﬁqﬁyl,ﬁsﬂfwmﬂﬂﬁmaimwa
\indusa Table 5

dledinszsiaunainlaernlufu (soil water) 57y
ﬁ'm}’lmaimwﬂ (evapotranspiration) LLa%NaN’SWi}W
(water yield) 1A uUSuUNY (precipitation) (Moriarty

et al., 2007) lonan1siAsIzsiag Table 6

LU 2013 LU 2018
Water balance

ratio % ratio %
Streamflow/Precipitation 0.6 60 0.6 60
Baseflow/Total flow 0.56 56 0.56 56
Surface runoff/Total flow 0.44 a4 0.44 a4
Percolation/Precipitation 0.18 18 0.18 18
Deep recharge/ Precipitation 0.13 13 0.12 12
Evapotranspiration/Precipitation 0.27 27 0.28 28

Table 6 Water balance summary from SWAT model.

Precipitation Soil water (mm)

Evapotranspiration (mm)

Water yield (mm)

Month
(mm) LU 2013 LU 2018 LU 2013 LU 2018 LU 2013 LU 2018

January 30.5 55.6 55.2 18.9 19.0 33.1 324
February 11.8 39.8 39.5 225 22.92 271.7 27.2
March 29.1 27.9 27.6 28.7 28.5 32.5 31.9
April 93.9 48.3 48.2 40.4 40.6 46.4 459
May 134.7 57.2 57.1 52.1 52.7 81.5 80.9
June 132.9 61.8 61.6 39.3 39.6 90.9 90.4
July 245.8 78.6 78.6 36.0 36.7 148.8 148.5
August 281.4 76.7 76.7 38.3 39.3 200.1 199.8
September 258.1 75.5 75.4 377 39.0 188.0 187.6
October 87.4 66.7 66.4 338 35.1 724 71.6
November 82.4 67.6 67.1 24.0 25.1 66.3 65.5
December 20.4 56.9 56.2 15.4 16.1 36.8 36.1
Wet period 1,140.4 416.6 415.8 237.1 242.4 781.7 778.9
Dry period 268.2 296.0 293.8 149.9 152.3 242.8 238.9

Total 1,408.5 712.6 709.6 387.0 394.7 1,024.4 1,017.7
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ABSTRACT

The physical and mechanical properties were compared of Leucaena leucocephala (Lam.) de Wit wood
from three zones (forest, nearby building, and nearby reservoir) on the Maejo University Phrae Campus to assist in
identifying ways to utilize this Invasive plant species. The physical properties of samples investigated were the
moisture content and specific gravity, while the mechanical properties were the modulus of rupture (MOR),
modulus of elasticity (MOE), compression parallel to grain, compression perpendicular to grain, hardness and
shearing stress parallel to grain. The sample from the forest zone had the values for the moisture content of
25.70+1.32% and for the specific gravity of 0.63+0.03, for the MOR of 115.75+4.35 MPa, for the MOE of
10,055.09+27.55 MPa, for compression parallel to grain of 55.93+2.46 MPa, for compression perpendicular to grain
of 6.03+0.62 MPa, for hardness of 4,217.30+43.67 N and for shearing stress parallel to grain of 20.82+1.02 MPa.
Keywords: Leucaena leucocephala wood; Maejo university Phrae campus; Mechanical properties; Physical

properties; Zone
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e

Figure 1 Leucaena leucocephala tree sample locations in each zone: (A) forest, (B) nearby building and (C) nearby

reservoir
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Table 1 Moisture content and specific gravity of Leucaena leucocephala wood samples by zone.

Zone Moisture content (percentage) Specific gravity
Forest 25.70£1.32 0.63+0.03
Nearby building 27.42+0.84 0.60+0.02
Nearby reservoir 28.95+1.20 0.57+0.07
Average 27.36+1.12 0.60+0.04

Remarks: Values are mean+standard deviation (SD)
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Table 2 MOR, MOE, compression parallel to grain, compression perpendicular to grain, hardness and shear of

Leucaena leucocephala wood samples by zone

Compression

Compression

Shear
Zone MOR (MPa) MOE (MPa) parallel to perpendicular Hardness (N) (MPa)
MPa
grain (MPa) to grain (MPa)
Forest 115.75+4.35° 10,055.09+27.55™ 55.93+2.46" 6.03+0.62"™ 4,217.30+43.67™  20.82+1.02°
Nearby b
108.72+4.82 10,032.08+33.41™ 53.66+2.72" 6.05+0.31™ 4,236.68+40.45™  19.24+1.16%
building
Nearby
102.73+2.09° 10,020.36+14.07™ 53.62+2.00™ 5.99+0.44™ 4,191.04+60.97™  17.62+1.82°
reservoir
Average 109.07+£3.75 10,035.84+25.01 54.40+2.39 6.03+0.45 4,215.00+48.36 19.23+1.33

Remarks: Lowercase superscripts (a, b and c) indicate significant (p<0.05) differences between MOR and shear; ns

indicates not significant (p>0.05) differences between MOE, compression parallel to grain, compression

perpendicular to grain and hardness based on ANOVA, followed by Duncan’s new multiple range test
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Table 3 Statistical analysis of MOR, MOE, compression parallel to grain, compression perpendicular to grain,

hardness and shear of Leucaena leucocephala wood samples by zone

Parameter Group Sum of squares df Mean square F p-Value
Between group 424.428 2 212.214 13.685 0.001
MOR Within eroup 186.084 12 15.507
Total 610.512 14
Between group 3,121.887 2 1,560.943 2.259 0.147
MOE Within group 8,291.390 12 690.949
Total 11,413.277 14
Compression  Between group 17.478 2 8.739 1.501 0.262
parallel to Within eroup 69.878 12 5.823
grain Total 87.356 14
Compression  Between group 0.009 2 0.005 0.021 0.979
perpendicular  Within group 2.660 12 0.222
to grain Total 2.669 14
Between group 5,247.403 2 2,623.701 1.084 0.369
Hardness Within group 29,044.027 12 2,420.336
Total 34,291.430 14
Between group 25.665 2 12.833 6.789 0.011
Shear Within group 22.682 12 1.890
Total 48.347 14
dsu wild-uns wauwsziesd Aefutoyalunisienuide
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Recreational Value of Namtok Sam Lan National Park, Saraburi Province
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ABSTRACT

The socio-economic characteristics of tourists visiting Namtok Sam Lan National Park, Saraburi province were
investigated and the recreational value was evaluated based on the zonal travel cost and the individual travel
cost methods. Data were collected from 400 tourists who traveled to the Namtok Sam Lan National Park during
January-April 2022. The descriptive statistics were applied including the frequency, percentage, minimum and
maximum numbers in each tourist group, in conjunction with stepwise multiple regression analysis at the 0.05
significance level.

The results showed that the average age of the tourists was 40.42 years and the majority were female
(51.25%). Most tourists were at the educational level of a bachelor’s degree (63.75%). The main tourist occupation
was private company/employee (37.00%) with the average salary for the respondents being 36,030.13 baht/month.
Most visitors were first-time tourists (59.25%), while 87.75% came for recreational purposes. Furthermore, 72.00 %
of the tourists traveled with their families, with the average number of people per group being 3. Most of the
respondents (96.50%) traveled using personal vehicles and 94.75% intended to come back to the park again. The
recreational value of the park based on the zonal travel cost method was 16,119,850.05 baht/year. Overall, the
number of tourists visiting was related to their trip expense with the total individual travel cost was 33,624,910.30
baht/year. The other factors relating the number of tourists to the national park were travel distance and age of
tourists.

Keywords: Value; Recreation; Namtok Sam Lan National Park
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0.50, 0.25 wag 0.25 MUAIAU LazdRIINISUILUNUINIG
YosUszrnslunnazunaaUsz1ns 1,000 au Tuszezian
1Y wuin e 1 ﬁmnﬁqmﬁa 532 A%3 uavium 5 ﬁaaﬁqm
0.04 A3s (Table 1)

2. AlddeTunisdiunie (TC) vesdnvieudiesly
wAaziom wuln dnvieadieafisneinand 1 daalddne
(TC) Gil’wqm Wiy 764.64 vnseay wariinvieafieadiun
MRl 7 SlAldane (TC) gean windu 206094 vmsenau
(Table 2)

3. Jadenruasugianazdeani S8 vsnade
n1saadulannil srveadnyie i 89 e §m31N150
HuUNWIN1T siauszrIns 1,000 au Tuszeziial 1 U v94
usaziun (Q) Hiestadeifn As ArlgarglunisiAumig
\nd veenguiieg1ainvieaii saainusaziun (TC)

A o Y ad o

NydRYNINEnANIZAY 0.05 feauns (9) (Table 3)

ln Q = 21.429 — 3.184 In(TC) (9)

Table 1 Recreation rate per 1,000 people per year for Namtok Sam Lan National Park.

Zone Population* Sample size Average number of Recreation rate per
Py V) traveling days (D)) 1,000 people per year (Q)
1 17,917,998 362 2.20 532
2 6,933,399 23 3.00 1.19
3 10,240,965 5 3.20 0.19
4 6,792,168 a4 2.50 0.18
5 6,552,555 1 2.00 0.04
6 5,377,840 2 2.00 0.09
7 4,354,847 1 2.00 0.08
8 8,001,667 2 2.00 0.06
Total 66,171,439 400
Remark: N = 47,834 (National Parks Office, 2022), n = 8
Source: *Department of Provincial Administration (2022)
Table 2 Average trip expense by tourists visiting Namtok Sam Lan National Park in each zone.
Zone Trip expense (baht/person/time)
Travel cost (round trip) Other costs Total (TC)
1 377.03 387.61 764.64
2 684.48 432.33 1,116.81
3 720.79 461.82 1,182.61
4 713.62 556.11 1,269.73
5 424.06 681.82 1,105.88
6 450.91 611.25 1,062.16
7 1,310.94 750.00 2,060.94
8 810.46 1,045.83 1,856.29
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Table 3 Parameters for equation relating recreation rate of 1,000 people to average trip expense.

Independent variable Coefficient t p-value
Constant 21.429 3.965%* 0.007
In(TC) -3.184 -4.264** 0.005
F = 18.184%** p-value = 0.005 R® = 0.7520
Remark: **Significance level at 0.05 R’ is coefficient of determination
910 Table 3 Wyl A1 F Wiy 18.184 §1A1 p-value nMsiumLeavesinviesiisuiivtuvieanas Sesay 1
WInAU 0.005 %aﬁﬂ'ﬂfiaaﬂﬁwmﬁaﬁﬁmwaﬁﬁﬁﬁmum LN MIONIINSUTUNUINISABUTEINT 1,000 AU AN
Ao 0.05 wanIFnlsdassilanuduiusiuiuUsniu ety Yovay 3.186
A R iy 0.7520 uamadn avldanelunisifuniaads 4. n3afraduguasd s1ueen13uvi a9 69
yosinvieuiieranunsaesuiemuuUsRuves SR IINIsI wanuavessznsvlalnetinannaunisaaduiug
Tununmsle Sesas 75.20 wavdufivaesniosay 24.80 FENININTINTUILUNUINITVOIUTZUINT 1,000 AU (Q)
fisvsnamnansuUsauildlsvmnfansan wasdnsnis FuAldg1elunisiiunie (TC) vesdnvieaiien fe
UUUNUINTTVBIUTEVINT 1,000 AU TANUFURUS LU Usz91ns 1,000 au Tunsazian (A vl oauufinisiiiy
unfufuAldanglunsiumaaisvesninveadies Tned Arldsgluniniumaiudu ) Ses 9 AUTNIINTG
AduUsEaNS WAy -3.184 naade il edldanely vieadienlundaziumyiniu 0 Teuads Table 4

Table 4 Recreation rate change associated with increased trip expense.

Travel cost Recreation rate for increased trip expense divided by zone
increase (times)
(baht) Zonel Zone 2 Zone 3 Zone 4 Zone 5 Zone 6 Zone 7  Zone 8
0 1.3352 0.3996 0.3330 0.2656 0.4124 0.4689 0.0568 0.0792
5 1.3078 0.3940 0.3286 0.2623 0.4065 0.4619 0.0563 0.0785
10 1.2811 0.3885 0.3242 0.25%90 0.4007 0.4551 0.0559 0.0779
9,000 0.0004 0.0003 0.0003 0.0003 0.0003 0.0003 0.0002 0.0002
10,000 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
15,000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
5. s auaddunsiumavieniien Aldsnefintuluseiusing 9 (i) wanawana Table 5 &
aneuuisnAiananuvduivasluusasion o sed Hugasing 9 vuduguasdrnvesinvieaiie Tagluusiay
Aldsreitenni (z) Alfautudos q uazsmdaund uinanAldtsaun Al ATl usiay sy

TunstAunsuviond FJ’J‘EJENUiS‘U’]ﬂiﬁ]’]ﬂVlﬂL‘UG] (M
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Table 5 Trip frequency for increased trip expense.

Travel cost

Trip frequency for increased trip expense divided by zone (baht)

increase Zone Zone Zone Zone Zone Zone Zone Zone Total
(baht) 1 2 3 4 5 6 7 8
0 23,924 2,771 3,410 1,804 2,702 2,522 247 634 38,014
5 23,433 2,732 3,365 1,782 2,664 2,484 245 628 37,333
10 22,955 2,694 3,320 1,759 2,626 2,447 243 623 36,667
9,000 7 2 3 2 2 2 1 2 20
10,000 4 1 2 1 1 1 1 2 13
15,000 0 0 0 0 0 0 0 0 0

6. Anmiluiildiduguasd (Figure 1) fiudild
\dugUashuansfayaraiilafiosdnevesinviosilen
Wi 11 um‘”qLﬁ‘umaaa;mmuLLM’qm@TJ’mﬂamwﬁuLﬁa
Jununsusenisvieaiien Imai%ejmﬁwmmmﬁuﬁmu
nanauIAiln NM3UTEULaAMTUNUINTYRIENYY
wienithanaumdulne3sanal9aelunisiiumauy
wULaiAIAY 16,119,850.05 U (Table 6)
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Aunisanerluas et @19le9a1nn st UsEleyunIg
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Figure 1 Demand curve for recreation in Namtok Sam Lan National Park by ZTCM.
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Table 6 Recreation value of Namtok Sam Lan National Park calculated using area under demand curve.

Trip expense Recreation value based on area under demand curve area (baht)
(baht/people/day) Square area Triangle area Total area
0-5 186,663.15 1,703.33 188,366.48
6-10 183,337.45 1,662.85 185,000.30
11-15 180,093.90 1,621.78 181,715.68
28,001-9,000 20,400.00 3,905.00 24,305.00
9,001-10,000 13,230.00 3,585.00 16,815.00
10,001-15,000 0 33,075.00 33,075.00
Total 14,379,056.35 1,740,793.70 16,119,850.05
miUi::Lﬁugaﬁﬁﬁuwmmsmaqumuummﬁﬁﬂmnmu s AU 92T g neuuissAtianaundues
vay Ing3sAndlddelunmsiiunisvasyana tviondleusazyaea (v) wuih Yedeiifnaroduuads
1. mMslesesidadeidsninadonisdadula Tumaiiumanvieaiieafigneruuvisiianarmdy
Lﬁu‘wwmm'aaL‘Vld'snﬁqwmuummﬁﬂfmmamwé’u (V) Ao EJ’]EJ“UEN‘I:!'ﬂVfENL‘I/]dIEJ’J i (A) S28¥N1991NT N
TnefAnuiadefinininaeiidnsnadenisdadulaifiuma gneuu s tianaund uesinreadien i (L) uas
uniisavesdnieuiisausazyana fusiuauadsly Afldarelumsimvioaiinvesinvioaiien i (TC) (Table 7)

Table 7 Regression equation coefficients for number of visits and independent variables based on individual travel

cost method.

Independent variable Coefficient t p-value
Constant 2.809 5.737%* 0.000
A 0.038 3.663%* 0.000
L -0.008 -5.022%* 0.000
TG -0.001 -3.251%% 0.001
F = 23.392** p-value = 0.000 R’ = 0.151 Adj R? = 0.144
Remarks: ** Significance level at 0.05 R”is Coefficient of Determination

o
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0.000 BsfiAnesninduddynsedafisimn 0.05 naafe
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3. furamsuunddunsiiunaeniion
greTuuisRtanaumdy TasunuAidaealiansly
msvieadien (TC) frerldrermunnisvesinvieadisn
i WinAU 825.10 UM L.mummqmaaﬁﬂviaal,ﬁm i (A) P
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ABSTRACT

Participation of the forest fire and haze solution network was studied in the Doi Suthep-Pui National Park
area, Mueang District, Chiang Mai Province. Data were collected from 135 network members using interviews.
Descriptive statistics were used to determine frequency, percentage and average values, analyzing participation in
five activities: setting forest fire management plans, conducting fire reduction activities, patrolling for forest fires,
extinguishing forest fires and organizational forest fire management. Participation levels were categorized into five
levels: 1) to inform, 2) to consult, 3) to involve, 4) to collaborate and 5) to empower.

The study found that the Network's participation levels were 45.19% at level 1, 23.25% at level 2, 26.71%
at level 3 and 4.85% at level 4, with no activities at level 5. Five approaches were identified: 1) Continuous
academic support from the forest fire agencies; 2) Strengthening the network with budget and modern equipment
support; 3) Collaboration between the Department of National Parks, Wildlife and Plant Conservation and civil
society for budget allocation; 4) Considering network's budget proposals; and 5) Encouraging network participation

at all levels for maximum efficiency and as a model for supporting or promoting other networks.

Keywords: Participation; Forest Fire and Haze Solution Network; Doi Suthep-Pui; Mueang Chiang Mai
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Figure 1 Map showing Forest Fire and Haze Solution Network locations in Doi Suthep-Pui National Park,

Mueang district, Chiang Mai province
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Table 1 Level of participation of Forest Fire and Haze Solution Network

1. Huai Sai Village 2. Doi Pui Village 3. Sanlomjoi Village 4. Mae Hia Nai 5. Khun Chang Khian
ltem Village Village Total %
Quantity % Quantity % Quantity % Quantity % Quantity %
1. Forest fire management planning
Level 1 to inform 22 81.48 18 66.67 23 85.19 24 88.89 21 77.78 108 80.00
Level 2 to consult 17 62.96 12 44.44 18 66.67 19 70.37 14 51.85 80 59.26
Level 3 to involve 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
Level 4 to collaborate 14 51.85 11 40.74 13 48.15 16 59.26 9 33.33 63 46.67
Level 5 to empower 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
2. Carrying out activities to control and reduce burning
Level 1 to inform 24 88.89 27 100.00 25 92.59 24 88.89 21 77.78 121 89.63
Level 2 to consult 13 48.15 10 37.04 12 44.44 13 48.15 8 29.63 56 41.48
Level 3 to involve 25 92.59 22 81.48 26 96.30 26 96.30 19 70.37 118 87.41
Level 4 to collaborate 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
Level 5 to empower 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
3. Forest fire patrol activities
Level 1 to inform 27 100.00 21 77.78 26 96.30 24 88.89 21 77.78 119 88.15
Level 2 to consult 14 51.85 10 37.04 13 48.15 11 40.74 9 33.33 57 42.22
Level 3 to involve 24 88.89 18 66.67 21 77.78 25 92.59 21 77.78 109 80.74
Level 4 to collaborate 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
Level 5 to empower 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
4. Implementation of forest fire extinguishing activities
Level 1 to inform 27 100.00 22 81.48 25 92.59 26 96.30 21 77.78 121 89.63
Level 2 to consult 14 51.85 7 25.93 13 48.15 16 59.26 9 33.33 59 43.70
Level 3 to involve 16 59.26 11 40.74 14 51.85 18 66.67 13 48.15 72 53.33
Level 4 to collaborate 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
Level 5 to empower 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
5. Wildfire Management and administration
Level 1 to inform 27 100.00 26 96.30 20 74.07 24 88.89 21 77.78 118 87.41
Level 2 to consult 11 40.74 8 29.63 13 48.15 10 37.04 8 29.63 50 37.04
Level 3 to involve 9 33.33 8 29.63 11 40.74 13 48.15 7 25.93 48 35.56
Level 4 to collaborate 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
Level 5 to empower 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00

(L992) 8Y-L¢ (1)cv RUjsVBELIMELLIELE
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Table 2 Participation activities of Forest Fire and Haze Solution Network

Level 1 Level 2 Level3 Leveld Level5
Activity
(%) (%) (%) (%) (%)
1. Forest fire management planning 108 80 0 63 0
(43.03) (31.87) (25.10)
2. Carrying out activities to control and reduce 121 56 118 0 0
burning (41.02) (18.98)  (40.00)
3. Forest fire patrol activities 119 57 109 0 0
(41.75) (20.00)  (38.25)
4. Implementation of forest fire extinguishing activities 121 59 72 0 0
(48.02) (23.41)  (28.57)
5. Wildfire Management and administration 118 50 48 0 0
(81.94) (34.72)  (33.33)
587 302 347 63 0
Total
(45.19) (23.25) (26.71) (4.85)

Remark: Figures in parentheses indicate percentages for row total
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ABSTRACT

The effects were investigated of various pressure temperatures on the properties of particleboard made
from teak sawdust in Phrae province in total 9 panels were tested at 3 temperatures (80, 100 and 120 °C) using 3
replicates. The properties of the samples were tested according to the Thai Industrial Standard for Flat Pressed
Particleboard (TIS) 876-2004 for: moisture content, density, water absorption, thickness swelling, internal bonding,
modulus of rupture and modulus of elasticity. Using 120 °C of pressure temperature was the optimum average
value and met the standard. The mean values were: 6.65+2.03% for moisture content, 688.90+10.27 kg/m3 for
density, 37.73+£20.67% for water absorption, 10.89+5.49% for thickness swelling, 0.43+0.02 MPa for internal bonding,
15.73+0.88 MPa for modulus of rupture and 2,384+11.95 MPa for modulus of elasticity.

