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Project Title : Geographic Information System of Pakphanang Basin :
The study of sediment quantity of Pakphanang Basin
Investigators :  Suthira Thongkao and Raviwan Putthong
School of Engineering and Resources Management, Walailak University

E-mail Address : tsuthira@wu.ac.th

Abstract

Physical features and human activities are mainly causes of weathering and erosion of
Pakpahnang basin. Rain is one major factor of soil weathering and erosion. Soil from erosion will be
transported from up streams down to main rivers and finally to Pakphanang bay. Human activities are
accelerated factors particularly from land uses. Sediments from erosion will affect animal habitats, living
condition and surviving of natural aquatic animals which are main food for Pakphanang communities and
direct affect to quantity and quality of water consumption in the same time.

This study applies geographic information system to determine the quantity of sediment deposits
in Pakphanang basin with mathematic model and field sample collection. Universal Soil Loss Equation
(USLE) and Unit Stream Power-based Erosion Deposition (USPED) model are applied in this study to
determine potentiality of erosion and consequently the location of sediment deposition from erosion. A set
of ArcGIS program and ERDAS are used in processing, and measure sediment quantity, river width, river
depth, cross section area of the river including volume of water flow in branch streams and main rivers.

From the evaluation of soil loss by using USLE and USPED model at Pakphanang basin
indicated that the erosion evaluated from USLE equation shows the severe erosion (over 20 ton/rai/year)
covered 153.704 kmz, very strong erosion (15-20 ton/rai/year) covered 40.70 km2, strong erosion (5-15
rai/ton/year) covered 278.20 km’, moderate erosion (2-5 ton/railyear) covered 320.14 km’, slightly erosion
(0-2 ton/rai/year) covered 3,201.22 km’. And, the study of soil erosion and deposition of sediments from
USPED model evaluation indicated the weathering and erosion covered 3,147.15 km® and sediment
deposition covered 1,078.38 km2, The soil loss as high as 9,391,809.90 ton/year or averages 0.084
ton/railyear.

From field survey, data are collected from rivers including the data of suspension sediment,
sediment at bottom of river, water flow rate and cross section areas of Chaouad- Pakphanang cannels to
evaluate the quantity of sediment that flow from upstream to downstream. Certain amount of soils will be
trapped in between transporting while a part will be transported to natural reservoirs. The sediment in
Chaouad — Pakphanang River has yearly quantity average 21.558 mg/l, with rating 9.625-35.835 mg/l.
The width along Chaouad- Phakphanang River varies from 17.44-337.91 m. and cross section varies from

84.65-2,486.74 mz, where the width and cross section of downstream is wider than the upper stream.

Vi



Approximately the volume of water 1,500 m’/sec can flow through Utokvipathprasit irrigation; usually the
dam will be opened during November to January of each year. The mass of sediment was collected at a
station during the gate of Utokvipathprasit irrigation is opened, approximately 27.42 kg/m3. So, the ability
of Utokvipathprasit to let sediment in the mass of water flows up to 41,122.50 kg/sec.

The percentage of organic maters in sediment found downstream backwards of Utokvipathprasit
irrigation is higher than in the sediment bottom of Pakphanang Bay. The percentage of organic matters
found in sediment at bottom of river varied from 1.70-6.26 % (average 4.2 %) while found in the sediment
at the bottom of Pakphanag Bay varied from 0.76-1.54 % (average 1.26 %)

To prevent and decrease the sediment from soils weathering and erosion of Pakphanang Basin
can be initiated by introducing correct education and look after purposes of the land use properly
conform to physical features of areas, including close and open irrigation gates management with

incorporation of every stakeholder.
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ED(x,y) = div(T(x,y)) = Klgrad(h(x,y)) - s(x,y) - sin(b(x,y)) - h(x,y) (K,(x,y)tK(x,y))] (@)
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T=RKCPA" (sinb)" (3)

Ineg R~i"
KCP~Kt
LS=A" (sinb)"
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ED = div(T-s) = d(T -cos a)/dx + d(T - sin a)/dy (4)
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Mg 110,735.42 4.423




A13197 5.1 (5i8)

