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B oo eqEe ARE AdA9e] LULC map,
Digital Elevation Model (DEM), Road map, Slope 5 47§ &
Folth, LULC mape #4378 BA ] 20l A 31319l
EGISelA Algsh= LULC map Wi, T, AlEi=
T-EE, B ATl 4 3= Urban, Agricultural, Mixed Forest,
Meadow, Wetland, Barren % Water 5 77 5o 2 &%
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regulation® 1% 3} (contiguity) neighborE A= o] A+
BE aeste] 1 e WstE WAtk B el
Equation (6)3} 72 standard contiguity filter (5x5 matrix)
£ o]gsle] CA Ryl &8st

00100
01110
Standard contiguity filter = |11111 ®6)
01110
00100
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4.1 =&% TPMe] A

CA-Markovg ©]-&3to] =55 TPM2 %37 2t TPM
£ LULC column®] iteme] Probability of Change column®]
itemo. = W3lst = = FE (probability)E Jv|stH, Z+
o] g&9] 3k 10] ¥t} LULC column] item % ‘sum’<
Probability of Change column®] 7+ item®] 3HS YeRATh
TPM 1989-1999¢14], LULC column®| Probability of
Changet™= ¥ Agricultural®} Mixed-Forestol 4] =4 1+
Ebstth LULC column % SUMS %3l Probability of
Change & E} itemol W& Agriculturale]  2.660,
Mixed-Forest7} 2179=. 37 Uelka-2 A84 oz & 5= Sl

[3 3] 1989—1999 & 1999—-2013 “5<te] Transition probability matrix 22}

Probability of Change

TPM LULC

Agri— [Mixed
Urban cultural —ForestMﬂbN VWetlandBarren|Water|

Urban __[0.232 0,465 0.139 0.063000000.037 0:015

Agricultural |0.057 10,526 0.304 0.0620:0000.0460:008
_“gfr%it 0.012 0.159 0.7770.0370.0000.0130.003
?58% Meadow |0.041 0,412 0.448 0.057040000.0360:006
1989 [ Wetland_0.090 -0.446  0.237 0.058 BH0B00.0560.114
Barren __0.088 10,482 0.199 0.084080000.0990.048

Water _|0:021 0.171 0.075 0:022080010.0460:665

Sum 0.541] 2.660 [2.1790.382[0.001[0.382]0.855

Sum—Ttself [0.309] 2.134 [1.402{0.325[0.001]0.283]0.190

Urban 0.736 0.134 10.005/0.0480.0130.0500.014
Agricultural [0.091 10.728 0.085 0.0430.0100.0290.014

. 0.005 0.033 0.9230.0310.0000.0080.000

TPM —Forest
1999 Meadow |0.116 0.232 0.271 0.3260:0010.0480.006

~9013 Wetland [0.539 0.087 [0:00010.0820.0840.0510.157
Barren 0.260 0.288 0.0520.1250.0420.1650.069
Water 0.0000.000 0.001 0.0060.0120.0160.965

Sum 1.747]1.503 [1.336]0.662]0.162[0.365[1.226

Sum—Ttself [1.010] 0.775 [0.413[0.336[0.077/0.200]0.260

a9 4= TPME raster® F33 Ao® I8 4(a)=
1989-1999¢] 2 LULC7} Agricultural 2 ¥ 8}s}= TPMS:
1% 5(b)¥= 1999-20139] thekst LULCZF Urban® ®¥8lsh=
TPME Yepdth 17 4(a)oll A Agricultural®] TPMeo] E}
Ao wl&l] gk TPMe Waks HoFa Qe o=
Mixed-Forest7} 47491 9] @& Ft-& AHA]817] wiito]7]
T 3, o] %A e 7 32 TPM 1989-19992] 4 3}l
g&E7] WEo g FakEct 23 4(b)ol M+ Agricultural

9 Mixed-Forest”} Urban®.2 W 38}sli= TPMo] &itst 7
o2 ez, o] Eg i 39 TPM 1999-2013°] Azt
H-&H7] WiEo® rﬂrﬂrlzhjr 5;] Mlxed—Forestﬂ a9
4(a)®] TPM#}= B2 &