Keywords: Particleboard; Phrae province; Sawdust; Temperature; Teak
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Figure 1 Particleboard made from teak sawdust
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Table 1 Moisture content and density of particleboard made from teak sawdust using different hot pressing

temperatures

Hot pressing temperature (°C)

Moisture content (%) Density (kg/m?)

80 7.65+£2.74 673.32+8.89
100 6.65+2.03 677.30+£10.75
120 6.35+£2.68 688.90+10.27
Mean 6.88+2.48 679.84+£9.97
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Table 2 Water absorption and thickness swelling of particleboard made from teak sawdust using different hot

pressing temperatures

Hot pressing temperature (°C)

Water absorption (%)

Thickness swelling (Percentage)

80 45.35+6.12" 14.40+5.04™
100 44.98+13.09™ 12.90+4.40™
120 37.73+20.67" 10.89+5.49™
Mean 42.68+13.29 12.73+4.98

Remarks: ns indicates no significant difference in column values based on ANOVA for p<0.05, followed by Duncan’s

new multiple range test
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Table 3 Internal bonding, MOR and MOE of particleboard made from teak sawdust using different hot-pressing

temperatures
Hot pressing temperature (°C) Internal bonding (MPa) MOR (MPa) MOE (MPa)
80 0.33+0.03° 12.45+0.40° 2,251114.96b
100 0.37+0.01° 13.78+0.67° 2,274+9.36"
120 0.43+0.02° 15.73+0.88° 2,384+11.95°
Mean 0.38+0.02 14.02+0.65 2,303+12.09

Remarks: a, b and c superscripts indicate significant differences in column values based on ANOVA for p<0.05,

followed by Duncan’s new multiple range test
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Table 4 Statistical analysis of water absorption, thickness swelling, internal bonding MOR and MOE

ltem Group Sum of squares df Mean square F P-value
Between group 110.856 2 55.428 0.261 0.778
Water
Within eroup 1272.176 6 212.029
absorption
Total 1383.031 8
Between group 18.614 2 9.307 0.373 0.704
Thickness
Within group 149.869 6 24.978
swelling
Total 168.482 8
Between group 0.015 2 0.008 14.083 0.005
Internal
Within group 0.003 6 0.001
bonding
Total 0.018 8
Between group 16.263 2 8.131 17.635 0.003
MOR Within group 2767 6 0.461
Total 19.029 8
Between group 30102.581 2 15051.291 99.449 0.000
MOE Within group 908.079 6 151.346
Total 31010.660 8
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ABSTRACT

Community Forest is the principle of forest resource management, to solve the problem of forest land
encroachment and exceeding forest resource utilization, the objectives of the study to determine people and social and
to determine the economic factors and level of involvement in affecting engagement for administrative management
and capacity development guidelines in the Pangsak community forest in Nakhon Sawan Province. The research
methodology was employed depth interview for data collection and analyze the position and potential by SWOT and
TOWS matrix of 9 people. The survey research by questionnaire then analyze data by descriptive and inferential statistics,
through data correlation by testing the hypothesis of 91 people using an independent t-test, one-way ANOVA, and Chi-
square at a significance level of 0.10.

The study found that 62.64% of the respondents were female and their average age is 30-59 years old. Most of
them graduated from primary school with there are 4-6 household members. The main occupation was agriculture and
having the minor occupation was general contractor. Their household annual income is 50,001-100,000 Baht with
expense of 75,001-100,000 Baht, which they have liability more than 100,000 Baht. There is a loan from the village fund.
Land tenure is an agricultural land reform. There is a high level of use of natural resource utilization with average score
of 3.93. The opinion on community forest management at the highest levels of economic society and environment with
the mean 4.30 that provided by Public Participation (IAP2) at the levels of information. The level of satisfaction was
43.96%, in additional to analyze position and potential findings the situation is a cash cow. The outside pulls in, but the

inside is outstanding for ready to be applied opportunities in the future.

Keywords: Community participation; Community Forest; Participation; Administration; Pangsak Community Forest
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Table 1

[tem Respondent Percentage (%)
1. Gender Female 62.64
Male 37.36
2. Age 15-29 years 7.69
30-59 years 75.83
60 years and older 16.48
3. Educational levels Not studying 21.98
Early elementary 34.07
High elementary 10.99
Junior high school 8.79
High school 14.28
Bachelor degree 7.69

Professional certificate 2.20
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Table 1 (continues)

Item Respondent Percentage (%)
4. Household status Head of household 43.96
Spouse 38.46
Daughter/Son 9.89
Inhabitant 4.39
Parent 3.30
5. Number of household members 1-3 persons 35.17
4-6 persons 59.34
7 persons or more 5.49
6. Main occupation Agriculture 74.73
General contractor 13.19
Employee 5.49
Trade 4.39
Company 1.10
Government service 1.10
7. Secondary occupation No occupation 20.88
General contractor 45.05
Agriculture 16.48
Non-timber forest product 12.09
Trade 4.40
Self-employed 1.10
8. Income per year (Baht) 50,000 or less 16.48
50,001-100,000 29.67
100,001-150,000 14.29
150,001-200,000 9.89
200,001-205,000 5.49
205,000 or more 24.18
9. Expense per year (Baht) 10,000 or less 4.40
10,001-25,000 10.99
25,001-50,000 9.89
50,001-75,000 19.78
75,001-100,000 28.57
100,000 or more 26.37
10. Liability per year (Baht) Low 10,000 18.68
10,001-50,000 13.19
50,001-100,000 20.88
More than 100,000 47.25
11. Borrowing money Borrowing money 86.81
Not borrowing money 13.19
12. Source of loan Village fund 34.07
Bank 31.87
Owner 14.29
Relative 9.89
Cooperative 6.59
Other 3.29
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Table 1 (continues)

Item Respondent Percentage (%)
13. Duration of residency 1-2 years 1.10
3-5 years 1.10
6-10 years 1.10
11-15 years 3.30
16-20 years 7.69
21 years or more 85.71
14. Land rights ownership Agricultural land reform 38.46
National land policy 26.37
Tax payment certificate 16.48
Possessory right 7.69
Ownership of beneficial acts 4.40
Land lease 4.40
Reservation form temporary 2.20
15. Distance from accommodation to 1-3 72.53
community forest (km.) 4-10 19.78
11-15 5.49
16 or more 2.20
16. Regulatory awareness Aware 89.01
Unaware 10.99
17. Utilization from community forest Utilization 92.31
Never exploited 7.69
18. Conservation projects awareness Aware 9231
Unaware 7.69
) Suitable 98.91
19. Geography and community area _
Unsuitable 1.09
L ) Agree 96.70
20. Participation and Community strength :
Disagree 3.30
) ) Suitable 92.31
21. Community leadership _
Unsuitable 7.69
o ) Suitable 81.32
22. Communication, exchange of learning _
Unsuitable 18.68
) Agree 83.52
23. External support provided )
Disagree 16.48
) o Get attention 76.93
24. Ecotourism or tourist interests . i
Not getting attention 23.07

5TAUAMUANTAUAIUAITUIHISIANI UYL

TAgNsLUIUNITHEIUTIN

FEAUAMUAAILATLNISUTMSIANTU UYL TR
nszuIuNsidusw lumsumsdamsdnyugu Yrudedn
M TAUATAITIA MUUATIAVDIAATN (Likert scale) Tu

amsudisziuaufaiveylusgduuinfian 91uu
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107U A9 ATULATEENY d9AU WasAslInaou NALage

Y

4.30 AzLU LazissAuanuAAUNSEAUNIN U 6

v ¢

s Ao funiseydny Adeds 4.04 Azuuy se%awN
Aa Aungsuideu waznAnivesguau sunslduselovl
faunsviondi odeding daunisiidiusan wazsu
AMENTTUNNT fiAade 4.01, 3.93, 3.92, 3.83, uay 3.70

AZUL MINARU T18azBunUsINgRY Table 2
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Table 2 Opinion level on community forest administration by community participation.

Level of community participation Mean Standard deviation Opinion level
1. Board of directors 3.70 0.39 Extreme
2. Community rules and regulations 4.01 0.36 Extreme
3. Participation 3.83 0.36 Extreme
4. Utilization 3.93 0.37 Extreme
5. Conservation 4.04 0.39 Extreme
6. Ecotourism 3.92 0.49 Extreme
7. Economic society and environment 4.30 0.62 Highest

[

FZAUAIUAARUADRUINIINITNAIUIANENIN

Unyuy

H3deldhns@neseduanuAaiiusowuinig
nsimudnenmdiguu lnsudunusinisivazuuu
wuvaeuany Wuazuuu 1-5 Ao sedutiosiian widu
1 AzUUY SEAUYRY LMIAU 2 AzluY SeAuUIUnang
WU 3 AZUUY SEAUNIN WA 4 AZLUY WAETEAULIN

Nga Wiy 5 Azkuy 31191 5 91 Usenaunie (1) A

a P} '

AualAd n1sildausauuazauduLd wosguyy (2)
sunnzthyuy (3) sunsieans msuanideuiious
MsUsENAUNUS 03AANT warANd1AY VeI YUY
(4) A1UNITANUAYUIINAIEUDN bae (5) A1ULNES
Voudlondaing nieauaulavesinveudies wuid
1957058 AUANUARAUADLUINIIATHAUIANE AN
ﬂmu%uﬁ%zﬁ’vmn (extreme levels) 914U 5 AU

TgazldgaUIINgeu Table 3

Table 3 Opinion level on capacity development guidelines of community forest.

Smallest Small Moderate  High level Highest
Capacity development guideline

level (%) level (%)  level (%) (%) level (%)
1. Participation and community strength 0.00 0.00 17.59 45.05% 37.36
2. Leadership 0.00 1.10 17.58 45.06* 36.26
3. Communication and learning

0.00 1.10 20.89 45.05* 32.96

exchange
4. External support 0.00 13.19 25.27 39.56* 21.98
5. Ecotourism or tourist interests 3.30 15.38 23.08 38.46% 19.78

Remark : frequency (n = 91), * The greatest score of the capacity development guideline is highest.

seaunsiidausamlunisuinisdnnisUnyuvu
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seaufifldusnlunisdumdgni anmnveslynn
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(to consult) (3) nMsfdusauluseaunIsIuAelI989
& o aa | | o .
3058 AUNTAIUTNIUNITINEUTINAY (to involve)
(@) nsiduslusEAu ANusIudensaseAUNLdIuT I
Tunrsaniuanuy nnsuseliung wagni1sulasenisiy
UfjUR (to collaborate) uag (5) Msildusilusyiuiaty

o

§1U19UsEIWU 3 sERUnddIustlun e dunuLay

n1s3unausylew (to empowen) s8azBEAUTINGAY

1Y =
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Yuyu Inenszuiun1sidiusiuvesUrguvudiudiedn
oefiszAy (1) to inform-msfidusuluszdunsliteya
417a15 AnduSeeay 97.80 sesasnilsyAunsildiusi
5 (2) to consult, M5 (3) to involve, Ml 5au
(4) to collaborate uarfiszsu (5) to empower AnLdu
Ye8ay 96.70, 95.60, 92.31 uay 90.11 A1UAIAU
Taeszaud (4)(5) fadesavdosninlusedudu q
\flosnnynituunsdndanaaundlunisasiieuiin
®383UA AU Lazdiauianesisasldende
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vost Uy JsaenndasiunisAnuives Maliwan et al.
(2017) fimuin sesunsiidausanlunisdnnisUiguvy
w1vga Sunetults daminswd lunmamegiisedud
1 swwAumdgmuazaunnvesdaynilunisianisi
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Ungruiiuanenaiu Ssfesuuamenisdaaiunisidon

Sulunmsdanstigusunvgaidluenag

Table 4 Opinion level of involvement in community forest management.

Level of involvement

Frequency (n = 91)

Percentage (%)

1. To inform

2. To consult

3. To involve

4. To collaborate

5. To empower

89%

88
87
84
82

97.80*
96.70
95.60
92.31
90.11

Remark: * The greatest score of the opinion level of involvement is highest.

FEAUANUNIND TRV IYU YU HADN1TUTNNS

o/ U 4 o/
ANIUYNBUUIUU9EN

FWelavinsfnwseauanuiisnelavesyuyund
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AENSUTMIIANISUIgNBUTINUEN JminuasaIssa

wut dnlugfenuiianelaluszauinniign Anduiosay

43.96 Tpsfin1susmsdnnisUrguvuludiuauduuds
vaguu Mshinusindevesauluyuyy n13dn
Aanssuneluguey uasANUmIITalveEn N IUsEme
Fohlaldsummfianelaluseiuinniign mudnuaeily

MuATHENA dpu S1wazBenusingmu Table 5

Table 5 Satisfaction level of community regarding community forest management.

Level of involvement

Frequency (n = 91)

Percentage (%)

1. Smallest 1 1.10
2. Small 0 0.00
3. Moderate 18 19.78
4. Extreme 32 35.16
5. Highest 40 43.96

Total 91 100
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Uadeniinananislaninenssssuyralui ud
Unguvuduuedn seaunisildiusiuvaguyu
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Jasedt fwananisldnineinssssuydlu uil
Unguvudruledn

MsnaaouaLNRgIu wuin Jasedidnadenisld
ninensssirAluiufivgusuiuuedn W dade
Frusziunsine Tneddeddyneadfvisedu 0.10
(0<0.10) uaetladed i o lifinasonsimsnensssuwd
Tuil uil U gueuduuiedn udelddannudusius fu

a APy A | | & ' i
auuAgIuasly Wesanuszynsarulvgilunununly

¥ '

flufiflorguariissezinainisegerdeunnndt 21 J3uly
deaunsfinwisedututszaudnvinoudy §adu
nsfnwgeanlugeaionou JuinBuuseneuendninlid
naiddenisldninensossur@dlud uiuind uld
saeandesiunsAnuives (Somsr, 2014) finuin Jade
Fueny ordwndn erdnses 18ld 18918 n1seviau
ansnnsiiensesiinu nsuingseidou niiny uavansly
Usgloaiandrguou lifinasanisusmsdanisuigusy
WITNNTUINUBY B1LABUNIADEY TINTAATEUS
Tagnszuaunsiidmsmesyuv ieainussnnsdiu
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Us1ngeu Table 6

Table 6 Factors affecting level of utilization of natural resources in community forest.

Independent variable t-test F-test p-value
1. Age - 0.09 0.92
2. Educational levels - 2.44 0.03*
3. Main occupation - 0.87 0.50
4. Secondary occupation - 0.38 0.86
5. Household income per year - 1.31 0.27
6. Household expense per year - 1.46 0.21
7. Land rights ownership - 1.52 0.18
8. Regulatory awareness 0.14 - 0.73
9. Utilization from community forest 1.18 - 0.24
10. Conservation projects 0.76 - 0.45
11. Participation and community strength -0.16 - 0.87
12. Community leadership 1.18 - 0.24
13. Communication, exchange of learning 1.25 - 0.41
14. External support 1.19 - 0.24
15. Ecotourism or tourist interests 1.52 - 0.13

Remark: * significance level of 0.1
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N1sUsEFURUS wagesrmuiAMudAyvosUgus

Jaduaunmsaduayuainnieuen wasdadey auwnas
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dusan vesrugslunisnuguliiiseui uigney
WIAQTe Janiniay fiseRuiTodfaynneada p<0.05
warfiszdunisidusand (5) to empower ldun Tads
fus1eane Jadesunissuingszdou ndnisealn
guyu Yadeaunmslduselevdandiguvuy Yadeauns
doans wanwaesuiioud msUssnduius uazesdanug
Aud1IAy e Unyuyu Jadeatunisaduayuain

A1PUBN WaLUITYAULNR VDI 8 RTITIANTBAINY

'
°o o aaa

aulavesinvieadien tnefidddymnsaddfisedu 0.10
(p<0.10) T18azideaUsINgM1U Table 7 lnedadelunn 9
seunsidusaudl (2) to consult (3) to involve uay
(5) to empower UNAINAANDTLAUNITHAIUT IN VD
Usgsuiiuansnstumudnuazvhliveuasusia day
Tnedadedifauwmiieudu do Yadudrunisdeans
wantUd sulsous MsUszduius uazesdaiug

AnuddgvesUguy Jadesunisatuayuainaieuen

wazdadusuuna wondisndednanioaiuaulaves
Ynvieafien fdwmaneszaunisiddiusaulunisuiug
FansUgusulunissanyinwmde msidunieades
Juisssaufivszmvuduniidusalunisiidunuuas
mysunalselew dwdadefidanuuansieiu de Jade
Aunzuvesguyy Jadeausiedne Jadesunisld
Uszlewl uazdunissuingseidou nfin1 13osthgaey
fidsmanesziunsiidiusinvestssvivuil uans ety
meldidoulvmuinuuvesauiaunisiidiusauaina
- 1AP2 Tnganunsatinanisanenludipsiginazuansds
FULUULWINIE N15UTITIANITUIYNBUVDIYUIULDY
aassluifuiinng 4 16 §eaeandestunisdnwives
(Tongkam, 2010) finuan UaduaunsduaiuInniesy
NI ONUIYIIUNBUDN ANARNIEAUNITHAIUIINVD
UszmwuluniseusnyUryusuiiunueng suaue

U v o W a

gneiidy Jmingasing NseAutudfynieada p < 0.05

Table 7 Factors affecting level of involvement in community forest management

(1) ) 3) @ (5)
Independent variable
To inform To consult Toinvolve To collaborate To empower
1. Age 0177 0.39" 0.20 0817 087"
2. Educational level 0.73" 0397 0.73" 046" 0.48"
3. Main occupation 0.16" 0.16" 0.73" 0.32" 061"
4. Secondary occupation 0.80" 0.457 039" 0.a8" 0.817
5. Household income per year 076" 0417 0.38" 0.29" 0177
6. Household expense per year 1.007 0.26" 0.18" 0.24" 0.02*
7. Land rights ownership 0527 0.98" 0.88" 0.58" 045"
8. Regulatory awareness 0217 0.12" 0.12* 0.21* 0.002*
9. Utilization from community forest 1.00" 1.00" 0.23" 1.007 0.004*
10. Conservation projects 0.157 046" 0.46" 0.11* 036"
11. Participation and communit
P Y 1.007 035" 035" 1.00" 1.007
strength
. . + A A A
12. Community leadership 1.00 0.46 0.005* 0.49 0.36
13. Communication, exchange of + A
, 0.34 0.04% 0.008* 0.17 0.005*
learning
14. External support 0.267 0.004* 0.00% 023" 0.002*
15. Ecotourism or tourist interests 0,51Jr 0,28A 0.001* 0.79A 0.02*

Remark: * Chi-square test and significance level of 0.10 (p-value < 0.10)

T Fisher’s exact test = cells (25%) have expected count less than 5. and calculated value minimum

expected count.

* Fisher’s exact test = cells with expected value less than 5 but not more than or equal to 25%.
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Table 8 Factors affecting administration and capacity development guidelines for community forest.

Independent variable t-test F-test p-value
1. Age - 1.78 0.17
2. Educational level - 3.64 0.003*
3. Main occupation - 1.34 0.25
4. Secondary occupation - 0.80 0.55
5. Household income per year - 354 0.06*
6. Household expense per year - 2.23 0.05*
7. Land rights ownership - 212 0.05*
8. Regulatory awareness 1.26 - 0.21
9. Utilization from community forest -0.40 - 0.68
10. Conservation projects 1.25 - 0.21
11. Participation and community strength 0.18 - 0.86
12. Community leadership 2.00 - 0.05*
13. Communication, exchange of learning -0.12 - 0.91
14. External support 1.48 - 0.14
15. Ecotourism or tourist interests 1.39 - 0.17

Remark: * significance level of 0.10
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Table 9 Table framework for competitive position potential analysis (SWOT analytics)

Internal factors

External factors

Strengths - S Weaknesses - W

S1 - Importance of area W1 — Budget

S2 - Forestry authority W2 - Policy

S3 — Personnel W3 — Knowledge
S4 — Value of natural promotion
resources W4 - Support and
S5 — Coordination knowledge

S6 — Getting support WS5 — Distance and
S7 — Community remoteness

management and
development

S8 — Highlights of area
S9 — Operations and
cooperation

W6 — Comprehension
W7 — Economic factors
W8 - Space safety

W9 — Agrotechnical factors

Opportunities - O
O1 - Support of
administrative agencies
in area
02 - Knowledge
development
03 - Channels and
opportunities
O4 - Product
optimization
O5 - Ecotourism
06 — Zoning utilization
OT - Forest revenue
collection
08 — Mission of
organization
09 - Promoting and
engagement

Threats - T
T1 - Division of agency
mission scope
T2 — Budget and
workload
T3 - Popularity and
trends of use of wood
products
T4 — Immigration and
new generation
T5 - Continuity and
difficulty
T6 — Problems of
incomprehension
T7 — Birth rate decline
T8 - Law
T9 — Carbon credit of
forestry (T-VER)
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Figure 1 Analysis of competitive position (SWOT analytics)

using TOWS matrix.
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ABSTRACT

The tourism carrying capacity was assessed of Phu Hin Rong Kla National Park based on the physical,
facilities and biological/ecological and sociological aspects. Data were collected monthly from July 2022 to April
2023 (10 months). The physical and facility capacities could accommodate 970,984 and 2,327,971 tourists per
year, respectively. Based on statistics in 2017, the maximum number of tourists was 320,675, which accounted for
24.55% and 10.24% of the physical and facility capacities, respectively, indicating that the number of tourists had
a minimal impact and was lower than the park's capacity for these items. From the biological or ecological
aspect, based on sampling along major trails, the area of exposed tree roots was 12.60%, which had a negligible
impact. However, 3 and 6 species of young plants were highly affected and severely affected, respectively, while
1, 2 and 4 species of seedlings were moderately affected, highly affected and severely affected, respectively.
From the sociolosgical aspect, the park's capacity to support social psychology had an average score of 12.259%,
suggesting a low impact, with the number of tourists not exceeding the area’s capacity to support psychological
sociological aspects. Considering the biological or ecological carrying capacity, many plant species were affected
to a severe and high extent. Guidelines should be developed for managing the area, such as restricting tourism to
allow natural resources to recover by limiting the number of tourists or tours, to assist in the future sustainability
of the area’s ecosystems.