AT T o (19) AnluSesazanditud

il Lgﬂdﬁ:ﬂ uazilan 61,642.49 2.462
ALl 6,647.68 0.266
£79N15 32,765.93 1.309
NNV UE 441.47 0.018
g19n1- Il AN 36,581.49 1.461
aonuFinsaumeiawla 1,154.20 0.046
A0NufisNanns 4,824.70 0.193
auniiu 2,222.03 0.089
AUNAN 21,926.41 0.876
anunanLaz ey 15,921.10 0.636
gnaLfin 1,353.86 0.054
Widlenin Lagain 141.56 0.006
Wiaus 5,140.88 0.205
LGTN 12,544.85 0.501
Lmai\'iﬁ’w(zﬁw%u) 5,844.57 0.233
Ifinanan 9,549.75 0.381
Ifnanan-u1dia 2,108.00 0.084
linanan-a19n3n 33,095.15 1.322
Tnanan-Tdwa 73.30 0.003
IffEiumuna 340,323.68 13.593
lundaunau 48.31 0.002

293 2,503,692.44 100.000

a1 : rudeyaansaumeniimans (neuimuNAaY, 2543) waznisuladeayaiiniinainamaianiseinia

1:25,000 (2545) $98AUNN7471999 TN AZ U
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5.2 NITELAININANE
TunsAnsaseldlduuuaiaasnisgodafuaina (USLE) ieAnsAnan waesnisiianisgs&ns

o a d” A H ¥ o A = o % o
QV]@’]FJT@QG‘]HIMWHW@NU’] T (ST LN USPED IWNAANENERINNITTEANAINALATNNTANAZNAW LYW

& d, ¥ o y ¥ oo de o o da
nungquininniis e ldreuanguunmsiniue dlaansuimunnam

521 msAnsleglduuudnaninisguidaauaina

Tunnsnlddnindudeyasudsnldluuuudnaesaindayasiie) dun saudstidundinldiinnag

o

TLANAINAE (R) AIULIAINAMNUABNITYNTEANAINANEYeFU (K)  Aoudsaningdiszine (LS) #a

i
usnn9dpnIsmensinemIvTedsnaguan (C)  wazdiautliniatlesiuniszdneinans (P)  wazdndu

ANgUUSNIRNL RN unsgry @il 5 szAuAuandlupngei 5.2

F19797 5.2 STALANINTIHIINTBINIIGTYIAY AL

o

FEALANNTULINTBINIIGTY AR dnsnegryidenu (Fw/ldal)
1. s 0-2
2. thunans 2-5
3. JUUIY 5.15
4. JUUIINN 15.20
5. UuINNTigN NNN31 20

AUN NINARUAAU (2543)

NIAANNITLANRINATa9AY ATHAINNIINIEINTeUnHuTANNIENLR AULATUN et R0 A
X dda o & N a PN a N a \ o a A o >
UeiunniANaIaduivetaivze luidsnaguiu uazeaialvseliinisdnanishuiailasiunisazdng
o v SO T R SR} ARU - N P
#nang nstedeianansaesiuaziialfuningailanuntiulitidanaquanuarliinisdanisivetlaaiy
N3 ANNINANUTBIAWITDAUNINTBINIIAANITEANRINATBIN LT gHUNLNNITR TaTuAgeganes
nafiansszdeienatgresfunaisaiaiuls  IhnanisdAnsseuanslumngen 5.3 uazgilfi 5.2 dou
Y o A o & = o a o pry o Y o Y = o
nsgzdnsiananeilaateiedsnaguausaznisdnnisiietlasiunistedaianans liuan1sdnsss

wanalupenen 5.4 uazgiln 5.3

| v
o a

F19797 5.3 uAASNUANHANEN W8N 19AANs Tz AR Inane TaaiunguEnguint e

A e (19) Satnzaeeiul  BunouAnew (/)
an (0-2 siw/lda) 817,559.55 32.75 84,601.10
unans (2-5 fw/lda) 169,583.41 6.79 633,690.00
U39 (5-15 6iw/1a/Tl) 726,076.52 29.09 6,726,140.00
TULSINN (15-20 Fi/l3/A) 144,006.31 5.77 2,490,680.00
UUTNNTigR (nndn 20 Ga/laE) 639,023.38 25.60 83,721,900.00