3L et o= ' 29 =
L}, UrbanQ] Ne =729 o
A3} mHEs Ao 3

from 1999 to 2013
[2” 4] 1989-1999 and 1999—2013 “&<Fe] Transition Potential

Agricultural from 1989 to 1999

4.2 LULC 45 A%

LULC o1& Axe 17 63 2o, 1% 49 o] TPM
1989-199991 2]t 201813 2] LUCC ¢l P-LULCigs9-1900-2-
=, TPM 1939-19999] ©J& 2018d¢] LUCC o5&
P-LULCigg920132-2, 34 2018 LULCE= LULCysl.2 &
skal ZF LULC 7] #fo]& nlaLstinh 3 49 Difference 1
< P-LULCyge0 19997 P-LULCiogg 20132+8] 25 WERU=H),
Urban % Agricultural & 742} - 27105 km” % 317.21 kmi* 2
Mz o] zols HolwA] UrbanXth Agricultural®] 4 o]
Ty Ao yehutl E 49 Difference 2% LULCos
7 P-LULCiwozetel 28 YER=d,  Urban,
Agricultural, Mixed-Forest @ Meadow”} 2t} -169.21 knr’,
-6L76 knt* , 6360 ki’ 2 15878 kni*e] WA o] & LEl].

P
(b) P-LULC)959.1999

4
(a) LULCyy5 () P-LULCy9092013

[2¥ 5] LULC 4% 23

[3 4] LULC o5 23 31 @A) LULChe] v

(a) (b) ©)
LULC LULC | P-LULC | P—LULC
2018 |1989—1999[1999—2013| (b) — (¢) | (@) — (c)

Difference_1 Difference_2
kot (knt')
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(1.0 %)| (0.0 %) | (0.6 9%) | ~26-35 | 16.13

105.71| 113.14 73.17
Barren |55 )| (2.7 %) | 1.7 %)

10413 5012 | 1442 | _ -
Water (5.4 %) (1.2 %) | (3.4 %) | ~94:09 | —40.08

SUM 4260.9 | 4260.9 | 4260.9 0 0

39.97 32.54

YATAl A8 7oA LUCCe M2 4 2.
W& Wsks delstaa) i 28 ol gste] E 2
ol & ¥ 59 o] YERILE & 59 (a) P-LULCig-10092]
T4 edFaFol A P-LULCig o038l T4 Qs
< omjght). of7]A], Agricultural % Mixed-Forest®]

o] F7Fgtel E¥stal, BOD, TN ¥ TPe| 4 2.9+
gl JAIZF B mpoly s gho 2 UEpsit o] 3 29
A b wke} o] Urbanell A ¥i& %)= BOD, TN % TP
TALHEH AE97} B EXJo]&ell Hl3] BOD= 44-924H,
TN+= 8-184) 2 TP+ 5-784) 7¢] Afo|7} 7] Wit o=
etk 3 59 (b)= P-LULCig 20139 4 .93t ol
4] LULCy1s°} "Fé] 9—?3“‘?“0}'%1:’5 W Zhs e o= &

s
9] A7} 5 Sels oz veh), TVDL 70 919
4 wAsl 344 adhe Bushl e Ao wa

t}, o= 3 49} 7o) Urban 2 Agricultural®] A2 o] Z7}3}t
G771 wiEo s gy =08 dQlo® oA Ae Urban
o] FHHAEA Iy wwo= Ayzbert

[ 5] Variation of pollutant load difference

(a) Pollutant Load Difference between
P—LULC1989-1999 and P—LULC1999—2013

LULC Biochemical Total
Oxygen Demand(};mﬁl Nltéoge{l Phosphorus
(kg-km™*-day” D\ 888 Ay iy okm=?-day )
Urban —23283.2 —3710.7 —569.2
Agricultural 618.6 2537.7 134.8
Mixed—Forest 47.9 113.3 7.2
Meadow —16.5 —13.0 —0.5
Wetland —25.3 —20.0 -0.7
Barren 38.4 30.3 1.1
Water -90.3 —71.4 —-2.5
SUM —22710.5 —1133.9 —429.8

(b) Pollutant Load Difference between
P—-LULC1999—2013 and LULC2018

LULC Biochemical Total
Total Nltrogen
(i ekamday D giuPIs,)
Urban 14,535.2 2316.5 355.3
Agricultural 120.4 494.1 26.3

(km®) (km*) (knm?®) Mixed—Forest —59.2 —139.9 -8.9
248,71 146.87 | 417.92 | - Meadow 1554 —1205 —13
Urban |58 )| (3.4 %) | (9.8 %) | ~271.05| ~169.21 Wetland —155 —i2.2 04
: 790.68 [ 1169.65 | 852.44 - Barren 312 17 09
Agricultural |18 6 9 (97.5 %) | (20.0 %) | 31721 | ~61.76 Water 38,5 30.4 i
— 9607.42] 2595.3 | 2543.82 SUM 14,4357 35436 368.2
Mixed—Forest|(g1 5'9) (60.9 %)|(59.7 %)| °148 | 63.60
361.56 | 18561 | 20278 | _
Meadow |(3'5"%)| (4.4 %) | (4.8 %) | 1717 | 158.78 5 A=
] 42.69 0.21 26.56 ==
Wetland
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