Keywords: carrying capacity assessment, Tourism, Phu Hin Rong Kla National Park
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ﬂﬁﬂﬂ’mﬁusﬁ’ayjauazﬁamquamsmaqﬁﬂﬁaaLﬁmdfau
Tugazldnatlunsiiiu 50 wil seseunsiiu (lu-ndu)
AU g UAUAINIATIIUYB LA UN AN YITTTUYIAT AN
WIAU 15 AuRBIdun1e 1 nu. (Department of National
Parks, Wildlife and Plant Conservation, 2006) ﬁdﬁu
uusousaTulgliIuIuTeU Ao 9.6 SeURBTU zld
PCC L@ UnN9ANBIGTINTIRAURLLAN TI1UIU 216 AUADTY
(21,168 Ausial)

1.2 PCC i umeAneisssuenaaruiudy
fimadunaade 0.80 WAs s2EEMe 3 Alawas 99NNN3
\Audeyauazdananginssuvestinvioandieadiulngazly
natlumsiAu 120 Wit seseunisidu (lu-ndu) Tnefisu
TUANNINTFINVRRFUN AN BITTTUTIRT AU 15 AU
Aol 1 nu. (Department of National Parks, Wildlife
and Plant Conservation, 2006) ety SruuseusieYuay
le3uiusou Ae 4 seureiu avls PCC LduUN1sAne

F3TURAIURUYY T 180 Ausiau (17,640 Ausal)
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1.3 PCC uillsadunsiilosntsnms $uau
5,945 319303 neifieussnasguiuinisliuse o]
A9nssudunuInig 10 as.4.90AY (Department of
National Parks, Wildlife and Plant Conservation, 2006)
Tugaawesnisfnwafsdl 21nnsfudoyauasdana
wofnssuvesinvieadisadilugagldnarlunsyufioniag

\W@ae 30 uTineseU warnailiusnis 08.00-16.00 w.

o
[ o '

faiu Snvieadisnazvufiaiedld 16 sousetu (594.50
ausasav) avld PCC Wufilsudounisiiiosnisnmis
U 9,512 AUsDIU (932,176 AuRal)

aguladn FnAnnuaunsatunissessusunienIw
vosuvawisafigafiiudifon S1uu 3 unds vesgney
WA AuTeIna anunsasessutinvioaiienld 9,908

AURDTY 138 970,984 Aumal (Table 1)

Table 1 Physical carrying capacity in Phu Hin Rong Kla National Park (PCC)

PCC Utilization Levels of impact and physical carrying capacity levels (%)

Year (person/ Level < 50 % 50-80 % > 80 %
year) (person) Low impact Medium impact High impact

2556 153,439 15.80

2557 160,320 16.51

2558 263,430 27.13

2559 308,681 31.79

2560 320,675 33.03

2561 288,233 29.68

2562 289,210 29.79

2563 264,515 27.24

2564 175,539 18.08

2565 160,311 16.51

Total PCC 970,984 < 485,492 485,492 - 776,788 > 776,788

271 Table 1 fitnvioadgauiniigalud 2560
F1u7u 320,675 Ay Andusesay 33.03 voeAn PCC
susanuiuine Seilnansenuties wietihviewiionlsl
WAUdaAua 1 saluni1s5e9sunIunIenIn deuiing
A15A NI TAAIUEINITATUNITIBISUATUAIBATNVBS
Wna v oaLil Bra1uiuuan wazatufiulu aziAude
anuannsalunssesiulusisnafidtnreadeigsgn
uigneuLiIAgiusesndndaliundsvioniioadu o
aunsasessuinvendielugaanadanansnvaauis
Wliaunsanszarednrieaiioafidnuviesdierluaiy
uwndsvioailedsing 4 1¢ Sdliauauiiinaiinvieadealu
wazuasioaiels

2. Faauanusalunisseesudud eo1une
AMuazan ¥nseneiselu 5 Wi fe

2.1 FCC Shuindnviendion ddwuindunsuls
Tusmsinviesfioanmmnsiuau 27 uds (Phu Hin Rong

Kla National park, 2022) %qLLﬁazué’Qﬁﬁummmmqﬁ

7

wansnsfy fady avld FCC thusninvieaiion s1uau
211 Aumedu (20,678 Aunal)

2.2 FCC fufianunmadiust Tinasinpsguiiud
ANLAUN 10 #5.3.ARUN 3 AU (Department of National
Parks, Wildlife and Plant Conservation, 2006) U1
fuflarunadiug 24,732.59 msrawns Anadslunisdh
Wn 24 dalusreseu by axld FCC Hufanuniafiu
U 7,420 Aune Iy (727,138 Aunal)

2.3 FCC auaonsn duwaiiudl 9,327.16 ansns
s Winusiinasgudmiusasudduyaaa 4 fids 1
N3 12 Ms1unsaenu (Department of National
Parks, Wildlife and Plant Conservation, 2006) 311013
iudoyauardunadnvieand vadulugiiaiade
n59em50 24 d1lue witdu 3 seusietu fetu agld FCC
AUIBAT U 9,324 AUABDIU (913,752 AUsaT)

2.4 FCC $1U8 1915 4514019151 U5 n1s

YNV 97 87 T1UIU 2 51U WA AL 1UAIUITOTDISU
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tnvioaiienld 108 au annsiAuteyaainiiueimis
wu3n dnvieadisnagldnanludwenmsiede 120 wifise
sou arldsuIuseusetu Ae 6 sauseTusiedy Fau
19 FCC 55 91w 1,296 aumaiy (127,008 Ausat)

2.5 FCC ﬁ'aqﬁﬂ—ﬁmqﬁm ﬁﬁaqﬁﬂ—ﬁaqaﬂm
Tusmstnvieafioaiommn 172 Wes anmafiudaya

uazdunatinvieanerdulug danadenisldvesun-nes

]

U1 15 Wiidosau uasialiuinig 08.00-16.00 . 92
nslivieAn 32 seusietu fadu agld FCC Fonin-osgan
U3 5,504 ausaTy (539,395 ausiel)

agulérin Taanuannsolunissesiududssiung
ANUALAIN VBINULNAYAUTDINGT A1U1I0TOI5U
Ynvioafioaldedu 23,755 auretu wie 2,327,971
Ausiad (Table 2)

Table 2 Facility carrying capacity in Phu Hin Rong Kla National Park (FCC)

FCC Utilization Levels of impact and facility carrying capacity levels%)
Year (person/ Level <50 % 50-80 % 81-100 % > 100 %
year) (person)  Low impact Medium impact High impact  Severe impact
2556 153,439 6.59
2557 160,320 6.89
2558 263,430 11.32
2559 308,681 13.26
2560 320,675 13.77
2561 288,233 12.38
2562 289,210 12.42
2563 264,515 11.36
2564 175,539 7.54
2565 160,311 6.89
< 1,163,986 - 1,862,377 -
Total FCC 2,327,971 > 2,327,971
1,163,986 1,862,377 2,327,971

910 Table 2 sinvisaitennniigalud 2560 d1uru
320,675 au Andufosay 13.77 983A1 FCC 50339
Huidne Feinansznudos wiednvieudiedldiAudn
ANUEN5aT U503 URUA TS IWIBAI AR AN Baus
nan1sANYITARNEINNsaluNSTsSURUA LA
dzaanvastunndnvisaiien wazdue s aziiula

o <

Anuansatunissesiuludrnanfidnveanedgean

usigneuusig iugesnd gl uiiaiuntasusily
dmiusesiutinvieadienfiazansindiausy wazlutlagiu
ﬂ’ﬂviaaLﬁma’m‘Lmjaxﬁflmmiﬁum%’wizmum 991
TWanunsadan1sdaruanusalunissesuddssiuae

ANUALAINVBIUNUNN YN A Iazs1ue 1S le
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3. UaAuE1N150lUNI55095UAUTINNKTD
fadInen yinsanwIdelu 2 Jade Ae
3.1 M3UneauvessInlilug
3.1.1 LEUNANYITITUYIA A1UTRUUAN
Ignaudawieau 70 wlas wlasay 400 ¥os (28,000 %494)
nwusnldlng §1uau 4,344 9es lnesnlddauniade
0.0294 LR35 WALAINITAAIUINTBEAZN1TUNARLTEY
sl lnaluld U1 dUn19@AnwIsssuvIRa uRuLAN
Jovay 18.25
3.1.2 Wumafnesssumnaauiudy i
wlaswadu 34 udas uuasas 400 ¥os (13,600 %89)
nusnhiflng s1uau 1,547 999 lnesnldivuinade

0.0259 wuag LLﬁ%ﬁ’]JJ’]iﬂﬁﬁu’Jm%laEJﬁ&ﬁﬂWi‘UﬂﬂQlﬂJ’eNi’]ﬂ



2M58157UAER3 e 43(1): 72-86 (2567)

linaludumadunsd@nwisssurfaiuiudy Seuas
11.80

3.1.3 lsasgunsiiiesnisnms taanudas
400 %94 (87,600 ¥09) WusINll

v oy

198U 219 wlas klasay
g U 9,413 909 nesnlddvuiniade 0.0314 WAS
wazausaAIwInTesarn1sUnAquvesIntdlnaly

T595gunsilnan1snms Seuay 13.54

3.1.4 ﬁuﬁaﬂaﬂa UshauUasugnauunengn
Folase Teneudaniedy 12 wlas ulasay 400 o9
(4,800 909) wusnldlng 91uIu 385 Yod lnesinlid
RAY 0.0212 Wes wazaunsarwIndsaznsun
Aauvesnllinaluuinaudasdgniuunmeyidelass
3088y 6.82 (Table 3)

Table 3 Levels of impact and capacity levels for root cover factor

Levels of impact and capacity levels of root cover factor (%)

Medium impact 25-50 %

High impact > 50 %

Site
Low impact < 25 %
Lan Hin Taek nature trail 18.25
Lan Hin Pum nature trail 11.8
Military Political School 13.54
Phu Lom Lo 6.82

ANNNANITANYINIT L BILATITHAINUTUNUS

¥ oy
v ad A

FENINILAVAINTURIVDITIN LA VR IV SF N U ANw
Fudamuawnsalunissesuvesiiudidutiunuinis
wuin dadauiuinfsnlilnaoyluseduiiosdlid
NaNI¥NU Ao Yeosnindesay 25 wanyideliiiula
ANNAINNTOIUNITIOISU
3.2 NSUNARUVBINUTNY
3.2.1 L@UNIIANWITTTUVIA ATURAULAN

310 Table 4 wuldvuului ufi Sun1aau 8 viin

ANUIRLUF ISR o wilend (Memecylon
scutellatum (Lour.) Hook. & Arn. var. Scutellatum)
A1 54.411% S09a3u1Ae 1NN (Fagraea ceilanica
Thunb.) SA1 16.176% dueranuaduing wuin wilen
3 fanafirngeanil 22.22% wagannisdisalivuudas
TuUnsssuvIAan 10 LWAT USHAUEUNIANEISTINYRA
arufiuunn lunuwugie 1 esnanmgivszmnad

9 U

[ I3 a
anwaeUua Uy

Table 4 Important value index, relative density, relative frequency and importance of saplings of plant species

along wayside and in natural forest (10 m depth) for Lan Hin Taek nature trail

No. Species Relative density  Relative frequency Important value index
(RD) (RF) (200%)

Wayside 10 m  Wayside 10 m Wayside 10 m

depth depth depth
1 Memecylon scutellatum (Lour.) Hook. & 54.411 - 22.222 - 76.633 -

Arn. var. Scutellatum

2 Fagraea ceilanica Thunb. 16.176 - 11.111 - 27.287 -
3 Morinda coreia Buch-Ham. 10.294 - 11.111 - 21.405 -
4 Syzygium cumini (L.) Skeels 7.352 - 11.111 - 18.464 -
5 Wightia speciosissima (D. Don) Merr. 4.411 - 11.111 - 15.522 -
6 Schefflera elliptica (Blume) Harms 4411 - 11.111 - 15.522 -
7 Rhus chinensis Mill. 1.471 - 11.111 - 12.582 -
8  Aporosa villosa (Wall. ex Lindl.) Baill. 1.471 - 11.111 - 12.582 -
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970 Table 5 ndlsufuisumaiuny 2 +da
§un wilons (Memecylon scutellatum (Lour.) Hook.
& Arn. var. Scutellatum) wagindiniing (Agapetes
saxicola Craib) Ingwmilen3 da1Anumuududusing
LLazmmm?{ﬁuﬁwégdﬁqm WiriuSeuay 90 uay 66.67

AU dauminhfing Snanumunuvudusing uas
AAMUAFUIS WiduSesar 10 way 33.33 Auasu
wara1nn1sasIananldulaclulnsssurifan 10 wns
UFnadunfnwsssumdaiuiuwen lunuiuging

Wesnnanmgiusemedianuvasduaiuiiu

Table 5 Important value index, relative density, relative frequency and importance of seedlings of plant species

along wayside and in natural forest (10 m depth) for Lan Hin Taek nature trail

Relative density

Relative frequency Important value

(RD) (RF) index (200%)
No. Species
10 m 10m
Wayside Wayside Wayside
epth depth
Memecylon scutellatum (Lour.)
1 - 66.67 - 966.67 -
Hook. & Am. var. Scutellatum
2 Agapetes saxicola Craib 10 - 33.33 - 133.33 -

3.2.2 WUNNANWISTIUYIRA ALY

210 Table 6 wuldnyulufinfizumadiu 15
vila viladfidranumuiniuduvusgaan de Jeudiu
(Canscora andrographioides Griff. ex C.B. Clarke)
Wiy 24.074% sasan e Lafinu (Syzygium gratum
(Wight) S.N. Mitra var. gratum) nld (Schima wallichii
(DC.) Korth) wagtind@u (Chionanthus eriorachis (Kerr)

P. S. Green) fiAwvinfiusouay 18.519, 13.889 uag
11.111 pudiiy dhumanudduimigega wuin veudu
Fanadangagaiifosas 15.625 waznanisarsavlsimiu
wdadlutsssuenAan 10 was wu 25 vila viedien
ANUVUILUNENTUSER Ao Yausiu denTavay 33.645
sesaanAe wafinyu deafesay 11.215 dwmiueiaud
duinsgeanviniu Ao Yeudiu uaziadin Tenfeuay 7.692

Table 6 Important value index, relative density, relative frequency and importance of saplings of plant species

along wayside and natural forest (10 m depth) for Lan Hin Pum nature trail

Relative density

Relative frequency Important value index

. (RD) (RF) (200%)
No. Species
Wayside om Wayside tom Wayside tom
depth depth depth
1 Canscora andrographioides Griff.  24.074 33.645 15.625 7.692 39.699 41.337
ex C.B. Clarke
2 Syzygium gratum (Wight) S.N. 18.519 11.215 9.375 7.692 27.894 18.907
Mitra var. gratum
3 Schima wallichii (DC.) Korth 13.889 2.804 9.375 5.128 23.264 7.932
Chionanthus eriorachis (Kerr) P. 11.111 6.542 12.5 5.128 23611 11.67
S. Green
5  Melastoma saigonense (Kuntze) 6.481 1.869 3.125 5.128 9.606 4.433
Merr.
Litsea umbellate Merr. 4.63 - 9.375 - 14.005 -
Eurya acuminata DC. 3.704 - 3.125 - 6.829 -
Archidendron clypearia (Jack) 3.704 2.804 6.25 5.128 9.954 7.932
I.C. Nielsen
9  Anneslea fragrans Wall 3.704 - 6.25 - 9.954 -
10  Tristaniopsis rufescens 1.852 - 3.125 - 4.977 -
11 Others 8.334 34.582 21.875 58.972 30.209 93.554
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970 Table 7 nundlsluiiuisumadiu 9 ia
ArANTUILuFuNUSedn Ae Yaudu daTeas
35.135 5098901A0 Uanwd1u (Eurya acuminata DC.)
wagnela davinAusesay 27.027 way 18.919 d1u
mmmﬁé’uﬂ’wémﬁugnqm Ao Yoy nela wagnautu
(Castanopsis diversifolia (Kurz) King ex Hook.f.) fif
WA uTegay 20 wavwani1sanslanantiuvasly
155597780 10 wes wu 9 wdia wHediaaaumunTy
duiusgean Ae neld danosay 43.902 s99AtUNAD
UauAu wavidunsysiu (Chassalia curviflora (Wall.)
Thwaites var. curviflora) dA15088% 14.634 @115
ArAuA dundgean de neld dafesar 23.095
599a91AD Uanedu wazldunsesu dandesay 15.396

3.2.3 15958UNSEIDINITNIST I1NAISANEN

Lununisunagquuesity dredesiiavosdnuaziui
osnuinalsaisunadesnismmnduiiuiing
UseiRmaninisdsu Feitufidainaldfuiuiiogonde
vounguidsuluefin Juhliiuiidnvuzesnaadud
Tans gnunequinesulivualmguinmsey 4 fud
3.2.4 fiufiganla Vinuulasgniuueg
Folasa snmaivteyansallimjuluiiuiifnw wui
Tanwuldminusnasumaay wagluwlasugnininly 10
LA T Lﬁla\‘l’mﬂﬁuﬁﬁﬂ@ﬂﬁﬁﬂ@m%LﬂULLUmUQﬂﬁuWJﬂW
dmiunsfudoyansdndnls nuin ndalsifinuezidu
ndlsesdumnangndelasaviniy iesniuiidne
Wuudasugnda Fadndudesinsieidayalaenis
Wisuiflsuseninaaneuggniavieaiisaiundsggnia

yiaaiig] WalUSUiguNansEnUNANINASNBaLNY?

Table 7 Important value index, relative density, relative frequency and importance of seedlings of plant species

along wayside and natural forest (10 m depth) for Lan Hin Pum nature trail

Relative density

Relative Important value

(RD) frequency (RF) index (200%)
No. Species
10 m 10 m 10 m
Wayside Wayside Wayside
depth depth depth
1 Canscora andrographioides Griff. ex 35.135 14.634 20 7.698 55.135 22.332
C.B. Clarke
2 Eurya acuminata DC. 27.027 4.878 6.667 15.396 33.694 20.275
3 Schima wallichii (DC.) Korth 18.919 43.902 20 23.095 38.919 66.997
4 Persea gamblei (Hook. f.) Kosterm. 5.405 - 6.667 - 12.072 -
5 Castanopsis diversifolia (Kurz) King 2.703 - 20 - 22.703 -
ex Hook f.
6  Clerodendrum viscosum Vent. 2.703 - 6.667 - 9.369 -
7 Schefflera bengalensis Gamble 2.703 - 6.667 - 9.369 -
8  Memecylon scutellatum (Lour.) 2.703 - 6.667 - 9.369 -
Hook. & Am. var. Scutellatum
9  Phoebe lanceolata 2.703 - 6.667 - 9.369 -
10 Chassalia curviflora (Wall.) - 14.634 - 15.396 - 30.031
Thwaites var. curviflora
11 Others - 21.591 - 38.490 - 60.441
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27 Table 8 Asuggmsvioniies nénldiusnasa fienAnumuuuding wirtufesas 25.60 1AL
iy Sermnumunwduduinidesas 35.51 ArAud U905 WinnuSeway 46.15 wavulasandaly 10 wwns
Funmssesay 47.50 wazulasandnly 10 was dAAy fianaunuILuduing windu 74.40% wavA1n1ud
WU udNRNg WiduSeay 64.49 A1AuAduRNS dunns wiuiesay 53.8
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Table 8 Important value index, relative density, relative frequency and importance of seedlings of Prunus

cerasoides before and after tourism along wayside and natural forest (10 m depth) for Phu Lom Lo

Relative density (RD) Relative frequency (RF) Important value index (200%)

Tourism
Wayside 10 m depth  Wayside 10 m depth Wayside 10 m depth
Before a tourism 35.51 64.49 47.50 52.50 83.01 116.99
After a tourism 25.60 74.40 46.15 53.85 71.75 128.25
970 Table 9 Jadun1sunaquuaiug ivild INHANTITANYINITUNARUVDINYNTTUVBIUE

v
o

Suwansznuannisyianiio nsalldmg wut livnain YIDUNEINIFLT LNV TTLAUNANTETNUABNTTA bV

lasunansgnuainnisvewiigaluseausuuss lae o . o . o
e o4 . yilnagluszauguuss vvlinegluseauunn dadu n1s
Uanedu Tegafianviniu Seeaz 108.45 dyumilenlan

. : . - X TANISUAAITUAIUN A155895UATUT ININNS
(Aporosa villosa (Wall. ex Lindl) Baill.) liland 1nann9in danisianauannsolunissesiusiudon 9

YNNI (Wightia speciosissima (D. Don) Merr.) fifin URAINYI %mammswuv\xljmwmnm%mmiuwaq
Sowaz 100 wazAouwau (Castanopsis acuminatissima o e wu Auualiinislaunasviead snneln
(Blume) A.DC.) 1AN588ay 95.82 A1UAIAU @11 UNTE NSNEINTSSTUTIAN Us? iwvl,ﬂﬁamuqm"wmu

nanlsl wuai dunn (Persea eamblei (Hook. f.) Kosterm.) w o Y LA
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Table 9 Ecological carrying capacity in Phu Hin Rong Kla National Park

Percentage of ecological carrying capacity (%)

-+ . .
Y Saplin Seedlin
@ pting S
o
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< < 2 3 2 S 2
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: € 0§ g B3 g 885E ¢ 57 B & ¢ &8
3 N s £5 ¢ =SS BE § #Y §5 &g g s§®
o S 3 IS v G " C = o " = L2
S S 23 % Q O3 K 0T 3 < S
'] w G n S
Low impact <25%
Medium impact  25-50 %
High impact 51-80 % 72.10  59.49

Severe impact ~ >809% 10845 100 100 100 100 9582 100 100 100 100
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4. IAAMNEIUITOLUNTTISUAUFIAUIANINE
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Table 10 Level of perception (%) of tourists toward attractions and services in Phu Hin Rong Kla National Park.