393 2,496,249.16 100.00 93,657,011.10
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= X Ao = P = yaia o o o
A13199 5.4 LAAINUANNNIINANIITLANAINANLTBIAURANANINNT TN ALLAZNNIAANITINaTIaeiuNIg

TLANRINANE

YA e (15) T B YO — (Fa)
e (0-2 fw/ls/) 2,000,762.53 80.15 468,010.00
nunans (2-5 si/l/a) 200,084.92 8.02 648,169.00
U39 (5-15 s/ ld/al) 173,874.97 6.97 1,483,990.00
TUUIININ (15-20 fiw/ld/a) 25,440.23 1.02 439,090.00
JuLsINNTg (W1nndn 20 F/leral) 96,086.51 3.85 5,645,050.00

293 2,496,249.16 100.00 8,684,309.00

AINANINN 5.2 uaz 5.4 wudranwenislideslemiiauuaznisilesiy aunsndesanaanuguug

2R9N9TEANAINANE AIUAnluANI197 5.5 uazgLln 5.4

= L Sda v o = yaia o = o
A9 5.5 WAASAUNTIAANNITEANAIMAITAIAUAARIATNANINNNT M NAULAZN199ANNTINeTlagiunng

TLANRINANE

9YF e (19) i Y T p - (Fa)
anas 0-2 pi/13/dl 821,095.10 32.89 81,206.70
anas 2-5 piy/13/1] 185,920.43 7.45 606,853.00
ana 5-15 fw/l4/al 744,810.87 29.84 6,394,480.00
ana 15-20 piay/13/2] 142,105.29 5.69 2,316,790.00
anaa 11nnan 20 sw/ls/al 602,317.47 24.13 75,477,200.00

993 2,496,249.16 100.00 84,876,529.70

Buruduiigydadelifidadanmnslddsslanfiauuaznissaniniietlasiunisszdng
Wanane 93,657,011.10 Fuseil vnmutaseaninnisldiszlaniauuaznisianiailetiasiunisszdng
WananglumsaAnuanasiiBinnmuigudaanguinnwiaites 8,684,309.00 fusied Faaninnasld
ﬂﬁ‘:‘ﬁmﬁﬁauLmeﬁmma‘Lﬁ@ﬂmﬁuﬂﬁimﬁwﬁ\mmﬂmmmﬂ?mmma@;m&lL?ﬁﬂﬁuiﬁ 84,876,529.70 Fiul

piall
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5.2.2 NMSANHIAMIINNTTIEALATanTIN1sNLaNiae LUy USPED

Turnusiinszdaanznanllfungatin arlnenauUNEILANALNAUIENINNITAADLE N NZNDL
FeanunanAnu saauuudnaes USPED Taalddayasine nldluntsdnsuundaiaes USLE 1un fiaus
2; ‘ﬂl o v a v o o 1 v o a o/ a
wlunin liiiannstedeianans (R) dautlsaauamusanisgnacdnsiimanaaessiu (K) fautlsaningi
Ugzina (LS) [;TfaLLﬂsmﬁmﬂwmqm?mmu‘?@aqﬂﬂﬂzguﬁu (C) wazpanlsnistlaaiunistzatananans
(P) wansANERIFANUULANae USPED 1inassuanslunisnei 5.6 wazgin 5.5 Inswundoudouluny
qridmINITTzaNetiay (0-2 f/laAl)

a

I~ X dda = Yy o = o/l o
A199% 5.6 WAASAUNNANNIIAANTITL AR AL AUANANINNNT I NAULazN19T]agi

v v o UTunumznay

sTAU Wan(ls) XReaTIRINUT

(GI%)