Awareness level (%)

Ty 8% s:-38 48,
List 58 53 5853 £33
8% 85 %& o5 233
28 ¥4 2£¢ 92 285G
g 213 5 g2 3
1. Beauty of Tourist Attractions 47.30 39.46 11.08 1.35 0.81
2. Cleanliness of places and attractions 45.41 39.46 10.54 3.51 1.08
3. Good atmosphere suitable for relaxation. 64.59 29.73 4.05 0.54 1.08
4. Safety of life and property when living in this place 55.68 34.05 7.57 1.89 0.81
5. Officials showed friendliness and kindness in their service. 60.27 31.35 5.95 1.62 0.81
6. Staff were always ready to provide assistance in case of 53.51 36.49 7.84 1.35 0.81
problems.
7. Staff gave advice/information on both tourism and travel. 53.51 3297 10.81 1.62 1.08
8. Staff had knowledge and skills to provide service and make 51.35 35.68 10.00 1.89 1.08
you feel confident.
9. You received immediate assistance from staff upon request. 49.19 36.76 11.35 1.89 0.81
10. You could see rescue equipment and you felt confident 46.22 37.03 11.89 3.78 1.08
regarding your safety.
11. Accommodation was sufficient for using the service. 48.65 3892 9.46 1.62 1.35
12. The camping ground was sufficient for using the service. 55.68 34.05 7.57 1.08 1.62
13. There were enough restaurants/souvenirs for using the 42.70 34.32 16.76 3.51 2.70
service.
14. Staff were ready to use the service. 50.81 3514 11.89 1.08 1.08
15. The parking area was sufficient. 48.92 35.95 10.81 297 1.35
16. The number of tourists visiting today was suitable for the 50.54 36.22 10.54 1.62 1.08
place.
17. Bathrooms and toilets were clean and had sufficient services. ~ 37.57 35.68 18.11 5.14 3.51
18. You will come back to travel in this national park again in the  60.81 27.57 9.19 1.08 1.35
future.
19. You had fun traveling this time. 60.54 31.08 6.22 0.81 1.35
20. Overall, you were impressed with this trip. 64.05  28.92 5.68 0.54 0.81
21. Impressed with the experience of traveling this time. 57.57 34.59 5.95 1.08 0.81
22. The travel experience beyond expectation 49.73 39.19 8.11 1.89 1.08
23. Traveling here was your choice 60.81 30.27 7.57 0.81 0.54
24. This visit met your needs. 60.00 30.27 7.84 0.81 1.08
25. You consider this attraction is valuable and popular. 57.84 35.14 6.22 0.27 0.54
26. You are happy when you travel to this place. 60.81 30.81 6.76 1.08 0.54
27. The service quality of the staff is satisfactory. 54.32 36.76 6.76 1.08 1.08
28. You are satisfied with this tourist attraction. 60.27 31.08 7.57 0.27 0.81
29. You are satisfied with the cleanliness of the 41.35 34.86 15.68 4.59 3.51
building/toilet/bathroom
30. Overall, you are satisfied with this trip. 59.73 29.19 9.46 0.81 0.81
Mean 53.66 34.10 9.31 1.72 1.22
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Table 11 Facility carrying capacity in Phu Hin Rong Kla National Park

Iltem

Percentage

Percentage of social-psychological carrying

capacity (%)

<20 % 20-50 % > 50 %

Perceived satisfaction or feeling of crowding of

tourists toward Phu Hin Rong Kla National Park.
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ABSTRACT

Factors were analyzed influenced forest fires, forest fire management, the level of community participation
and knowledge about forest fires in Mae Pong Sub-district, Doi Saket district, Chiang Mai province. The objective
was to establish guidelines for the development of wildfire management. Data were collected based on interviews
with 320 samples from a population of 1,598 households, with the sample number determined based on Yamane
(1973). The data were analyzed using descriptive statistics, SWOT analysis and the TOWS matrix.

The study found that the primary cause of forest fire was its spread from agricultural land preparation by
farmers around community forests (86.60%). Community forest fire management involved prevention, readiness
for extinguishing fires, fire detection, fire suppression and performance evaluation, while overall community
participation in forest fire management was minimal, with an average score of 1.84. All three aspects of planning,
operations and monitoring and evaluation were low level, with average scores of 1.79, 1.92, and 1.82, respectively.
Overall understanding of forest fires was at a moderate level, (64.30%). Four approaches for the development of
participatory forest fire management identified were: 1) Training to enhance community knowledge in forest fire
theory and basic practices; 2) Developing management plans and measures related to forest fires; 3) Enhancing

public relations in all forms; and 4) Developing monitoring and evaluation of community activities.

Keywords: Guidelines; Forest fire management; Community Forest
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Table 1 List of villages, population numbers and sample numbers in Mae Pong sub-district municipality, Doi Saket

district, Chiang Mai province

Sample village

Number of households

Number of sampled households

1. Ban Talad Kelek 139 28
2. Ban Pa Phai 277 56
3. Ban Huay Born 224 45
4. Ban Huai Ang 279 56
5. Ban Ton Phueng 136 27
6. Ban Mae Hong Khrai 108 21
7. Ban Pamai Dang 239 a8
8. Ban Huai Bo Thons. 196 39

Total 1,598 320
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Table 2 Level of participation in forest fire management among people in community forest, Mae Pong sub-district,

Doi Saket district, Chiang Mai province.

Participation activity Mean S.D. Participation level
1. Planning 1.79 1.30 lowest
2. Operations 1.92 1.41 low
3. Performance evaluation 1.82 1.25 low
Overall participation 1.84 low
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Table 3 Level of public knowledge about forest fires in Mae Pong sub-district, Doi Saket district, Chiang Mai province

Level of public knowledge Number of households Percentage Remark
Low (0-6 points) 17 5.31 Average = 13.79
Moderate (7-13 points) 205 64.06 Most = 20 points
Height (14-20 points) 98 30.63 Least = 6 points
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Table 4 Determining strategies for increasing potential for forest fire management using TOWS matrix.

There is legislation (the
Community Forest Act of 2019)
and various regulations
established to support and
provide opportunities for
people to come and use and

participate.

Maxi)
Promote people's participation in

generating income.

Internal Strengths Weaknesses

People can take advantage of the Few people participated but

community forest. The rules are simple | due to the situation of forest fires

and easy to understand. According to | there has been a decrease. Lack of

interviews, people have a moderate to | participatory  process  decision

high level of knowledge about forest | making at times, which may cause

fires. the work to move slowly. Major

cause of forest fires is spread from

the preparation of agricultural land

External by people around community
forest border.

Opportunities SO: Strength & Opportunity (Maxi- WO: Weakness & Opportunity

(Mini — Maxi)
Coordinate with relevant
agencies to request budgets for

various activities.

Threats

Funding to support various
activities is insufficient for the
area and people in the area
lack access to information from
public relations. Regarding
forest fires, information is not

comprehensive.

WT: Weakness & Threat (Mini - Mini)
1. Increase all forms of public
relations so that the public has access
to various activities.
2. Organize training projects to
develop knowledge about forest fires

to make people more knowledgeable.

ST: Strength & Threat (Maxi -
Mini)

1. Create incentives for people to
participate.

2. Prepare a management plan
for the public to participate in the

process.
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Forest Fire Risk Area Assessment Using Satellite Images
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ABSTRACT

Forest fire risk areas were evaluated in Doi Phu Kha National Park, Nan Province using thermal infrared
sensor (TIRS) data from the LANDSAT 8 satellite to estimate the land surface temperature (LST) along with forest
profile data. Hotspot data were obtained from the VIIRS system to identify forest fires to determine the accuracy
of the forest fire risk zone data during March 2017- March 2021. The results showed that hotspots with 23.45-
31.01 °C surface temperatures represented 77.23% of the study area. The type of forest with the most hotspots
was mixed deciduous forests (47.52%), with Mae Charim district having the greatest area with the risk of forest fire
(16,889 ha). The type of forest with the highest risk of forest fire was mixed deciduous forests covering 34,333 ha
(56.17%), followed by non-forest areas covering 26,249 ha (42.95%). This research identified the forest fire risk areas
in Doi Phu Kha National Park, Nan Province which should assist with developing appropriate planning and
management for forest fire prevention and control.

Keywords: Doi Phu Kha National Park; Hotspot; LANDSAT 8; Land surface temperature
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| v v o f a v & o o o
AMLANNIaRInNand aafsudegninunldnsaaduanu LST) wawsauiudeyadnuasdr ieldiluiadedmiv

LouiRaunalusuitnyleasnsatuas e sl nsUssiiupudsINsialill warlddeyagnninuiou

NI Al&annseuu VIRS Tuszezinan 5 U (w.e. 2560 — 2564)

o \ & (% I { d’f A e o £
gnpuwiAinesg AsouRquLAUsEIL WuswnuvastnUnfiaduluiun dnwiwas ldmeasu

¥ '
A a

1,065,000 13 (170,400 tonmn%) w3 1,704 as1eilawns rugndiesvesieyaiuiidsinisiialuih
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Figure 1 Doi Phu Kha National Park, Nan province.

gUNIalLAZITNS

miﬁﬂwm%gqﬁ'l%’%ayjamwmuﬁam Landsat 8
Gufindeyaluraeauenind udig 9 ldun ¥asndu
Coastal aerosol (0.43-0.45 lulasiuns ) ¥29nd wa Ty
(0.45-0.51 ailesiuns) Fapdudiden 0.53-0.59 lulasiuns)
23pA uAuA (0.64-0.67 lulasiums) Sursnsalng (0.85-
0.88 lulAsiums) §1uau 1 $29RdY wazdurlsnsnaa udu
(1.57-1.65 lulasiuns wag 2.11-2.29 lulasiuns) 71U 2

| d' = . ' dl'
VNANU ﬂ'ﬂquaw’@ﬂﬂmaﬂﬂﬂﬂqw (plxel) 30 LIRS IUGU'JQﬂau

100

Surlsusanudeu (thermal IR) §1Wau 2 929A8 W AW
avidem 100 LUAT LATAINVIIAT (Panchromatic)
ANNazden 15 was (Peebkhunthod |, 2017)
fafinifiey Landsat 8 Safiszuunisifivdeya
yu1a 16 99 Tasnduangdeninaiumladamn q 16
Su dmdunsanuadieglivmausunsisaauiou
AUE1IAEY 10.60-11.19 lulasiuns 429ad ua1um
woudiuduns (red) finuemady 0.64-0.67 Tulasiuns
Waz919mA UBUNTUSALNG (near Infrared NIR) 7 A2131817

ﬂ?ﬂlu 0.85-0.88 lulAsiums uanses Table 1
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Table 1 OLI and TIRS wavelength and resolution data for Landsat 8 imagery

Band

Landsat 8

Wavelength (um) Resolution (m)

1. Band 1 Coastal Aerosol
2. Band 2 Blue

3. Band 3 Green

4. Band 4 Red

5. Band 5 Near Infrared NIR
6. Band 6 SWIR 1

7.Band 7 SWIR 2

8. Band 8 Panchromatic

9. Band 9 Cirrus

10. Band 10 Thermal Infrared - TIRS 1
11. Band 11 Thermal Infrared - TIRS 2

0.43-0.45 30
0.45-0.51 30
0.53-0.59 30
0.64-0.67 30
0.85-0.88 30
1.57-1.65 30
2.11-2.35 30
0.50-0.68 15
1.36-1.38 30
10.60-11.19 100
11.50-12.51 100

ﬂq‘iﬂ‘égll’llaﬁ\laﬂ'l‘ll‘ldqEJ"iﬂﬂﬂ']'JLﬁElﬁJL‘ﬁE]UiﬁJ']m
mqmwgﬁﬁuﬁq

1) LW%SM%@QaQWWWWULﬁSM (subset and mosaic
image) l9iasounquituiiAnu

2) MsUsTIIAINITWASIEITIRAY TOA spectral
radiance (top of Atmosphere Reflectance: TOA) lag/ld
193a31NA1ILTIEL LANDSAT 8 5¥uu TIRS Wuud 10-11
wulasAIandavRanea (digital number) 1WuaANS
Wi$EB9nAY Areauni1sn1sAILId (1) (Rosas et al.,

2017) kaEANMINUDINIIINLNBIHY Table 2

L)\:MLXQcal+AL (1)

el A1 spectral radiance (m’xsradxpm)

Ly =
M, =

ANFUUSEAND WWaAUNA S UNISWUaIAT

WNIZLULA 19970 Metadata fiANwiniu 0.0003342
Qg = AMNFIARAENTTUTILIUTUIANMN (digital

number) A8 Thermal Infrared - TIRS 1

101

o a

A, = AnduusAnsifievinisdmiunisulase
WmzuuuRulin Metadata SlAwiiu 0.1

3) n1susegunuA1gungdduysal (brightness
temperature) 31NANISUNS AT R Frvaun1si (2)
(Suresh et al., 2016) uagAmafivaanniwmesildlunis

AN 79 Table 2 padl

(2)

Tas BT = ergamgiduysaiannnsuidsdidendu Tng
Unfudrasimiradumadu uiiilosanluaunisiinis
wlasmheuad Jsvhlvimhedussrwadea (°0)

Ly = AMsussediBendu Smhedu (Watts / (m*
srad*um)

K, = mm‘ﬁ"lumiLLansuaaLLuuﬁmm%amWﬂﬁﬁaaﬂa
ok flewindu 774.89

K, = mm‘ﬁ"lumiLLansuaaLLuuﬁmm%amWﬂﬁﬁaaﬂa

Al fauviadu 1,321.08
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Table 2 Metadata constants for Landsat 8 satellite data from bands 10-11 (thermal infrared bands).

Radiance
Band K, K,
Mult_band Add_band
10 0.0003342 0.1 774.89 1,321.08
11 0.0003342 0.1 480.89 1,201.14

* Mult_band = Band specific multiplicative rescaling factor from the metadata

Add _band = Band specific additive rescaling factor from the metadata

K, = Degrees Kelville of the first period

K, = Degrees Kelville of the second period

4) N15USTUUAIRTUNINTSd (Normalized

difference vegetation index: NDVI) fg/gun1sn1sAIuIn

v
v

7 (3) (Rouse et al., 1974) a3l

NIR(Band 5) - R(Band 4)

NDVI= NIR(Band 5) + R(Band 4) 3)
Tmg NDVI = Aastiionsse
NR = nsazvioulutisndulnddumsnse (Band 5)
R = msazvioulugierdudimuesdiunasdung
(Band 4)

5) nsAuAdadIueINTNII (P,) Adndiu
yosmsiassdianssadiunnquiu mldanaunsi (@)
(Rong-bo et al., 2007) T ey R ans s ld Taaay
wumduvesionssa lneldnd unisasiounasuastaa
pausunsLInlnduazAaz ouLas19AA UF LAY T AN
AIUANAYBININTINOYTENTIN -1 B9 1 f1ilAdu
PUMUUNYINTTUUIN A19¥UINNT1 0 UAa1ALeEAIN 0

92AAMUAUIRULYDINTNT I OY

2

NDVI - NDVI,

P = |———

Y \NDVI - NDVI,
lag NDVI;, = Adngavanuliiunssas
NDVI, ., = A1a3gnuanvilivunsso

Y 9

6) N5USEUUAEUUSLANT NTWESIAAINUT DU

(emissivity) Wildainaunisii (5) (Pal and Ziaul, 2017)

€=0.004X P +0.986 (5)
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oy € = mduUszandsnmsuussdanusou (emissivity)
P, = AEREIUYDINYNTTO
7) nMsUszanuAIan)ifui A naunisi

(6) (Suresh et al., 2016)

(6)

Wavelength of emitted radiance (11.5 um)

3
I

p = hx C/S (1.438x10 mk)

dlo h = Planck’s Constant (6.626*10™ Js)

S = Boltzmann Constant (1.38*10% J/K)

C = Velocity of Light (2.998*10° m/s)
Mnduntsssiuduresgumnitiuin Ingldeide

(range) manilu 5 913 Aunlngldgns

SunsnAtu = —
T

9aAu3au (hotspot) Aingaany
msdnwiluadaiflideyagaenou Tussuu VIRS
finsrasuldannaaiion Suomi NPP (A21nazL8emLds
#Huit 375 wns) lutrefinnadioy Landsat 8 Yufinan
Tuieuduian serinetl w.a. 2560-2564 (syegiia 5 U)

luiufigneuuianiineugan Jamintiu nuvasdoya
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FIRMS Fire Information for Resource Management
System (NASA, 2022) 1t eldszyqadiiAnlnunlundas
sﬁaqqmuqﬁﬁyuﬂmaﬂuﬂWLLm'axsuﬁm (Royal Forest
Department, 2019)
NufidesoninAaluin
nsduuniiuidssianialiiinnnsdeuiiy
%y’wﬁ'a;ﬂal,muﬁ (overlay) wqummﬁﬁuﬁaLLazsuﬁmsum
U1 Ingudasdayalegluguuuutoyausainas ldgann
7 100 x 100 a3 dlunisdouiufudeyatssnnus
awmasiudilugann viemsaniavesusaztuioya
QnINniieiu (combine) lngadeiidniunisuuy
\avAaln (arithmetic) n3enssnguuuya (boolean) lu
ﬂ’ﬁﬁ%ﬁqﬁ’ﬂmﬂﬁuﬁ%u%’am“aLquﬁwau (composite map)

'
a

WesanaArdeyafignuandluganimduaidaiay deiu

o o [

F9aun90 s ziateflanduivadnndanududauls

a v 4 & o a a 4 £ dy
Bunanwaen1sloWanTun yaaalun1sgauiuilin

fyndindmiuwnuil (Map algebra) (GISTDA, 2009)

NAaLALINT

qmwgﬁﬁuﬁaLLazmsnszm%aaqmmw%’au
HaUTEInaNaN NE8A1LTiBY Landsat 8 Lo

QUNYNNUHY (LST) UTIUT gneuwisufnes)an

Y

[ o

Fomdaviu wudrlud we. 2560 Soamainuiagea
40.39 eariwaidua fga 8.29 ssrwaiia U w.e. 2561
figauvniifiuiagean 36.04 earivaideoa san 12.74
psrneadoa U wa. 2562 fgumvgifiufigedn 46.16
osrLwaLdua Anan 13.79 ssmneaidoa U we. 2563 1
Qmmﬁﬁuﬁaqﬂqﬂ 45.97 ssmnwaLTua Angn 9.07 v
waidea wazd e, 2564 Sgunqiiuiigean 35.16

P gallud dan 12.82 asmwallua (Figure 2)

B.E 2561

B.E 2562

(2017) (2018) (2019)

LST_Mar_2017 LST_Mar_2018 LST_Mar_2019 LST_Mar_2020 LST_Mar_2021
Value Value Value Value Value

mm High : 40.39 momm Hish : 36.04 wm High : 46.16 p High : 4597 P High:35.16
— Low : 8.28 R Low : 12.74 - Low: 13.79 — Low : 9.072 — Low : 12.82

B.E 2563 B.E 2564
(2020) (2021)

Figure 2 Land surface temperature (°C) by year
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n3nszaevesgaAITauiinTIanulaga iy
Suomi NPP 53U VIRS fis1uausiadu 101 9a uvaulu
U .. 2560 97UaU 17 30 U w.A. 2561 39U 3 90
Y e 2562 97U 38 90 U W.A. 2563 31U 41 30
wazd w.a. 2561 99U 2 30 ﬁmumﬁw%’ummqmmﬁ

WuA2 (reclassify) 91nA1NEE (range) oonidu 5 tnust

NI Fall e 1 ﬁqmmqﬁﬁuuﬁa 8.28-15.86
psmnsafoa 929l 2 Touvgifiuia 15.87-23.44
psmNaLToa 929l 3 Touvgifiuia 23.45-31.01
psAnsaea 929l 4 Tomngdiuia 31.02-35.16
ouriaIlea uazeaeil 5 Tonmgfinufia 38.60-45.97

D9ALwaLTyd (Figure 3)

B.E 2560 B.E 2561 B.E 2562
(2017) (2018) (2019)
o TFF
5 -

LST_Mar_2017 LST_Mar_2018 LST_Mar_2019 LST_Mar_2020 LST_Mar_2021
Value Value Value Value Value

f— High : 40.39 Pr— High : 36.04 P— High : 46.16 — High : 45.97 — High :35.16
—_ Low : 8.28 - Low : 12.74 —_ Low : 13.79 - Low : 9.07 _— Low : 12.82

B.E 2563 B.E 2564
(2020) (2021)
o

<
px

%

P

Figure 3 Distribution of hotspot by surface temperature class(°C) interval by year

Y

gaunainuiauazynauauludazanyuzn
U w.a. 2560 asranuinasiguugiii 3 (23.45-

31.01 9eFlwaLTud) mamquﬁuﬁ 852,263 15 (136,362

:ennns) wie¥oray 80.03 vesiiufigneuuisfnasgan

3898417 InUIIgUNIN 2 (15.87-23.44 airugaldea)

¥ '
A a

AsOUARNTIUT 169,289 13 (27,086 Lanas) nieseuay

15.9 ¥Rl UNGNIIUUAIYIANBEYAT N QUNYTN 4
(31.02-38.59 saAngaldod) ATauAqui Ui 41,987 13
(6,717 1ana13) n3eTeuay 3.94 YDINUNYNYTUWIYIA

ABYNAT LNAUIRUNYIN 1 (8.28-15.86 deAvaITyd)

104

ATBUARUNUT 1,433 13 (229 Lanmn$) niesevay 0.135
VBINUTYNYIURIYIANDENAT WALLNUNQUNNTN 5
(38.60-40.39 paAlwaidud) AsouAauiui 28 15 (5

wNa3) vieseray 0.003 VI UNgNYTULIYAADES AN

v
a =

FUAMNAINTIINUAANUTBUNINUA 17 90 Lagiind
wnanusnanunligaumgdnuilunasioumgin 3
Uinauiunliledn 9w 4 90 (Fevag 23.52) 5898931
Ao Muildlyyn 91uu 2 90 (Fesay 11.76) miuddu

v a & av g i ! =
waznuaAuTeuNIngausaiui Ll Tugqen
4 64 8 90 (Seway 47.05) (Table 3)
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Table 3 Area/hotspot by class interval for land surface temperature (2017) by year

Area (ha) / Hot spot (2017)

Total (ha)
_ 15.87-23.44 23.45-31.01 31.02-38.59 -—
Hill Evergreen Forest 95 (1 Hot) 14,573 14,811 23 - 29,502
Dry Evergreen Forest 108 2,369 (1 Hot) 69,538 181 - 72,198
Mixed Deciduous Forest - 7,985 (4 Hot) 30,793 (1 Hot) 1,185 - 39,963
Deciduous Forest - - 382 - - 382
Savanna - - 26 261 - 287
Vegetation on Pen Rock - 5 13 - - 18
Platform
Secondary Forest - 30 8 - - 37
Non-forest Area 26 2,124 (2 Hot) 20,791 (8 Hot) 5,067 5 28,013
Total (ha) 229 27,086 136,362 6,717 5 170,400

T 2561 nsranuinasigumgiii 2 (15.87-23.44

psrneaidoa) aseuaqui uil 753,550 15 (120,569

\enans) Mseeway 70.76 Yasluiane UM IRneen AT

F99ANAD INEUNGUNNAN 3 (23.45-31.01 BIALTALTEA)

ﬂiamquﬁ'uﬁ 309,421 15 (49,507 1@nm13) vsespuay

29.05 Y uUNgNY UL IRNDLNAT iNDINUNYIN 4

(31.02-36.04 psmuwaLdoa) AsouAquiNLil 1,112 13 (178

\@nm1%) viseTesar 0.14 vesiuiigneuuisAnesnan
waginusigun A 1(8.28-15.86 eALwALTva)
ATUARUNLN 913 13 (146 1ana%) 3eiosar 0.08 ves

¥

uﬁqwmul,l;viqsmamasqu %ﬂﬁ’aﬂénmwwuqmmm

=

'
a

Founmua 3 30 laglinduuingauiiuiunnidgungil

¥
A a

AurlunueiguMnan 3 USUNUTYLUYANTTIUAY

Yrfun Seuay 50 (Table 4)

Table 4 Area/hotspot by class interval for land surface temperature (2018) by year

Area (ha) / Hot spot (2018)

Forest type 2 3 4

Total (ha)
15.87-23.44 23.45-31.01 31.02-38.59

Hill Evergreen Forest 67 (1 Hot) 28,074 (1 Hot) 1,361 - - 29,502
Dry Evergreen Forest 2 59,937 12,259 - - 72,198
Mixed Deciduous Forest 49 21,384 (1 Hot) 18,523 7 - 39,963
Deciduous Forest - 113 269 - - 382
Savanna - - 237 50 - 287
Vegetation on Pen Rock Platform - 37 - - - 37
Secondary Forest - 16 2 - - 18
Non-forest Area 28 11,008 16,857 121 - 28,013
Total (ha) 146 120,569 49,508 178 - 170,400

U 2562 asranuinasiguMgiif 3 (23.45-31.01

psAalfoa) aseuAquit ufl 770,438 15 (123,270

\enans) vsederay 73.34 Yasiungne uuiiIfinesnal

F99ANAD INQUTTRAUNIT 2 (15.87-23.44 DeALYaLTYa)

105

ATBUARUIUT 258,809 1 (41,410 Lanm13) w3eseuas
23.3 YRl ufigneULIIIAneeAl Inusigun)iif 4
(31.02-38.59 aeAnwalfoad) Asaunguiiui 33,455 13

(5,353 1anm3) n3o308ar 3.14 YaINUNgNETUUIIYIA
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noEnAT nausigaun il 5 (38.60-46.16 pernivaLTua)
AsauAquituil 1,956 15 (313 18nan$) wiedouas 0.18
vosfiuflgneuuissinosnen uazinaueiguvgiv 1
(13.79-15.86 psanwaidon) asouaquitud 34115 (55

\enm1%) vseTesaz 0.03 YeINuTigNe UUiIAnee)A

v
a =

FUAMNAINTIVNUIAANUTBUNINUA 38 99 LasLindy

WINAAUTIUNUNTTUNY

q U

A uRluinaeigunin 3
TN UAUNUYINTIU 971U 19 3a (Segag 50)
509891778 U1AULUT 919U 8 A (Sewuay 21.05)

AIUAGY (Table 5)

Table 5 Area/hotspot by class interval for land surface temperature (2019) by year

Area (ha) / Hot spot (2019)

Forest type - 2 3 4 f
Total (ha)

- 15.87-23.44 23.45-31.01 31.02-38.59 -—
Hill Evergreen Forest 13 16,941 (8 Hot) 12,391 155 1 29,502
Dry Evergreen Forest 37 (1 Hot) 17,646 (4 Hot) 54,453 61 - 72,198
Mixed Deciduous Forest - (1 Hot) 5,702 (19 Hot) 33,489 (1 Hot) 761 11 39,963
Deciduous Forest - - (2 Hot) 368 14 - 382
Savanna - - 287 - - 287
Vegetation on Pen Rock Platform - 24 13 - - 37
Secondary Forest - 1 17 - - 18
Non-forest Area q 1,096 (2 Hot) 22,252 4,361 301 28,013
Total (ha) 54 41,410 123,270 5,352 313 170,400

U . 2563 saawuinassigamgiiil 3 (23.45-31.01
DIALYALY vdl) ﬂsamaquﬁ‘yuﬁ' 890,152 15 (142,424
:ennns) wiesoray 83.58 vasitufigneTuurisfinesgat
se%aMNAe INATIgUMATT 2 (15.87-23.44 aamiwaldea)
mamqmﬁyuﬁ 113,970 15 (18,235 18nm13) S 05 o8ay
10.7 %anﬁﬁuﬁqmmmmww@maegm Lﬂm%qmuqﬁﬁ' 4
(31.02-38.59 smwaiioa) Asouaauil ufl 52912 13
(8,866 1onn19) wiioFenay 4.97 vosiiufigneIuuieni

ABENAT NN QUNNIT 1 (9.07-15.86 BIANTALTYA)

ATBUARUNUN 7,517 15 (1,203 18nn13) w3esesay 0.7
VBINUTYNYIURIIYIANDENAT WaTLNA QNN TN 5
(38.60-45.97 saAwalfoa) AsouAqui Uyl 449 15 (72

\@nans) vsederay 0.042 YaTUNEVEUUIITIRRBENAN

P
a =

FAUAINANINTIINUIAANUTOUNINUA 41 9 Leeiind
a L dda ad a ¢ aa

wnaausnnunnilguvgdnuiluinusigun)ii 3

UTURNUNUNUYINTTU 91U 18 A (Saeay 43.9)

sosaAe UNAULAY 119U 6 90 (Seeay 14.63) (Table 6)

Table 6 Area/hotspot by class interval for land surface temperature (2020) by year

Area (ha) / Hot spot (2020)

Forest type 2 3 4
15.87-23.44 23.45-31.01 31.02-38.59 Total (ha)
Hill Evergreen Forest 355 11,282 (4 Hot) 17,838 27 - 29,502
Dry Evergreen Forest 731 5,202 (6 Hot) 66,112 153 - 72,198
Mixed Deciduous Forest - 1,392 (18 Hot) 35,671 (3 Hot) 2,895 5 39,963
Deciduous Forest - - 382 - - 382
Savanna - - 8 279 - 287
Vegetation on Pen Rock Platform - 4 34 - - 37
Secondary Forest - - 18 - - 18
Non-forest Area 116 355 (4 Hot) 22,362 (5 Hot) 5,113 (1 Hot) 67 28,013
Total (ha) 1,202 18,235 142,425 8,467 72 170,400
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Tl 2564 msrawuinamiguvnilifl 2 (15.87-23.44
oseaifua) aseunauituil 566,195 13 (90,501 Lanmns)
n30fo8ay 53.16) voei ufigneruLm v IR AvEg A
sesaNAD nausigaumgiifl 3 (23.45-31.01 serniwaLiya)
AsaunquitLil 486,124 13 (77,780 1onand) uindesax
45.65) vosfiuflgnenuuisminesgen inasigaugiiv 1

(12.82-15.86 psALwaLdoa) AsouAquituil 10,817 13

(1,731 1@ne13) n3e508ay 1.02 maaﬁuﬁqmmuummﬁ
ABYSH AN LLaxmmsﬁqquﬁﬁ 4 (31.02-35.16 937"
waldea) asouaquilufl 1,864 15 (298 Lanmn$) wie
Yovay 0.17 vesiufignenuuisnfnosnan Geldnan
psaanugnREdeunun 2 90 TasiAatuusiouiiui
Afgamainudrluinasioungin 3 uSiawd ud

Unugyanssa 1w 2 9a (ewag 100) (Table 7)

Table 7 Area/hotspot by class interval for land surface temperature (2021) by year.

Area (ha) / Hot spot (2021)

Forest type - 2 3 q f

Total (ha)
18281586 | 15872340  2345-3101 31023859 |N8860S4080N

Hill Evergreen Forest 494 24,609 4,398 1 - 29,502
Dry Evergreen Forest 677 46,903 (2 Hot) 24,618 - - 72,198
Mixed Deciduous Forests 243 11,655 28,051 15 - 39,963
Deciduous Forest - - 382 - - 382
Savanna - - 287 - - 287
Vegetation on Pen Rock Platform 29 8 - - - 37
Secondary Forest - 4 14 - - 18
Non-forest Area 289 7413 20,030 282 - 28,013
Total (ha) 1,732 90,592 77,780 298 - 170,400

¥

Hufdsasansifialuii

nnsineluadednudn sewined wa. 2560-
2564 fin13nsza1evesgaauTounnd aaluinwusi
ounndld 3 (23.45-31.01 sarwalfoa) Aefovas
77.23 593800 Inusigamniil 4 fevas 17.82 inousi
gamnfifl 2 Yoz 3.96 uazinaeigavgifl 5 Fevay

0.99 auasu lnestinUrnnuynAusaulINfian Ao

¥ BN
S aa

YNUQAINIsad WuNndsiouay 47.52 599a9A0 WUN9

lall9Un Sevay 21.78 Unduiv Sesay 14.85 UnAunas
Fovar 13.86 wazUfess Sovay 1.98 aud1du N3
° & o4 ' a W v ' ad a

Puuniiufidessionaiinliin med1gumnginuiuay
yilavastimugnnnuieu Tneudastoyaileiunlviegly

sUvestudoyaidenin lngld Spatial analyst tools wag

'
=~ o

nsteuuTudeyaunui (overlay) Feimunligumgil
Wuuwazvilavesl19nugnanusaulaa9undn

(Table 8)

Table 8 Weighting of land surface temperature and forest type

Land surface temperature Forest
Temperature range Weight Forest type Weight
Range 3 (23.45-31.01°C) 5 Mixed Deciduous Forests 5
Range 4 (31.02-38.59°C) a4 Non-Forest Area a4
Range 2 (15.87-23.44°C) 3 Hill Evergreen Forest 3
Range 5 (38.60-40.39°C) 2 Dry Evergreen Forest 2
Deciduous forest,
Range 1 (8.28-15.86°C) 1 secondary Forest, 1

Vegetation on Pen Rock

Platform and Savanna
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msdeuivtudoyaunuiiuendu 5 Y (w.a. 2560-

1% a

2564) uag Reclassify lWodwunseAuTUTaLaIdInIalgl

Y

v '
[ =

wihnsdeuriutudeyauwnuiing 5 U8nass lielinsen
fuidesranisinlnulagldidsnis Raster Calculate
M1A15 Reclassify Han13auiududeyaunuiing 5 Y

v
P ]

wistayasenlu 4 szdu Ao Nufdsaunfian Wi
89NN NUMEIUIUNAN LarNuEe s
FnwarUAinundeemsialnul Tuieuiiunau
wniign lawn Unuganssas 31w 214,583 15 (34,333
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Table 9 Validation of accuracy of hotspots

Hotspot (%)

Year
Very high risk High risk Medium risk Low risk

2017 88.24 5.88 5.88 0

2018 66.67 33.33 0 0

2019 60.53 34.21 5.26 0

2020 65.85 29.27 4.88 0

2021 0 100 0 0
Average 56.26 40.54 3.2 0
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Reproductive Biology of Wrightia tokiae D.J. Middleton

in Khunpawor National Park, Tak Province
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ABSTRACT

The reproductive biology of Wrightia tokiae D.J. Middleton was studied in Khunpawor National Park, Maesot
district, Tak province, Thailand during October 2022-September 2023. Floral biology and development, pollination,
percentage of fruit set and diversity of insects were investigated using an air-flight malaise trap during flower
blooming. The flowers of W. tokitae were generally in bloom from late May to June. Flower buds developed to
inflorescence maturity in approximately 9-10 days. The W. tokiae flower was perfect, with cyme type inflorescence,
the corolla light orange and rotate. while the fallen corolla was reddish. The pollen grains were monad and
spherical. One flower produced, 6,633.40+750.50 pollen grains and contained 38.60+2.99 ovules. The average
pollen-to-ovule ratio was 170.04+9.58, classified as facultative autogamy. The open-pollinated flower fruit set rate
was 10.24 (n=127), while there was no successful outcome in the self-pollination set. The fruit set rates indicated
that pollinators were required for reproductive success. In total, 20 species of visiting insects were identified to W.
tokiae flowers (all moths in the Lepidoptera order). These insects play an important role in the pollination of W.

tokiae as its flowers bloom at night.

Keywords: Apocynaceae; Wrightia tokiae; Floral morphology; Reproductive biology
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Figure 1 Study site of Wrightia tokiae D. J. Middleton in Khunpawor National Park, Tak province, Thailand
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Figure 2 Floral morphology of Wrightia tokiae D. J. Middleton
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v Sa | e v & .

Fpdndusayndvunelrgaunisuusaduiu (size class)

¥4 Erdtman (1986) fio 1sayfifivuna 50-100 lailestans

Figure 3 Pollen grain morphology of Wrightia tokiae
D. J. Middleton

WaSeuiisuiun1s@neives Chelong et al.
(2016) Fsle@nwsayIneuaznsAnwInsdadiuunves
Wluied Apocynaceae U3 IMUNIINGIFUINAYBZAN
Uszinalyneg wuqn Li%ﬂaﬂimﬂ (Wrightia pubescens
Blume) fldnuazgunsanay (spherical) dYealnnay 3
9§89 WU Triporate 431U Isopolar aunAswUULAT

WAUTENINTIET 82.75 TUlASIUAT WNUALLUIAUGENT
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17 86.90 lailasiuns Jefidnuarlndifeuazasnndosiu
dugnuineweasalunneie wilsyvaddunivuinlvg
nilunngladntes @unan1snTatuIILsysianan
299lUANEI8RIUNEDY Compound microscope MU 5
Aan WU lunngledduiussenen 5298, 7,917,
5214, 5830 way 8,908 Aua AU Inedaad o5 Ui
\SayfonantYinAy 6,633.40+750.50 L5y AxLulAT1A
Lﬁ'mt,uummgm (standard deviation, SD) 99931U7U
wegrenenAaudisge o1adunasinanuanysalvesnen
TuwstarAuifauunnsiety puduudsdiideaiina

Aodnuusafluusazaen

NSNANLNEATLAZNITAANA
1. msuszdiuszuunandailaglde Pollen-ovule ratio
INNTANYITATIEIUTTINTINIUTUABADN
(P) sia1uIuBRYAfBABN (O) WU ANGATIAIUTIUIY
15848083 (P/O ratio) wealunnzie drede Ae
170.04+9.58 (Table 1) tilorienfilfundndummunnasinns
Uszidiuszdunandiuniaisnisues Cruden (1977) G9ld
wlassuuRant1uld 5 dnwag wudl seuunantiuvedun
ngI9dneglusysu facultative autogamy Falesnsndau
58MIN9 31.9-396.0 3onaleindungudifiszuunan
Fruen 3 eduudldunausiugluduesudnisnantu
ansnaiintuld

Table 1 Pollen-to-ovule ratio of Wrightia tokiae D. J. Middleton

Floret no. Number of pollen/floret (P) Number of ovules/floret (O) Pollen-to-ovule ratio

1 5,298 39 135.85
2 7,917 a4 179.93
3 5,214 30 173.80
4 5,830 34 171.47
5 8,908 a6 193.65

Mean 6,633.40 38.60 170.94
SE 750.50 2.99 9.58

9NNSANYIVBY Darrault and Schlindwein (2005)
FeldFnuinisfanafisiinlu Hancomia speciosa (33
Apocynaceae) Wu31 Hancornia speciosa R8N
S1uusnysionnia (P/O ratio) ladBwiniu 77.3 sdneg
lusgau Facultative autogamy L4 uLA 81A UlUANEI®
peelsfimuen P/O ratio W dwisafatfnszuunisnay
framasfisuvuning 4 whiu Ssnsseysvuunisduiug
TowaziBoasndudesiins@inwdu q dWudiudn

2. MmsUsziiuMsAaNa

nan1sAnwInudn lunneefanaduilng wax
Hnfinduniuaiiues sUssvedinilugunsanszuen

HauenfidWeidy Wuiainvvse wiagdnninssvuna
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1.5-2 WUALNAT 91UTENIN 13-16 WWURLLAT NITAANS
AUSTIHIAVRILUANEID LavinsAnwUSeudieu 2 35
TouA nswaunuulanseUaosliminsHaun1LsITUYIR
(open pollination) kagNskaLNasHIRAENTAGUYBRADN
(self-pollination) Wu31 fasn1shnrastdesds An
1Judeway 5.26 lnsusnduniswauwuuldavseUass s
ATHAUANNTTIUIR TORTIN15AANasesay 10.24 A9
Mnmsranasiaedlasnsaqutononiilinunisioua
188 M3PNINIINNSAANG Speay 0.00 (Table 2) uanal
wiudnlunwgreiduiieisndudesdinmmeinsatuntie

Tunsuaunasiialiinnisinxa
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Table 2 Percentage of fruit set in Wrightia tokiae D. J. Middleton

Treatment Number of observed flowers Number of fruits Percentage of fruit set
Open pollination 127 13 10.24
Self-pollination 120 0 0.00
Total 247 13 5.26

3. AUNAMNVUAVDILUAINDUADN

MsfnwanuaINTiaveLaIfiiuneunen
TUnANEI® WULNASTIUIU 122 ¥Ta 62 1A 11 dudu T
Blattodea (1uasau) Coleoptera (924) Diptera (Wiagiu
¢4) Hemiptera (134 L‘Wﬁy‘ﬂ) Hymenoptera (r;‘fq UM #9
W) Isoptera (Uaan wuasisn) Lepidoptera (114 8)
Mecoptera (h1adti19U043) Orthoptera (Hnuaw 39159)
Psocoptera (i LU@anldl) wag Thysanoptera (wael)
Tnsnuuasluduiu Coleoptera fununiioanniign 44
¥iin Anlusesaz 36.07 sesasundususu Diptera uay
Lepidoptera Antdusosaz 19.67 uar 16.39 A1uaIfy

' '
v o aa o o =

AuFuUTInuTININGT WUl SUAUATTILIURIIINTER
Ao Diptera WUTIUIU 190 A1 Antdusovay 54.60
sesaaundususu Coleoptera wusuau 67 ¢ Andu
Jovar 19.25 uarduau Lepidoptera WusuIU 25 62
Amufosas 7.18

nsfnuldutsriauuasiinueanidu 3 ngu
1gun 1) nduunasifivsslen wasuuasdu q (beneficial
insects and other) 2) N UWuAIAATNY (insect pests)
UAT 3) NHULUAINILNEANLNGS (insect pollinators) (Table
3) Ui nquuuasdngiiy Svdeuniigdiuiu 69 vie
Andusesas 56.56 sesasmndunguuuasifivsslovd
wazhuasdy q Sy 33 wile Andudesas 27.05 uax
nAUUNAITILHENLNES 31U 20 viln AnTuiosas 16.39
Teazun il

1) nguuaasfiduszlovd wazunasdu q wu
17U 98 717 33 ¥iin 5 dunu el Blattodea, Coleoptera,
Diptera, Hymenoptera e Mecoptera Tagnunuaslu

v

8uAY Hymenoptera f¥ilauniign 311U 14 ¥ila 19y
wudou sodeu Andusesay 42.42 sasaaundususiu

Diptera 31171 10 %iln 1y Suua g1 uuasiuialuy
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Anludesay 30.30 wagdusu Coleoptera 31U 6 Uil
] ¥ a ¥ 4 a < 4 1 o U
WU fRY fsAunszan Anilusesay 18.18 usidnuaum
nuduuaslududu Diptera 31u3UAUINAAA 70 617
Andusesas 71.43 lnsunaslunguilusznaudieg wuas
yian dUszlevd Ao @ann (predator) wazs LUy
(parasitoid) F93nindudngsssurifvesuuasdng iy
7 o ! & a A ! [ Y a & A
suvanguinuInduriafieaitldineliiinUsslevunse
Judmgusiognila
2) NFUUNAIRRFINY WU 225 77 69 ¥iln
7 9usiu oA Coleoptera, Diptera, Hemiptera, Isoptera,
Orthoptera, Psocoptera Wag Thysanoptera lagnuuas
luduny Coleoptera Hufinuniign 31U 38 vila LWy
A9 n 7129929 aaenuly wealsd Aadusevay 55.07

o luduiu Diptera i 14 vl wu Yas1 Taya

unasiu Anluipeay 20.29 Lagdufu Hemiptera 31uu

¥ '
a v v a

8 ¥fin WU waedndu Antdusesay 11.59 wia1uIusn

nwuuuadlugudu Diptera fiT1uauduINTidgn 120 67

a

Anvdufosay 5333 lasuvadlunguilifunguiiviaiy
demeliunnonlunngie Fanuduiugeniingudu 9
wasuruvde wardimauda viliaianisaflddiaen
Tunnzaolusssurfenasiiaarudsmennuuasnaguil
16 mnlifimsdnnnsignsies

3) NANUUAIYILNALNHT NUTIWIY 25 §3 20
yilp 1 dusv laun Lepidoptera N899 UAULAYY 19U
Adonansiiu fidevusunses| uesnuauduly Tnsuvas
Tuﬂaq'mfwmi’wmuﬁaaﬁgﬁﬂmwﬁﬂ LazdIuIua B
Tasen (2001) l@na1al331 szpzaanlunisd@nw @namn
flenma wazanuiivieanngiusymadifinnuunneiis

A 1Wudadedrdgusefinanedurunazanunainaila

YDIUNAINVIINANLNET
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MNnMsAnueiinvesnguusasiiasmennan wui
nauidoansiu Wunduusasmonnendidingnssuduius
fumsunvesnenlunzlefiuluseunansiu Jedady
LaasNgUsATi g IENaNLINas (first pollination) d2ung
wuasfivnAuneunarsiudaidunguseafivionauinas
1A8L18990UADNNAIDINNINAG UNATIAUAINDU LA
wazmdsneniiselifinadney omeimsidans
widoag (Table 3) Suduloniadi Avesnanlunnzio
SnafaftazldSunmstaenannas Sdlufuilaiifisiuu
Aravannyiinvesia 2 nauiiinn Snsnshanavesiudi
Fuazduuldufngedu widedriavesarudnsaly

n1sduiugnsesnsINsianafzdueyiuladeuind ey

#19 9 wazuuasAngfivhatenenuaznaseusIeiguiy
(Tasen et al., 2009) Laz@dAAR DINUNITANYIVDY
Barman et al. (2018) ls@nwinalanisaauinasianiy
A nswasg1aunaen1nauius Luunanluluniy
(Wrightia tomentosa) sl‘f'ﬁ V0w vned Apocynaceae
Wudsatulunngae wud fidenarsiuiogluasd
Crambiidae, Eribidae Wag Sphingidae 11 UNR UUUAS
fiuneunonyosadsluiiainatsdu @9 Hawkmoths
(Sphingidae) wag Settling Moths (Crambidae and Eribidae)
Wuimensilansiufian uazanunsanasnasnonliils

Tneaulngazuiziisunseninia 18.00-22.00 u.