é“mmﬂ’mzé’wqul,l,mumﬁ@m ({91 20 F/ls/) 422,842.37 16.94 -125,241,000.00
ARINNITANIUUIINN (15-20 F/19A) 47,379.49 1.90 -822,043.00
AmINITLANULeS (5-15 Fiw/l9A) 179,532.44 7.19 -1,645,460.00
fnnsrzdreliunans (2-5 s/l 123,126.68 4.93 -410,551.00
fnsnsrzdstias (0-2 w/ls/d) 1,049,379.74 42.04 -155,619.00
fnansiunnties (0-2 fy/la/a) 144,708.09 5.80 90,089.10
fnansiunulunans (2-5 sw/ldal) 69,578.62 2.79 232,899.00
ARINNIRLNNUNeS (5-15 fw/ld/A) 107,524.74 4.31 994,118.00
AMINILDNTUUIINN (15-20 61/ Ld/A) 30,516.33 1.22 529,757.00
ShaNeTLNNULIINNTIgR (nndn 20 Fu/li) 321,660.65 12.89 117,036,000.00
293 2,496,249.16 100.00 -9,391,809.90

a a

annuanisiazidaya Tnaldauntsgo@afuaina wudidUsuiuAugidaainnistzang

(7

v
o

Winanalununguuninwilaiaunn 8,684,309.00 siusiall Anilu 3.48 fusialssiatl luasanganainwils

'
=] a

uazmnail InedBuuiaNdguBINseauaInan (T10ydY wazing, 2549) TNHTHNMAUgnABATN
NsLANINanAane 22,951,339 siusiatl sl 4.9 Fusialdsiel aunisnisgoyduauainaiuannisniionld
o Y a a Jo = & \ X A %
NN widesaaannisgoydaauainaarldarilaienisannznausendnanelunuingumi

annsAnensredwluguinnnilalagldannis USPED TeazAnilsdan1amannznaussngnanig

WUIHAUATRAN9gEY B8 AUAINNISTEANRINANEiIuNn 1,822,260.72 13 uazdliSununisgoyidasy

PN 128,274,673.00 fusall AUNUNNAANIIUINIRIRZNAUAUNTIUNA 673,988.44 lduasd

A a A

PFHNnunN9iuanaeemznauAuiainn - 118,882,863.10  siusell sununisguyidaauiiinnisgzans

WaanginainnisanaznausdalliununsgadsAneananivuiguintnnids  9,391,809.90 fusiall
Al 3.76 siusialdsell TualUiuunainganinnilwasidnnmadadiuennlng veliavetiuniste-

a U

v
°

D P ATl
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53 dFaamznaulununguuilinnwila
53.1 dsuamznaulunaain
X A L% o Ao X A = o

anniui luguintnnilsdouluiansoasduiunsusuun daouaiaduties Inaanizly
dal d‘ o o o = 1o o o A d’j d‘u %’ = %
wungnalnniis ennedaslung ennetresnuwazanneiang iualeuiuniuui lnadniaiigann

o ¥ ood @ d v o &
waneae lnaasgaassazatnuazudiilinnil Faduwamivnzneuldiduatineg anmnuail Tasanis
aglsnmunqaAneuaziiusisatanzneulngdana NN AN UANLAZAAIINAIUIAT1 TRBEHAINFUTN
ARDITLAIA LFNDUANLATZEIA 81NaTra9n aulsuTnulilssnseunatirgnninigilsydns udvitnwiia
AILAUIANAZGNNN 81Nal NN sauvienan 18 annll ldnanisiwssiiuanslunied 5.7 uay 3uf

5.6

A13799 5.7 wana1Bununznanluuatn o aanilifusaasing 18 annil

- . Funuresudaiaquans(mg/l)

A0 Tenl A v v LA
AN ATIN2 ATAN3 AINN4

fov 44.33 34.50 23.33 15.67

1 P 31.33 37.33 28.00 12.83
Naarin 33.17 31.67 67.00 11.50

Aot 37.33 38.83 25.83 13.50

2 e 31.83 38.83 38.17 17.50
Nt 38.17 33.83 46.17 18.33

fov 30.17 32.00 38.33 12.00

3 P 35.00 39.33 38.50 16.33
i 34.50 25.67 29.17 16.17

At 4467 25.00 22.33 9.67

4 nanaih 49.33 31.83 24.67 12.00
Nt 29.33 27.83 22.00 16.50

Ao 39.17 31.83 26.17 10.33

5 e 61.67 37.33 15.83 18.83
Ny 63.33 35.83 27.33 13.50

fov 45.50 37.17 22.33 12.83

6 ANt 47.67 27.83 5.50 14.83
Nt 56.00 36.50 13.67 16.83

Aot 14.83 21.00 25.50 14.50

7 e 44.83 25.67 20.17 16.67
Nt 31.00 29.33 13.83 13.67

Ao 27.17 22.50 6.50 12.67

8 nanatin 17.17 26.50 10.33 14.17
Nz 23.83 24.67 433 13.33
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R399 5.7 (f8)