Table 3 Number of species and individuals of insect visitors of Wrightia tokiae D. J. Middleton

Number of Number of Number of Individuals (%)
Order
families species individuals Species Insects

1) Beneficial insects and others
1.1 Blattodea 1 2 a4 6.06 4.08
1.2 Coleoptera 4 6 6 18.18 6.12
1.3 Diptera 6 10 70 30.30 71.43
1.4 Hymenoptera 8 14 17 42.42 17.35
1.5 Mecoptera 1 1 1 3.03 1.02

Total 20 33 98 100.00 100.00
2) Insect pests
2.1 Coleoptera 15 38 61 55.07 27.11
2.2 Diptera 8 14 120 20.29 53.33
2.3 Hemiptera 4 8 11 11.59 4.89
2.4 Isoptera 1 1 13 1.45 5.78
2.5 Orthoptera 1 1 1 1.45 0.44
2.6 Psocoptera 4 6 18 8.70 8.00
2.7 Thysanoptera 1 1 1 1.45 0.44

Total 34 69 225 100.00 100.00
3) Insect pollinators
3.1 Lepidoptera 9 20 25 100.00 100.00

Total 9 20 25 100.00 100.00

Total all 62 122 348
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G

9

1. lunngraisueanmenduauaneiiiounguniau
LagneasuIus oLl oaldaufavatoidoudquisy
nMsmuvemenswsrezanen lUdudenenisssey
Ao ikazu Taaussana 9-10 3u nendes
Jurenauysalina inilugensnwuunszan findudes 5
NAU NAuABN 5 NAU InAsA 3113U 5 dU inasineiile
91w 1 8w 1 2 Selaneniu whllooaunassaui Auwnis
$sldwilersndu Anadsdnueeianenan 38.60:2.99
0070 lsgduisaifien JUvissnan Aededtusayenon
Wi 6,633.40+£750.50 L5ty

2. szuumsnand1udneyluseau Facultative
autogamy A8 MINEIUTIUIULTUA DDA (P/O ratio)
fidadomindu 170.04+9.58 Sasn1sfanasiniosas
5.26 lngn1suauwuuldanioUasliiin1suaute1m
59339 8nsnsRanadosas 10.24 FaldnrnisAnua
gsnimswannasluseslaensnaudeilinunisinug

3. ArumaNwiavetLIamaNADn Wunauiide
na19AuluduAU Lepidoptera 31uau 20 viln Andu
Youaz 16.39 daLdunuasiiddynguusniivionaunas
forningAnssuduiusiunisuiuvenenlunneled

puIReNALSHUILluTIRIaINanaAyY

RIGITRIRIE

31nn1sAnwlavinns@nwdidneanisimuinis
YBINDN NITNAUNAT UATNITAANAAINTITUYIRVBIABN
lunngae s'ﬁaﬁﬂﬁmw%’agaﬁyugw%maﬂT,s,Jﬂwma
Tnganunsathdoyauldiferduuuimianisiindiuiy
Uszanslunngaeldluouran 1 eaninlunwzaeidu
fvdudenaziduiiviidesmsnmetnsaunvaglunis
wasnas Tagluiiuiinunguusashenaunasaeudsdos
waTNUNGULLAIRgRvaInds fovay 56,56 Ay uud
memsdnnisgualunnzaslurieiifinisesnnen uieisu
Arnagoutiu matinisdludise qua Josfuuuasdngi
\unvihane evaeiiusnsnsinna u3euumidly
suAnavldaulunsidiludienaunasiiwnneniunneg
10 mﬂmaﬁuﬁ:uaﬂﬁuﬁﬁuﬁ%ﬁm wazNsALEINNSUGN

gulunnzladuliduszauliainuaisany vileduLfiy
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ABSTRACT

Thinning is one of the silvicultural methods used to increase the productivity of a forest plantation that often
involves selecting trees to be removed based on their canopy class or spacing. This study investigated the effects of
different thinning intensities on the productivity and stem form of teak (Tectona grandis) spaced at 4 m x 4 m in a
private forest located in Mueang district, Uttaradit province, Thailand. A completely randomized block design was
applied with 3 experimental treatments: moderate thinning (40% basal area removal), heavy thinning (60% basal area
removal), and unthinned. Data collection was conducted 9 years after thinning. It was found that the stand density
in the unthinned plot was significantly higher than in the thinned plots. The average diameter at breast height over
bark (DBH) and the total tree volume (m?) were significantly higher in the thinned plots than in the unthinned plot.
However, tree height was not affected by thinning. The mean annual increment (MAI) based on the DBH for all trees
was significantly higher in the heavy-thinned plot compared to the unthinned plot. Calculation of the timber volume
indicated there were significant differences in the stand volume, volume increment, and total volume among the
plots. However, more trees in the unthinned plot were lost due to natural mortality than in the thinned plots.
Considering stem form, the live crown ratio was higher in the thinned plots than the unthinned plot, whereas the
slendermess ratio and artificial form factor were significantly lower in the thinned plots. In conclusion, thinning and its

intensity positively affected tree growth and improved tree stem form.

Keywords: Teak; Thinning intensity; Plantation; Stem form; Slenderness
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(The Customs Department, 2023) SLU% W.A. 2537 ﬂ'ﬁllﬂrﬂ,ﬁ mmamwua%a&msmvim%amulmﬂummwu”ll,l,uu
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Legend
.2 unthined
moderate thinning (40%)
[ heavy thinning (60%)
block1

Uttaradit province

scale 1:2000

WGS 1984 UTM Zone 47N

Figure 1 Study site in Mueang district, Uttaradit province, Thailand
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Table 1 Stand density and stand basal area of teak under different thinning intensities.

Treatment
Stand Number of years
. L . Moderate Heavy p-value
characteristic after thinning Unthinned L. L
thinning thinning

Stand density Before thinning 615+9.61 586+19.86 579+34.53 0.229™
(tree ha™") Immediately after thinning 615+9.61° 310+25.40°  198+25.94°  <0.0001
1-year after thinning 602+25.24°  310+25.40°  198+25.94°  <0.0001
2-year after thinning 500+£56.50°  298+23.64°  196+23.64°  <0.0001

3-year after thinning 440+74.45°  284x26.10°  173x34.77°  0.00178"

d-year after thinning 025+86.81°  271x28.05°  169+32.88°  0.00398

5-year after thinning 425+86.81°  279+23.29°  180+28.87°  0.00435

6-year after thinning 421+79.90°  271%31.76°  177+31.09°  0.00378"

7-year after thinning 417+72.42°  271+31.76°  177+31.09°  0.00286

9-year after thinning 411+77.42° 267+25.24° 177+31.09° 0.00496"
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Table 1 (continued)

Treatment
Stand Number of years
. 4 . . Moderate Heavy p-value
characteristic after thinning Unthinned L L
thinning thinning

Stand basal area Before thinning 11.05+0.58 12.27+£1.28 11.44+1.69 0.522"™
(m*ha™) Immediately after thinning 11.05£0.87°  7.79+0.73° 4.81+0.87°  <0.0001"
1-year after thinning 11.56+0.32°  8.04+1.01° 5.02+0.85°  <0.0001

2-year after thinning 8.42+3.98 7.71+1.38 4.85+0.64 0.25™

3-year after thinning 10.27+1.98° 8.73+1.68" 5.42+1.35° 0.0319"

4-year after thinning 11.25+2.33 9.50+1.97 6.25+1.44 0.0512"™

5-year after thinning 12.19£2.51°  10.56x1.50°  7.27+1.38" 0.0454"

6-year after thinning 12.06+2.33°  10.42+1.21%*  7.42+151° 0.0449"

T-year after thinning 11.38+2.25 10.19+1.31 7.29+1.60 0.0708 ™

9-year after thinning 13.48+2.13 12.38+1.30 9.29+1.97 0.0728"™

Remarks: Values are represented as meanS.D. and values followed by lowercase superscripts signify individual
statistical differences among treatments at each measurement time. Treatments marked with different
letters are significantly different so marked * significant at 0.05 level (p<0.05), ** very significant at 0.01
level (p<0.01) *** highly significant at 0.001 level (p<0.001) and ™ not significant at 0.05 level (p>0.05).

Table 2 Mean DBH and mean height of teak under different thinning intensities.

Treatment
Stand characteristic Nurmber (,)f y.ears Unthinned Moderate Heavy p-value
after thinning Thinning Thinning
mean DBH Before thinning 15.44+0.47  16.57+0.87  16.08+0.80 0.248 ™
(cm) Immediately after thinning ~ 15.44+0.47  17.77+1.19  16.82+1.29  0.0883™
1 year after thinning 15.44+0.51  18.05+1.65  17.88+1.20  0.0683™
2 years after thinning 15.35+¢0.57  17.97+1.09  17.66+0.71  0.0683™
3 years after thinning 17.08+0.59 19.61+1.00 19.75+0.33 0.0564 ™
4 years after thinning 18.16+0.58°  20.88+1.12°  21.49+0.07° 0.0238"
5 years after thinning 18.87+0.75°  21.74+1.04°  22.70+0.33"° 0.0145
6 years after thinning 18.92+0.67 21.95+2.42 21.69+0.45 0.222"™
7 years after thinning 18.42+¢0.84  20.74+2.93  22.81+0.24 0.0853™
9 years after thinning 20.25+0.87°  23.28+3.06  25.76+0.39°  0.0212
mean height Before thinning 14.96+0.69 16.08+0.62 15.59+0.66 0.188™
(m) Immediately after thinning 14.96+0.69 16.58+0.75 16.19+0.59  0.0597 ™
1 year after thinning 15.16+0.75 17.58+1.11 16.89+1.04 0.0552"™
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Table 2 (continued)

Treatment
Number of years
Stand characteristic Moderate Heavy p-value
after thinning Unthinned
Thinning Thinning

2 years after thinning 16.11+£0.95 17.85+0.78 17.28+0.93 0.125™
3 years after thinning 16.35+0.61 17.90+0.40 17.23+1.45 0.131™
4 years after thinning 16.53+0.55 18.30+0.89 17.77+£1.36 0.152™
5 years after thinning 16.82+0.44 18.24+0.73 17.47+1.65 0.257™
6 years after thinning 17.72+0.10 18.50+1.28 18.41+1.59 0.612™
7 years after thinning 17.36+0.40 18.50+0.84 18.24+0.88 0.23"™
9 years after thinning 19.01£0.29  20.57+1.12  20.21+0.50 0.121™

Remarks: Values are represented as mean+SD. and values followed by lowercase superscripts signify individual

statistical differences among treatments at each measurement time. Treatments marked with different

letters are significantly different so marked * significant at 0.05 level (p<0.05) and ™ not significant at 0.05

level (p>0.05).
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Table 3 Stand volume and mean stem volume of teak under different thinning intensities.

Treatment
Number of years
Stand characteristic Unthinned Moderate Heavy p-value
after thinning
Thinning Thinning

stand volume Before thinning 81.54+5.67 98.40+15.41 87.14+16.26 0.354™
(m>ha™) Immediately after thinning ~ 81.54+5.67°  59.48+14.40°°  37.56+7.40°  0.00479
1 year after thinning 88.46+10.34°  67.79+10.99° 41.08+8.74°  0.00353
2 years after thinning 79.25+2.48° 66.21+13.87° 40.50+6.63°  0.00509

3 years after thinning 79.05+£12.88 76.40+18.81 44.25+11.44 0.05"™

4 years after thinning 85.48+14.42 83.65+19.54 52.15+13.71  0.0766™

5 years after thinning 93.11+16.16 91.52+16.86 58.54+13.03  0.0571™

6 years after thinning 95.02+14.06 89.13+15.51 62.71+£16.23 0.859 ™

7 years after thinning 89.96+15.02 87.98+14.97 61.13+16.19  0.109™

9 years after thinning 114.65+16.51  116.58+16.19  84.79+22.26 0.14™

mean stem Before thinning 0.13+0.01 0.17+0.03 0.15+0.02 0.0755™
volume Immediately after thinning 0.13+0.01° 0.20+0.03° 0.19+0.03° 0.0207
(m” tree™) 1 year after thinning 0.14+0.02 0.22+0.05 0.21+0.04  0.0796™
2 years after thinning 0.15+0.02 0.22+0.03 0.21+0.03 0.0729™
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Table 3 (continued)

Treatment
Number of years
Stand characteristic Moderate Heavy p-value
after thinning Unthinned
Thinning Thinning
3 years after thinning 0.18+0.01 0.27+0.03 0.25+0.03 0.0617™
4 years after thinning 0.20+£0.02° 0.31+0.03" 0.31+£0.02°  0.0367
5 years after thinning 0.22+0.02° 0.33+0.03° 0.33+0.02° 0.0185
6 years after thinning 0.230.02° 0.33+0.05° 0.36+0.01°  0.0325"
7 years after thinning 0.22+0.02° 0.33+0.05" 0.35+0.01°  0.0286
9 years after thinning 0.29+0.02° 0.44+0.07° 0.49+0.00°  0.00456

Remark: Values are represented as mean=S.D. and values followed by lowercase superscripts signify individual

statistical differences among treatments at each measurement time. Treatments marked with different

letters are significantly different so marked * significant at 0.05 level (p<0.05), ** very significant at 0.01

level (p<0.01) and ™ not significant at 0.05 level (p>0.05).
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after thinning and (b) total volume increment of teak thinned at difference intensities 9 years after thinning
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Table 4 Total stand volume (m® ha™) of teak under different thinning intensities.

Volume of Volume Current Total Mortality
Treatment
thinned trees of dead trees volume volume (tree hat)
unthinned 0.00 61.94 38.25 100.19 200
moderate thinning 13.13 4.56 37.81 55.56 31
heavy thinning 18.38 5.69 27.63 51.75 31
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Table 5 Stem form characteristics of teak under different thinning intensities

Treatment
Stand Number of years
Moderate Heavy p-value
characteristic after thinning Unthinned
thinning thinning
live crown before thinning 55.60+1.68 59.29+3.84 55.82+2.63 0.282™
ratio (%) immediately after thinning 55.60+1.68 60.00+5.01 57.59+2.94 0.386™
1 year after thinning 50.08+0.74°  60.09+2.23°  58.26+2.63° 0.027°
2 years after thinning 50.22+1.36°  60.52+0.80°  58.67+0.74° 0.0233
3 years after thinning 51.95+2.42 59.07+5.10 60.22+0.55 0.168™
4 years after thinning 56.13+8.36 62.44+3.39 65.67+1.80 0.172™
5 years after thinning 56.27+3.76°  61.86£3.76  66.25+3.47° 0.0347"
6 years after thinning 56.28+5.26 59.30+4.89 62.77+2.21 0.248™
7 years after thinning 50.87+1.35" 58.81+2.37° 60.64+2.20° 0.0242"
9 years after thinning 53.75+2.63°  63.56+2.04°  60.94+0.81°  0.00145
slenderness before thinning 98.46+3.02 98.65+1.06 98.81+2.21 0.885™
ratio (%) immediately after thinning 98.46+3.02 94.36+1.92 93.34+4.20 0.236™
1 year after thinning 99.55+1.79 98.26+3.06 95.20+3.14 0.368™
2 years after thinning 107.73+1.52°  100.57+1.99°  98.87+1.9" 0.0316
3 years after thinning 98.33+0.81° 92.17+2.66° 87.61+6.06" 0.0128"
4 years after thinning 94.67+1.47°  88.72+1.25°  83.02+¢7.11°  0.00292"
5 years after thinning 90.96+3.04° 85.04+1.39° 77.17+8.39°  0.00781"
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Table 5 (continued)

Treatment
Number of years
Stand characteristic Moderate Heavy p-value
after thinning Unthinned
thinning thinning
6 years after thinning 95.08+1.39°  84.69+2.09°  80.08+8.43°  0.00529
7 years after thinning 96.62+2.05°  86.37+3.09°  80.03+5.05°  <0.0001
9 years after thinning 96.39+2.05°  86.98£3.09"°  78.74x5.05°  0.00265
artificial before thinning 0.49+0.00 0.50+0.02 0.49+0.00 0.885™
form factor immediately after thinning 0.49+0.00 0.48+0.01 0.49+0.01 0.236™
1 year after thinning 0.49+0.00 0.48+0.01 0.47+0.02 0.368™
2 years after thinning 0.49+0.00° 0.48+0.01°  0.48+0.00®°  0.0332"
3 years after thinning 0.48+0.00 0.48+0.00 0.47+0.00 0.308™
4 years after thinning 0.48+0.00 0.48+0.02 0.47+0.00 0.609™
5 years after thinning 0.48+0.00 0.48+0.02 0.47+0.00 0.579™
6 years after thinning 0.47+0.01 0.47+0.00 0.46+0.00 0.178™
7 years after thinning 0.48+0.00° 0.47+0.00° 0.46+0.00° 0.011"
9 years after thinning 0.47+0.00° 0.46+0.00°  0.45+0.00" 0.011"

Remark: Values are represented as mean=S.D. and values followed by lowercase superscripts signify individual

statistical differences among treatments at each measurement time. Treatments marked with different

letters are significantly different so marked * significant at 0.05 level (p<0.05), ** very significant at 0.01

level (p<0.01) *** highly significant at 0.001 level (p<0.001) and ™ not significant at 0.05 level (p>0.05)
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ABSTRACT

The current depletion of natural resources, forests, and wildlife is occurring due to illegal activities such as
deforestation and wildlife hunting. The Network-Centric Anti-Poaching System (NCAPS) has been developed as a
technological solution to counteract these challenges. This study focused on selecting suitable sites to install
NCAPS and mitigate illegal activities affecting ecosystems. The research considered eight physical factors: elevation,
slope, distance from villages, distance from roads, distance from streams, distance from guard units, distance from
salt licks, and cell phone signal strength coverage. Utilizing the Analytical Hierarchy Process (AHP), pairwise
comparisons were made of the data to determine the relative importance of these factors in the installation of
NCAPS automatic camera traps. The analysis revealed that cell phone signal strength coverage was the most
important factor, with the highest score of 0.324. Overlaying these factors identified five levels representing varying
degrees of suitability for the installation of NCAPS. Notably, the most suitable area, comprising approximately
50.489 ha or 0.055% of the total area, was situated along the boundaries of Mae Wong National Park, in proximity
to villages and roads. This comprehensive analysis suggested a sustainable management plan for Mae Wong
National Park, emphasizing the strategic deployment of NCAPS to address issues such as intrusion, illegal logging,
wildlife hunting, and external threats to wildlife.

Keywords: Analytical hierarchy process (AHP); Geographic information system; Network centric anti-poaching
system (NCAPS); Mae Wong National Park

137



Thai Journal of Forestry 43(1): 137-151 (2024)

UNANED

ningnssrsnnAtlinasdn iU duunluanasedunn esnanddyvatsusznns leiun msynsndnasu
Aaldviaredn ardndvn 1ludu Jagdulddnsvaurdinaluladadeludiduusuldudlatym fe szuuidiseds
nsnseiiangunefensUilivieRiFonin seuulduuay (network centric anti-poaching system, NCAPS) n3@nwn
afsilifngusvasdiiionstinsesitadslunadoniiuiifimnzanlunisfndandesindnennsnlusfss vuiSuuad
Usgnaudae 8 Yade Tdun anugeosiiudl amuaiatu szegviieanuvasuYy sEa2sineIn0uY servnsaniity
svavhennmieivingln svezdiennlls wavveundyaralnsimiiedeud feisnsvuiunsimsesinussudu
(AHP) Tnemsiisuifieunnuddyresdadefiiavswasonishndendesdndronmsnludfssuuduuauiioze a1nnst
Az dnarn uariinneiiuivzalunsiedindesindrenmsnludfszuubuuey namsfnunuintade
ﬁﬁmﬁmﬁfﬂﬂmuumnﬁqm fie Yaduveundyaalnsdmindoud Sanhminasuuuriniu 0324 PNMIFeuniutoya
Hadvanmnsonanimansieseiiuiifngalunsindandesinsnwdnludfssuuduuaulnsuisoondu 5 sedy

1A8SLAUN U A VUIZENUINN AL UNITAARINA B9 NaeA NS M ludAszuuLdunaliuseuna 50.489 tannis Anvlu

q

$ovay 0.055 vasiiuiiiavin s?jnmﬂmiﬁﬂmwudwﬁuﬁﬁmmgammnﬁqmiuﬂﬁam&y’qﬂé’mﬁﬂmsjmwé’miuﬁaiswLﬁuLLﬂU
0 US IUANLLLAITOULIATBIgNTULV IR AL AR AT umy runazauy wan1sAnwrdannsailuldidunuamig
M39uRuRinsINsAad sndasdnarsnmsaludfssuuiduuad lnsRarsanandadodmnzanlunisini
dientstlestunazmiaiiiiss Sinisyngndnasusialel a1dn i uastyminivioonueniiuf sauisiladennaududy q

waztduununsuImsdanisiiufionenuuieniuiisiegeddussly

MEAY: NITUIUNMTIRTIIRLERUTY SzuuansaunAniaans ndosindrenmemluiRsruuduway gremuwiswifulied

AN “SLUUAINATELIULTIAUAIN (SMART Patrol System)”

n¥nenssssumAguiliiuasdn findaudfa (Wildlife Conservation Society, 2021) Ineignsjavanel

o v Y aa v & v v Al o o
foszUUila {]ﬁ]g\]qﬂJUW'U'j'Wl%jWﬂqﬂﬁﬁiimcﬂqal,%alﬁlﬁﬂi Lﬁ]'TVHJ"I‘V]llﬂ'ﬁ?\]ﬂLﬂUﬂJ@yjaﬂquaﬂ’]uﬂqwaC‘]’l‘Uq waztady

v
& dg v g

winlluanasegrunniiaunananmndfyraieUsenis Anenuiinsianuluusiasdasm warluusasiudilidy

a va

wu nsyngndnasudialivianeln tieanudesnisly sInng aay uﬁﬂgj}msmmmumaﬂgummu
o , o o o Y oA oA o & A v ¢
WUNYINITINYATLANNINTY (Wannasatid et al., 2020) manszu waznsdamsiiidiedesuihuiioying

o 1 a s & =% o o,
n1sadnivinuiddinvesrulugususeuiuiivioysny guenuisnitaioa Wudounildungu e furn

1%

= & o v faa
WJudu 9nnsesiaaevadfsiunisualal wuan Tud (Western Forest Complex) gutiungahieysnuiiauunn

w.el. 2564 UszinAlveditufivmdosy 16,353,989.499 g anvesuszinalng asounaui ufl szanal

4

et aadutesas 31.59 vaeR Ui Us A (Royal 1,920,000 tgn®15 (Sukprasert, 2013) 4AUNAINUAY

o ' IS QI aaa I U o a ¥ go) o
Forest Department, 2021) mmqﬁauwﬁqﬁﬁﬂﬁﬁum NP INTINVDIF U TN LU ULAAINUUAVDIAUUIAIENT

v
°

ad A a , i Yo v &
ﬂﬂlﬂmmﬂismﬂaﬂauﬁ ?Jﬂllq'ﬂ']ﬂﬂ']ﬁ“l_]qﬂﬁqﬂﬁ/ﬁa']&] NAYHAY UNUNITUIHUN LﬂULLWaQ@’]‘V]’ﬁiﬁﬂUUiiﬂqﬁ(ﬂ'}

I~ v v fa

Uiy vzt etudaituiswaidaduinae1nisi

)

NIUENEIULNINF dndUn uazugiy Fedwusiandn

apadaddgidnmAulaun delase andoya

ho) )

ABNM5IANISUSUIS Joeiu uazquanuinvieysndues 3
Usgnd 915U nISN1STANISNINEINTLIA 89 LAR miammumqu?mmw LLaumsmTaame&me
ANNANYTAVDIMINYINTTITUYIA UATAIUNAINYATY nuidelasaiildnuiivinansuiiiuisl Sedui

@

grenuisAweiiduliuedenasunasenmsiiddey

MTINneg1edsdy ndymnisanasuyninvianeh

Lazalgng é’mmumiﬁ'ummﬂaqﬁu & nsWaiun VIAMIUN Lmi‘]ﬁ]quummwuﬂagmmaamaavqmmmmaﬂw

138



MsansuAansne 43(1): 137-151 (2567)

n1sanasuaand (Wiratphinthu and Kansorn, 2015)
sudusuitymdnidneenmauueniiug 1nmsnszane
Frvetieln Aifinnsldiuerdening (landscape species)
(Trisurat, 2003) ﬁw/mﬁmdnﬂfuﬁé’ﬂajmmmLLﬁlmlﬁ
W dunilsenaieniemnmsuimsveadminig
i Madasfdadmihivadunsatuayuiestuuas
Usgwnduiud YangunsalitldlunsufoRanuddnuill
\ieanwe anwiiuiifidndeenn NYUUIYN AL TN
wialulagiuudledgm fe szuuhseiansnsgyinia
ngusnesnumsUnliviefiiendn ssuulduuay (network
centric anti-poaching system: NCAPS) mﬂizqﬂﬁiﬁﬂu
asdesiunisnssyiiian1unsnensUiliuazdnivn
( Department of National Parks, Wildlife and Plant
Conservation, 2021) saufsn1saaauLise Jsdniveen
wonfiul uwigedesinnaisqUsznsssuusuLaUs s
hﬂﬁﬁmiﬁ'mTLJixqﬂmﬂ%’%ﬁ”uﬁqmmumwﬁ
sruuduuay uszuuiivssgndinainnislinges

Anaen MSnlul® (camera trap) F90ANULANATIN]

v
(7 1%

miLﬁ'mmdnﬁ’ﬁgmmsﬁyum Tagsunu s Andandes
AT N IUT oY AFUANAINAINNATAIANTELIY
\Benmunn Gendesardunmaunazdnithiledeulwiriu
wihiinges lngldszuudunsisalunisasiaduainuiou
Y03AUNS 0dnT7 LA UK 1uMI1Nd 04 (infrared sensor
technology) kadgannnguNgegudAuANKIUTEUY
wiethedeans wu stuudyanainsdnriadeud Global
Conservation, 2020) Wenwgnassnisminfigauauii

ANSINIBRULAZLUINTIFABUN U AILAUIIUNITAAR

139

ndaarndren ndmluiAszuuidunauiii onsuinse T
nsénasuynsndalivieatdnd azdsmdunsfnden
U?LamqmLﬁlaﬁuﬁyuﬁ'qwmuuﬁwwﬁLLazLmea‘uwm
aveuuisnd Tnefiarsanangrutoyadadonneauiiny
vuldunsatansziau 39Uszneulunlenanedade
AsAneas el dlaiinse i vadet edaasutu
mmﬁwﬁzysuaﬂﬂﬁﬂumiLﬁaﬂﬁuﬁﬁmm:aﬂumiamﬁu’a
ndesnna1en1mdnludfszuudunay il adoafuy
nsanasudalduazaidnd Inenisdadtuaitimiin
Aud1A YIILn arUade (multi-criteria decision
analysis) udu3snnsiildlunisuddaminisdndulalag
inszrandgmuesifasusegiietes nszuruns
Jipsreinudduiy (analytical hierarchy process, AHP)
(Saaty, 1980) \u3Ensigruddaymnisindulanuy
vanedady i oliidulunuinguszasdvasnis@ne
(Khiaosalab and Tongdeenok, 2015) LLazﬂizﬂqﬂﬁﬂ%
iz‘uumiauwmqﬁmam%‘lumsﬁmﬁmﬁuﬁﬁmmsaﬂu

nsAnsandassnanun NS luRsEuULB ULAY
4 ad
UNIULAZIGNT

Hudidnen

Ve Rus SHuTiuszn 89,400 lenms
fifngidiaans 47P 0523909E, 1758047N niuszinadu
LﬁaﬂLmqaaé’u%’u%mﬂuwdﬁ%ﬁmmﬁwfﬁwmi
wangane dUsuaduadesed 1,100 dadiuns
anmUialuidudaduien Yrdueds Ynuganssa

U933 wazvjavie1 (Pansawang et al., 2017) #s Figure 1



Thai Journal of Forestry 43(1): 137-151 (2024)

Protected Area

@8 Natural Park
(2 wildtife Sanctuary

(73 Non-Hunting Area

CQ3 Thailand Boundary

0 45 90 180 270

“ Mae Wong National Park

360
Kilometers

Protected Area

@@ Mae Wong National Park

Figure 1 Map of Mae Wong National Park, Kam Phaeng Phet province
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(raster data)

Table 1 Factors for evaluating suitable locations for NCAPS installation

Factor Category Suitable level for NCAPS installation Rating
1. Elevation (m MSL) 240-340 Very high 9
341-440 High 7
441-540 Moderate 5
541-640 Slight 3
>640 Marginal 1
2. Slope (%) 0-8 Very high 9
9-16 High 7
17-35 Moderate 5
36-60 Slight 3
>60 Marginal 1
3. Distance from villages (m) 0-2000 Very high 9
2001-4000 High 7
4001-6000 Moderate 5
6001-8000 Slight 3
>8000 Marginal 1
4. Distance from roads (m) 0-1000 Very high 9
1001-2000 High 7
2001-3000 Moderate 5
3001-4000 Slight 3
>4000 Marginal 1
5. Distance from stream (m) 0-1000 Very high 9
1001-2000 High 7
2001-3000 Moderate 5
3001-4000 Slight 3
>4000 Marginal 1
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Table 1 (continued)

Factor Category Suitable level for NCAPS installation Rating

6. Distance from guard unit (m) 0-2000 Marginal 1

2001-4000 Slight 3

4001-6000 Moderate 5

6001-8000 High 7

>8000 Very high 9

7. Distance from salt lick (m) 0-250 High 7

251-500 Moderate 5

501-750 Slight 3

751-1000 Marginal 1

8. Cell phone signal strength >-100 Very high 9
coverage (dBm)

<-101 Marginal 1
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Map of criteria for analyzing suitability in NCAPS installation: (A) elevation (B) slope (C) distance from

villages (D) distance from roads
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Table 2 Weighted scores from analytical hierarchy process (AHP) for eight factors

Distance  Distance Distance Distance Cellphone
Distance Total of Weight
Factor Elevation Slope from from from from guard signal strength
from salt lick rows scores
villages roads stream unit coverage
Elevation 0.031 0.059 0.024 0.028 0.026 0.047 0.034 0.043 0.291 0.036
Slope 0.020 0.027 0.024 0.021 0.030 0.016 0.018 0.054 0.209 0.026
Distance from villages 0.178 0.156 0.139 0.146 0.194 0.180 0.217 0.126 1.337 0.167
Distance from roads 0.175 0.179 0.191 0.154 0.203 0.180 0.157 0.148 1.388 0.173
Distance from stream 0.097 0.093 0.031 0.031 0.041 0.064 0.062 0.050 0.470 0.059
Distance from guard unit 0.087 0.114 0.074 0.068 0.076 0.057 0.056 0.065 0.599 0.075
Distance from salt lick 0.151 0.160 0.116 0.147 0.132 0.158 0.109 0.144 1.117 0.140
Cell phone signal strength
0.262 0.211 0.400 0.404 0.297 0.297 0.347 0.370 2.589 0.324
coverage
Total 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 8.000 1.00

(2992) 16T-L€T (1)eh BU{ZUBLNELLLIRLL
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Figure 4 Map of suitable areas for NCAPS installation in Mae Wong National Park

Table 3 Suitability levels for NCAPS installation areas in Mae Wong National Park

Level of suitable areas for Area
NCAPS installation (ha) (%)
Marginally suitable location for NCAPS 39,454.080 43.233
Slightly suitable location for NCAPS 24,541.440 26.892
Moderately suitable location for NCAP 18,217.280 19.962
Highly suitable location for NCAPS 8,995.584 9.857
Extremely suitable location for NCAPS 50.489 0.055
Total 91,258.873 100.000
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ABSTRACT

Carbon storage in trees was assessed in 3 public parks of Tak province, Thailand: Krathong Sai Park, Mae Ping
Tak Park, and Her Majesty the Queen's 60" Birthday Anniversary (Chaloem Phrakiat) Park. In addition, green area
management guidelines were proposed for increasing their carbon storage potential. The diameter at breast height
(DBH) and height of the trees were recorded during January—-May 2023. Then, biomass (both aboveground and
belowground) and carbon storage were evaluated based on allometric equations and the carbon fraction. The
results indicated that on all 3 areas, there were 423 trees in 52 species and 24 families. The total carbon storage
was 129 ton with 9.8, 61.4, and 57.6 trees for Krathong Sai Park, Mae Ping Tak Park, and Chaloem Phrakiat Park,
respectively. Burmese rosewood (Pterocarpus macrocarpus Kurz.) was the tree with the highest total carbon
storage equal to 28.7 trees. Management guidelines to optimize tree density and increase carbon storage potential
should promote planting 108, 148, and 480 additional trees in Krathong Sai Park, Mae Ping Tak Park, and Chaloem
Phrakiat Park, respectively. These trees should be from fast-growing and long-lived species, such as Thai copper
pod (Senna siamea (Lam.) Irwin & Barneby), Burmese rosewood, and Golden shower (Cassia fistula L.), as well as
provincial trees, such as Ironwood (Xylia xylocarpa (Roxb.) W.Theob. var. kerrii (Craib & Hutch.) I.C.Nielsen). Planting
trees also increases biodiversity habitat, especially for insects, birds, and small reptiles. In addition, the extra trees
should attract more people to visit and use the area, stimulating the economy and giving local entrepreneurs more
business opportunities. However, it is important to not damage any structures when planting trees. Furthermore,
all developments should seek the opinions of both the direct and indirect users in order to ensure sustainable

development that best meets the needs of urban residents.

Keywords: Carbon storage; Diameter at breast height; Biomass; Tak Municipal; Burmese rosewood
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Table 1 General information on 3 Tak municipal parks
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Table 1

Park name Area (ha) UTM zoned7 WGS1984
Krathong Sai Park (@3un3gv9a1e) 0.64 513099 E 1866899 N
Mae Ping Tak Park (auanssazuaitemn) 1.44 513204 E 1864997 N
Chaloem Phrakiat Park (@ugns1sauzlaaunsziigsa) 3.04 512740 E 1866437 N
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Table 2 Allometric equations used for estimating biomass of trees planted in 3 Tak municipal parks, Tak province,

Thailand

Forest type/species

Allometric equations References

Dry evergreen forest

Ws = 0.0509 (D°H)**"
W; = 0.00893 (D°H)™""

Tsutsumi et al.

(1983)

W, = 0.0140 (D°H)"*

W =W + W + W,

Dry dipterocarp forest and mixed deciduous forest

Ws = 0.0396 (D*H)****

Ogawa et al. (1965)

W, = 0.00349 (D°H)"*
W, = (28/ (WS+WB+0.025))"
WT = WS + WB + WL

Tropical rain forest or common plants

Ws = 0.0396 (D2H)0.933

W = 0.00349 (D2H)1.030

Tsutsumi et al.

(1983)

W, = (28/ (Ws+W5+0.025))-1

WT:WS+WB+WL
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Table 2 (continued)

Forest type/species Allometric equations References

Dolichandrone serrulata (DC.) Seem. Y = gl#287+ 2609 (ln (OB ~0.021 N DB} b (903)

Mimusops elengi L.

Plumeria rubra L.

Roseodendron donnell-smithii (Rose) Miranda
Syzygium cumini (L.) Skeels

Tabebuia rosea (Bertol.) DC.

Cassia fistula L. Y = 0.1142 (DBH)***" Hung et al. (2012)
Peltophorum pterocarpum (DC.) Backer ex K. Heyne Y = 0.1245 (DBH)*'®* Hung et al. (2012)
Polyalthia longifolia (Benth.) Hook. f. Y = 0.2270 (DBH)*”" (WD)'**'"  Dung et al. (2012)
Lagerstroemia loudonii Teijsm & Binn. Y = 0.1277 (DBH)* % Hung et al. (2012)
Lagerstroemia speciosa (L.) Pers.

Species in Arecaceae Y = 6.666 + 12.826(H)"*x n (H) Pearson et al.

(2005)
Remarks: 1) Y: Total above ground biomass (kg), WD: Wood density (0.51 g/cmia),

DBH = Diameter at breast height over bark (cm), H = Height (m)
Wb = Biomass of branches (kg tree™), WL = Biomass of leaves (kg tree™),
Ws = Biomass of stems (kg tree-"), Wtc = Biomass of stems and branches (kg tree™).

2) Modified from Singkran (2022) and Kliangsaard (2019)

nawazdansal wssaldvinuannfgaluiiud laun dunuwts (Plumeria

o - o > obtusa L.) §1171 68 fiu 5838311 A 319MnY (Cassia
asInuunsiauasInuIuvaInssalldl

‘. ¥ a4y . fistula L) 971U 63 fu wazdsza U1 (Pterocarpus
nMsiiudeyaniaaudluiuing 3 au wuid v

- oy B v o " - . macrocarpus Kurz) auanau (Figure 1)
Hnssaulisiuianun 423 du ruunle 52 vila 24 294

@ Plumeria obtusa O Cassia fistula

[ Pterocarpus macrocarpus B Aeraceae spp.

O Mimusops elengi [ Millingtonia hortensis
[0 Tabebuia aurea O Pithecellobium dulce
[l 7abebuia rosea B Senna siamea

B other

Figure 1 Numbers of trees by species in study area
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Table 2 Top-5 tree species in 3 Tak municipal parks, Tak province, Thailand

Park Family Scientific name Count
Krathong Sai Park APOCYNACEAE  Plumeria obtusa L. 23
FABACEAE Cassia fistula L. 12
FABACEAE Albizia lebbeck (L.) Benth. 1
Mae Ping Park ARECACEAE spp. a1
APOCYNACEAE  Plumeria obtusa L. 37
FABACEAE Cassia fistula L. 30
BIGNONIACEAE  Millingtonia hortensis L.f. 26
BIGNONIACEAE  Tabebuia aurea (Silva Manso) Benth. & Hook.f. ex S.Moore 20
Chaloem Phrakiat Park  FABACEAE Pterocarpus macrocarpus Kurz 39
SAPOTACEAE Mimusops elengi L. 36
FABACEAE Cassia fistula L. 21
APOCYNACEAE  Plumeria obtusa L. 8
BIGNONIACEAE  Tabebuia rosea (Bertol.) Bertero ex A.DC. 8
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Figure 2 Distribution of diameter at breast height of trees in Tak municipal parks, Tak province
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Figure 3 Distribution of tree height in 3 Tak municipal parks, Tak province, Thailand
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Table 3 Ranking based on average diameter at breast height over bark of trees in 3 Tak municipal parks, Tak

province, Thailand

Diameter at breast height over bark (cm)

Place Count
Mean Max Min
Krathong Sai Park
Albizia lebbeck (L.) Benth. 1 39.55 39.55 39.55
Cassia fistula L. 12 28.09 35.67 18.34
Plumeria obtusa L. 23 17.53 28.66 8.60
Mae Ping Park
Tabebuia rosea (Bertol.) Bertero ex A.DC. 3 65.91 67.13 63.54
Syzygium cumini (L.) Skeels 1 64.97 64.97 64.97
Azadirachta indica A.Juss. 1 62.74 62.74 62.74
Bauhinia purpurea L. 1 45.16 45.16 45.16
Pterocarpus macrocarpus Kurz 9 43.60 71.66 28.03
Chaloem Phrakiat Park
Butea monosperma (Lam.) Taub. 5 63.89 72.29 54.46
Peltophorum pterocarpum (DC.) Backer ex K.Heyne 1 62.42 62.42 62.42
Pterocarpus macrocarpus Kurz 39 47.28 79.94 9.55
Millingtonia hortensis L.f. 1 42.04 42.04 42.04
Tabebuia rosea (Bertol.) Bertero ex A.DC. 8 41.59 57.32 23.89

Table 4 Ranking based on height of trees in 3 Tak municipal parks, Tak province

Height (m)
Place Count
Mean Max Min
Krathong Sai Park
Albizia lebbeck (L.) Benth. 1 16.40 16.40 16.40
Cassia fistula L. 12 10.51 16.20 3.70
Plumeria obtusa L. 23 4.10 6.50 2.00
Mae Ping Park
Syzyegium cumini (L.) Skeels 1 19.80 19.80 19.80
Shorea roxburghii G.Don 1 17.80 17.80 17.80
Pterocarpus macrocarpus Kurz 9 17.63 21.20 13.10
Alstonia scholaris (L.) R.Br. 2 16.40 19.30 13.50
Senna siamea (Lam.) Irwin & Barneby 9 15.10 21.00 9.20
Chaloem Phrakiat Park
Pterocarpus macrocarpus Kurz 39 14.47 20.20 5.50
Peltophorum pterocarpum (DC.) Backer ex K.Heyne 1 14.40 14.40 14.40
Tectona grandis L.f. 2 13.10 16.00 10.20
Millingtonia hortensis L.f. 1 12.50 12.50 12.50
Butea monosperma (Lam.) Taub. 5 10.78 14.70 6.20
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Figure 4 Top-5 trees for carbon storage in all 3 studied parks
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Figure 5 Top-5 trees for biomass in 3 Tak municipal parks
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ABSTRACT

The soil properties and carbon sequestration were assessed in forest restoration aged 8 years in Ban Boon
Jam, Nam Lao sub-district, Rong Kwang district, Phrae province, Thailand. The relationship was studied between
soil factors and the appearance of varieties of plant. Data were collected from the topsoil at a depth of 0-5 cm
and from the subsoil at a depth of 20-25 cm in restored forest, remnant forest, and agricultural areas. Soil samples
were collected from 3 sites in each area based on a plot size of 40x40 m. Components of types of plant were
collected from 5 plots in the forest restoration and from 3 plots in the remnant forest to assess carbon
sequestration in plants in the areas.

The study results revealed that the surface soil pH in the remnant forest was neutral (6.77). The cation
exchange capacity in the remnant forest was the highest (12.5 milliequivalents/100 g) and the organic matter
contents in the remnant forest and restored forest were higher than in the agricultural area (6.65, 5.47, and 5.02%,
respectively). Macronutrients and micronutrients in the remnant forest were highest. The chemical properties of
the subsurface soil and surface soil were not much different; specifically, there were no significant differences in
the physical soil properties at the 95% level. The assessment in the restored forest indicated there were 216.45
t/ha of biomass that sequestered 101.72 t/ha of carbon. The remnant forest had 406.78 t/ha of biomass, with an
associated carbon sequestration of 191.17 t/ha. Compared to other areas, the amount of carbon sequestered
depended on the number and size of trees. In addition, the soil in the restored forest tended to be more fertile.
The data obtained could be used in guidelines for managing reforested areas and on the appropriate use of these

areas to increase carbon sequestration efficiency in the future.

Keywords: Soil fertility; Soil properties; Carbon sequestration assessment; Biomass; Forest restoration
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Uadndidudulvg fusuathruseTUszana 1,000-
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Aesdnd dewnldfinaiFenfuiiuiivisdiuiasdaaiuns
Ugndunsziudneiiduislaiuietnndnemsdn
ylmAnnsnsseitusosamniagnaudiuilndides
dwmansznureszuuinatiaaiu deifagtuiunseiu
§n% (Leucaena leucocepphala) Qﬂ‘-ffms[,ﬁ'l,f]uﬁwi’mau
337U M1 IUCN denalvindnldluuiiudngilianunse
Auladusmauwnuld waglud we. 2557 I&insduasy
waratuayunsUgnilugniuuuamsyaesifeiingg
Ugnls! 3 oes Uselewd 4 egna itemsliusslevivesay

Tuynguegeddu Fain1sdndunseiudndluusiou

v
[

Aenaniegnitunawny dsiulunisdnwideaseilis

yauAnwandhau Ysuusimevisluiu wasusunn
nsfiniuasueuluiiufivfiug weenl uasiufiinuns
~ v & v & ° o & a
weldidudoyaiugiudvsuwuImianisiulauuag
nsAnAuA1suauvesduliannnisla suwlaanasly
Uslevuinnusald
¢ ad
aUnIILAaZITNT

Y

NufinmsAnwn
ns@nwnsldusglesifauluiuiidnyguds
fuatna Snnedeanang Saniauns dnsuvannsld
Ussloni @ fuitanun 3 wou Tdun Uail uy (forest
restoration) #8311 (remnant forest) uagfil Ui inuns
(agriculture) mmqammzﬁuﬁwmLaﬂmﬂmﬁ 234-237
wns wuhtiluinisaduayuugnlsl 3 egna Usslowd
4 o814 ileliauluguruannsoldUsslonianiiuild
varnvane fegnisliusslomnifiauuszana 8 U $1umu
Auit 519 weenvddnvusdeauiylud ud 1y
Unaundnlu wus lfiaud o leun dn Uszgin
34 (Shorea siamensis) was guiu (Chukrasia tabularis)
Dudu Aufvszann 10 19 wagitufiinwnsiinisugn
F1lnaomsdninaend Jorgnslduselonii au
Usganas 20-30 U mmgqmms@“fuﬁwmLamanﬁuﬁﬁﬂm

lalwmnenaiu (Table 1 wag Figure 1)

Table 1 Land use and information of Boon Chaem Village, Nam Lao sub-district, Rong Kwang district, Phrae province

Land use No. sites Years Of cropping Altitude (m) Area (ha)
Forest restoration 5 8 235 0.80
Remnant forest 3 237 1.60
Agriculture** 1 20-30 234 2.08
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Study Area
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Figure 1 Study area in forest restoration (FLR), remnant forest (RF), and agriculture (AG).
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1) Lﬁaﬂ'ﬁuﬁLﬁuﬁaaéwﬁuiuuﬂmﬂﬁyuﬂ neau
wariuilinuns wasiegsay 3 90 Lt etideyann
ApszranvAfunIsAtLaznenienIw (Figure 2)

a a
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FUUUNTEAU 0-5 LUURLInNT 9117 3 qm/ﬁuﬁ uaghutu
19fisediu 20-25 LouRiums S1uau 3 ﬁm/ﬁuﬁ udu 18
foens dwiinuszana 1 Alansu/qn

3. ivdeyannuudiuluiuivewinnisyavqu
fufieudn 30 wuRuns Saenuudaiulusuueuiinu
FUVL 0-5 LwURIUAT waTAUT ua 197 5EAU 20-25
wufwns lasldia3 eelle Yamanaka- type Push Cone
Penetrometer was Taa a9 ulud ulneld ad osile
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wazAutuasEAU 20-25 wuRluns (Sakurai et al., 1995)
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Agriculture T
A
A
1.Measure the hardness of the soil.
2.Measure soil moisture.

Figure 2 Soil samples collection schematic
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nsanwIUSuanIsiniuAISuauvaanssallsl
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AunuILy uvoany Ll 1 8219uUasH 08 19v
naiudeyanssalldluiufitniiuy uevdost

1) 1M9udasvunn 40 wWas x 40 was lufufivn
Hunsruou 5 uas wasvdentduau 3 was nely
wlaswUudunyasgauuunn 10 1WAT x 10 1WAT LAY
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Figure 3 Grid sampling procedure (40 m x 40 m plots)
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Table 2 Soil properties under various land uses

Remnant Forest
Soil property Agriculture P-value
forest restoration

Surface soil (0-5 cm)

1. pH 6.77 b 6.01 a 6.37 ab 0.099™
2.Cation Exchange Capacity (CEC)
(meq/1000 125 b 9.6 a 11.6 b 0.016*
3.0rganic Matter (OM) (%) 6.65 ¢ 547 b 2.95a 0.000***
4. Available Phosphorus (P) (mg/kg) 17.27 b 0.97 a 0.76 a 0.003**
5.Exchangeable Potassium (K) (mg/kg) 91.86 83.47 74.5 0.377™
6.Exchangeable Calcium (Ca) (mg/kg) 229292 b 1396.25 a 1610.56 a 0.010*
7.Exchangeable Magnesium (Mg) (mg/kg) 265.94 b 172.70 a 190.81 a 0.035*
8.Sand (%) 59.12 ¢ 4272 b 3752 a 0.003**
9.5ilt (%) 14.2 a 238Db 21.4 ab 0.083™
10.Clay (%) 26.68 a 3348 b 41.08 b 0.007**
11.Soil hardness' 13.67 a 1744 b 15.67 b 0.007*
12.50il moisture” (%) 10.22 10.33 10.33 0.770™
Subsurface soil (20-25 cm)
1. pH 6.70 6.27 6.44 0.483™
2.Cation Exchange Capacity (CEC) s
(meq/1009 11.56 b 9.65 a 10.48 a 0.055
3.0rganic Matter (OM) (%) 5.15 4.86 2.59 0.227™
4 Available Phosphorus (P) (mg/kg) 13.73 0.82 0.88 0.108™
5.Exchangeable Potassium (K) (mg/kg) 76.3 69.34 68.41 0.402"
6.Exchangeable Calcium (Ca) (mg/kg) 2116.86 b 1343.81 a 1700.56 a 0.010**
7.Exchangeable Magnesium (Mg) (mg/kg) 256.79 b 158.51 a 203.20 a 0.020%
8.Sand (%) 572 b 40.32 b 38.32 a 0.101™
9.5ilt (%) 14.2 a 25b 21b 0.014*
10.Clay (%) 28.28 a 34.68 b 40.68 b 0.007*
11.Soil hardness' 16.78 15.78 15.00 0.414™
12.S0il moisture” (%) 10.56 b 10.11 a 10.33 ab 0.075™

Remarks: Values in same row followed by different lowercase letters are significantly different at P < 0.05 (Duncan’s
multiple comparison test) Analysis in the laboratory of the Product Quality and Standards Inspection
Service Institute Princess Sirindhorn Building Maejo University, Chiang Mai province. Treatments marked
with different lowercase letters are significantly different, where * = significant at 0.05 level (p<0.05), **
= highly significant at 0.01 level (p<0.01), *** = very highly significant at 0.001 level (p<0.001), and ns =
not significant at 0.05 level (p>0.05).
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U%uﬁmmiﬁ’nLﬁumé'uauluﬁluﬁﬂﬂﬁuw” wag
wegaul

mnms‘dizLﬁuma%amwmaqﬁuﬁﬂwﬁuw‘j WU
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Wiy 34.63 Ausals (216.45 sureolgnais) Usunu
asAniuasueuluiadinim Wiy 16.27 fuaiiueu
fols (101.72 sualsusumelanas) uladininees
T Tvgy windu 34.24 durels (214.00 dusaLennig)
Yiurunisiniiuais ueululdng vindyu 16.09
fuasusumels (100.58 AUAISUBUADLENATS) LAY
arusanaduairsveulasanlasd tnidy 59.01
suasueulaeenlannals (368.80 Auasusulneenlen
salgnms) WeRasandusiesiionu 5 s1duusniidl
msfinfuensusuldnniian Idun dwdn (Senna siamea)
21433 (Samanea saman) Wany (Albizia lebbeck) azna
(Parkia speciosa) sz (Pithecellobium dulce) A1
WU 3.24, 1.55, 1.29, 1.25 wag 1.25 dua1suaunols
AINaNRU (20.25, 9.69, 8.06, 7.81 Lay 7.81 AuAISUDU
sotanas) lugnldfintadaninsiu windu 0.0162
flusels (0.101 furonans) Usunanisiniiuansueuly
anlal winiu 0.0076 duAsuausials (0.047 duAisueu
Aolanng) uazaunsagaduaisueulaeenled windu
0.0277 srua1suaulaeanlanmals (0.173 duA1sUBU
Tpeenlesnonns) Wefiarsandusevidanu 5 sy
wsn L wn Yoy (Steblus asper) Ns¥ & u (Milettia
brandisiana) \ff auas (Dalbergia dongnaiensis) % 8
(Acacia pennata) ugmaANg (Sapindus rarak) SANYINAU
0.0029, 0.0016, 0.0010, 0.0009 kag 0.0004 fuasuau
fals (0.018, 0.010, 0.006, 0.005 wag 0.002 fuAISUBDY
FOLENANST) ANNAIRU WATUIATININTINVRILH WAy
0.376 sumals (2.35 dusaienaid) USurunisiniiy
Arsvaulule i 0.177 dumisuounels (1.10
AUAITUBUAN DLENAT) Waza1uITanATUAIS UBY-
laeanlan windu 0.65 Auarsusulasanlansals (4.05
srun1suaulaenlanselanns) wu 2 wiia loun lung
(Dendrocalamus asper) wav LW 520 (Thyrsostachys
siamensis) fiAI1AU 0.164 way 0.012 fuasuaumals

(1.025 wag 0.075 AUAISUBUMBLENANS) ANUAFU
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(Table 3) i aiUSsuifiouiiufivailuy wuirnfioglu
sgriensitufainasidadennaiuiiniusgaseLios
F s muanenszuaunisil usamusssu Al uls
wigAvladuazilvuiaian dewavinldunadaninuay
USuraa1g uoudA1s1naa (Srethasirote et al., 2011)
A9AARBINUNISANYIVBY Wanichanukul et al. (2022)
wu11 Ysunamadinmvesiuldludivgniiniadanm
9 42.25 fusiols sulifnataningean Ae &n widy
21.42 ¢runols so3a3u1 lawn 08519 (Peltophorum
dasyrhachis) UsggUn navans (Albizia chinensis) waggan
aUfa (Eucalyptus camaldulensis) AU 8.41, 4.04,
237 waw 2.02 fusels audisiu Jeiusunanisinuiu
AsuauTIL 19.86 dumrsuaunsls duldAdusuim
n1simfivuuiuaisveugsan fe dn wiadu 10.07
Aupsueusols sesawn Tk axs1e Usegun navans
wazga1duda dAuvindu 3.95,1.89,1.11 uay 0.94
flupsuaufals AuaIAU

1189301574 (total biomass) veanssauldnn
gilaluituiingouua wudn Sa1vnfu 65.09 dusiels
(406.78 funolanai) USurmnisiniiuansueuly
1I8T20IW WA 30.59 dum1sususals (191.17
AumsuBUsBIEnNAN3) wuatinwsamvedldlng wiiu
64.88 fusals (405.50 fusaianais) JUSuansiniAy
Asvaululiilve) Wiy 30.49 dumisueusels (190.58
AuAsUBUdalEnmg) wavaunsagaduaisuelaeanlys
WinAu 111.81 suarsveulaeenlannals (698.81
fumsuaulasanlesratanad) wWeRarsandusesia
wu 5 grfunsniidmssniuaniueulduiniian léun &n
UszgUn 9 une uagUaunuinn (Grewia eriocarpa) flAn
Windu 12.68, 7.62, 2.57, 2.46 uay 1.41 fuarsuourels
(79.25, 47.63, 16.06, 15.38 Lay 8.81 FUATS UD UMD
W8NA13) MNa1RU waTinmsivesgnld wiriu 0.0163
furals (0.102 Ausalanms) USurunisinifiuaisuey
WINAU 0.0076 AuA1sUBUsBLS (0.048 AHUAISUBURAD
LenA1s) wazarunsagaduais veulneanled
WAU 0.0280 Aual1susulnesnleanels (0.175
fuarsuaulaeenlanraianais) Aarsanlusiesiiany

5 drduusnfidnsdniiuaisuveulduniian laun was
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guAU W (Oroxylum indlicum) & e (Vitex canescens)
U@ (Antidesma sootepense) HAMYINAY 0.00181,
0.0013, 0.0009, 0.0008 #az 0.0007 AuA1ISUBUABLS
(0.0113, 0.0081, 0.0056, 0.0050 tay 0.0044 fuA1SUaU
AeLEnans) Auany wazanatininsaulinnele wiidu
0.189 sumels (1.18 fumeotanms) USuranisiniiy
ASUBU WU 0.089 Auarsusurals (0.55 fuasuou
Aalannid) uazaiursanaduals veulaeanleyd
AU 0.33 suaisueulaeenlaanals (2.03
sursveulneonlaanolanais) wu 1 wia taun Tuls
(Gigantochloa albociliata) (Table 3) W erUssuLiay
Usinasnatinmuarnsindtuedvenluiiuiiguianen
goguNTB-WNg sualing Suneduua Jmingnshng
wulufiuituyguduannnd Tasusuanisini
Asvaulunadinmveslddudusuininguazlnlussuu
fnadnuganssaiifusuiunsinfiuaisveuriafu
9.36 fuasuausals uazUnuganssanauln SUsunw
nsiniuasusulumadinnaesliilug windu 7.45
fuAsuaumsls (Maosew et al., 2019)
AMUFUNUS SZHIENURAULAZUINMNIA
G?J'meiuﬁuﬁﬂﬁﬁuwu uagudautn

NN AIRUFIRUT VAU RUINITAANE LD
U9386875 Detrended correspondence analysis (DCA)
WUTIAT eigenvalue UUWNUT 1 (axis 1) wazwAuT 2
(axis2) uazunudl 3 (axis 3) fiAwinfu 0.87874, 0.22849,
0.12930 n15tdunud 1 wazunu 2 lun1sesulena

AnuduiusIsiaugndewnniiga lagaunsadniun
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=

ilaliineuaussennantAnuoganiau (Figure 4) G
ﬁuﬁﬂwﬁuﬂdgﬂﬁ’mumﬁwauﬂ’ﬁﬁum&mamw Tauwn fu
20 fumden erwudsosiu uasaruduluiy sl
wuasiuiivnfuy Tdun auefiunn (TEBE) ugediame
(SARA) 1izndu (ADPA) Ty (MIHO) Fimidn (SES) (usiu
Tusuvesasiimaaiinuifiuiiftuylidtadensi
wilifudarimun esmniasdufiufinunsdaisnn

nowhlniinisldsinermslunisasyivlnvesiug 8n

v
v

Mafinssuniuguussetsroiiesdenalifudonanin
91NN13AN®IYD9 Boontoon et al., (2020) U1 N1SKEN
wlsluszuuinuns wu 91ilwe SudUends wasdas n1s
lowsudouuanmituiliaiiaueuasidn ey
Fumeuiidrdnielfldnandngs mnmslonsausnnidu
Anusnduaziianisissnsaasfiivesdunietngludu
og5an57 AeliiAnuniuudsifmiAuasdusule
N53U (plow pan) Sasniseufuivesiuananini
Iauminfafud s uieiligadesinoimsluiy
pznouAu wazslvAAonan AW IMIsNE N TIIAE
agauanysal ludruresiufind e antifuma
menn IiuA funseidvuadnuuedseuiivlinaundn
Tulufiuiidsndn sialdiduvosiufindoutn wwu &
(TEGR) was (XYXY) Uszg (PTMO) manudn (VIPE) uagss
(SHSI) 1Husf TuvaziingoutngnimunfoaudAnumg
Wl N15aLausINNaN wags1noImMITTeY kasUTunu
SunFetng winniituiiviiuy Wesndunieiagdu
Fagduduidadgesaarsnargluiusineimisiilu

UsgleadnanmsasqAulauesiiy (Massaccesi et al., 2020)
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Table 3 Biomass and carbon stock in restored forest and remnant forest

Biomass
Total Bio- Carbon Carbon
Community ABG (t/rai) Total Bio- Cco, co,
BLG Root mass stock stock
characters ABG mass (t/rai) (tCO,/rai)  (tCO,/ha)
Stem Branch Leaf (t/rai) (t/ha) (tC/rai) (tC/ha)
Total
Forest Restoration Tree 22.07 4.04 0.85 26.96 7.28 34.24 214.00 16.09 100.58 59.01 368.80
Sapling 0.0109 0.0013 0.000436 0.01 0.0033 0.0162 0.101 0.0076 0.047 0.0277 0.173
Bamboo 0.376 2.35 0.177 1.10 0.65 4.05
Remnant forest Tree 41.04 8.66 1.39 51.09 13.79 64.88 405.50 30.49 190.58 111.81 698.81
Sapling 0.0111 0.0012 0.000441 0.01 0.0035 0.0163 0.102 0.0076 0.048 0.0280 0.175
Bamboo 0.189 1.18 0.089 0.55 0.33 2.03

Remarks: AGB = above ground biomass and BLG= below ground biomass.
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ABSTRACT

Subalpine plant communities have unique characteristics and are very important in the ecosystem.
Currently, there is increased awareness of climate change and its potential impacts on ecosystems in Thailand and
globally, with the need to balance natural and environmental sustainability against human developmental
pressures. However, there is limited knowledge regarding subalpine plant communities and the importance of
subalpine plants for the well-being of natural ecosystems. Especially in Thailand, there has been little published
Information and overall knowledge about research related to subalpine plant communities. The main aim of the
current study was to provide information for the public and relevant people to understand the importance of
subalpine plants from an ecolosgical perspective Therefore, this article collected academic documents and
fundamental knowledge related to subalpine plant communities, the biology of subalpine plants, characteristics
of subalpine plants, the status of subalpine plants, the importance of equilibrium for the growth of subalpine
plants, and the value and importance of subalpine plants as they affect the ecosystem. The results of the analysis
showed that subalpine plants are important for their environmental and ecological services. The different
characteristics of environment, topography, climate, and altitude were identified as influential factors for different
plant societies. The accumulated information should help to promote the conservation of environmental diversity

and to realize the importance of subalpine plants in Thailand for improved sustainability outcomes in the future.

Keywords: Characteristics of Plant Community; Ecology; Subalpine vegetation; Doi Luang Chiang Dao
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Figure 1 Subalpine ecosystems and forests extending to upper limit of tree growth

Source Hofman and Meryl (2023)

Figure 2 Subalpine forests and general geography of Doi Luang Chiang Dao, Chiang Mai Province, Thailand

Source Google Earth Pro (2023)
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wns wid 048 83u7 (Impatiens kerriae Craib) Wi suilae
(Impafiens muscicola Craib) WN4998%3DLOAADSITEIA7
(Aster vestitus Franch.) La®3 19 81L% 89a17 (Geranium
siamense T. Shimizu)

lambertii  Sweet  subsp.
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JEAUAINES 1,900 RS 8WARWAYY (Synotis triligulata
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TEAUAINNEGS 1,800-2,100 1unT §9n1ULT 8917
(Strobilanthes chiangdaoensis Terao) @d a'la Y UYIN
(Euphorbia prolifera Buch-Ham. ex. D. Don) S¥9UAIES
1,850-2,190 wins a5 (Caryopteris paniculata C. B.
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Sweet) 5¥AUANEGY 1,850-2,200 LUAT 3197190 NA9
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dosua Buch-Ham ex. D. Don) 5£9UANES 1,900-2,200
WAs 1919 (Senecio craibianus Hoss) ix@u‘umqu‘i
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FEAUAINGT 2,000 LUAT AL IR (Trachycarpus
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oreophilus Gibbons & Spanner) ¥R UANET 1,900- Aedalniliiesrioien Faduivusedrfulussuuiivne
2,100L013 Andl (Acalypha spiciflora Burm.f.) s£6uA11Y Asdalmilguniuyuuuneenaindemn Jwindedlng
49 2,000-2,100 w5 Tuduil AoiBeanaduduliibudu (Figure 3 uag Figure 4)

Figure 3 Subalpine trees on Doi Luang Chiang Dao (Trachycarpus oreophilus Gibbons & Spanner)

Source Forest Herbarium of Thailand Forest Botany Division (2017)

Figure 4 Subalpine trees in limestone ecosystem area of Doi Luang Chiang Dao

Source Palmpedia (2022)
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