. B Funnsaasudaiaauana(mg/)

annu whl T T 3 A T
ATINT ATIN2 ATIN3 ATIN4
Ao 217 21.83 4.50 10.00
9 a1 8.00 25.50 10.50 11.17
N 34.00 22.83 13.17 9.17
favh 10.83 19.17 11.83 13.33
10 P 8.83 2417 10.50 14.67
Nt 8.17 21.00 63.00 21.00

Aot 11.00 19.50 6.67 -

11 e 10.50 17.67 0.83 -

Nt 10.00 16.00 7.83 -
Ao 10.17 18.50 2.00 16.00
12 P 11.67 21.00 10.67 17.00
Nt 16.00 15.67 9.50 28.67
fovh 15.50 22.67 4.83 15.50
13 nanaih 15.83 22.67 1.83 17.33
Nt 19.00 15.50 2.67 19.67
Ao 14.83 23.33 3.83 18.50
14 nanatin 72.00 25.00 4.33 22.33
Nt 2517 23.33 10.67 39.00
fovh 17.00 16.00 3.00 24.83
15 P 21.33 23.83 4.33 31.00
Naarin 19.67 26.33 10.83 36.33
Aot 20.00 16.67 517 23.67
16 e 18.17 19.50 5.83 26.17
Nt 21.17 19.50 8.67 31.00
fov 15.50 16.33 417 24.50
17 nanati 18.17 18.50 8.83 28.50
i 18.50 13.33 21.50 31.17
farh 17.67 14.50 5.00 25.83
18 P 21.83 11.50 5.50 33.83
Mt 18.83 11.33 717 46.50
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paanLduniad danuldnqndnea 1, 4,7, 12,17, 21, 24, 28, 33, 37, 39, 42, 46, 49, 53,56, 58, 62, 70, 72,

79, 83, 85, 90, 96, 98, 101, 107, 114, 117, 119, 124, 127, 129, 131, 133, 136, 139, 141, 143, 149, 178,

181, 186, 189, 192, 195, 201, 206, 208, 211 uaz 213

174 W5 8. 3usvg) uaziqnadiana 215 wdnnantelsegszunain

F197971 5.10 Fayadnenuzlassaiareudunieinaananaeguintinwi

Ugosredunisininisinaniussauiu N9ndna 149 taaEuinisinadiaunisainaniiin

. TTUTNN PINANZIAR Muiwidn | Avnandng e | WBannsinlvaru
AH1399
) (Alalumg) (.m9) (A1919LNRT) (1um9) (89A1) | (AU.NA/AUT)
1 0.000 5.010 94.180 20.590 170.070 8.640
2 0.055 5.170 84.650 17.440 203.530 6.690
3 0.115 5.210 100.670 20.770 146.670 5.320
4 0.155 6.750 108.590 20.340 154.060 7.990
5 0.214 6.890 147.890 24.980 175.590 5.570
6 0.284 9.030 222.450 30.100 67.100 8.650
7 0.351 4.980 116.430 29.750 93.650 11.400
8 0.433 4.500 127.600 33.580 88.900 4.070
9 0.493 3.940 87.060 25.680 21.790 2.660
10 0.554 5.080 117.770 24.850 127.250 10.150
1" 0.684 7.260 171.160 27.090 115.910 10.400
12 0.743 7.580 197.840 29.810 88.140 13.550
13 0.802 6.510 184.140 31.960 113.530 8.390
14 0.881 6.050 185.600 36.260 85.140 8.460
15 0.956 5.910 177.820 33.390 129.450 13.860
16 1.005 6.540 187.720 32.350 129.220 11.550
17 1.078 6.450 175.660 31.200 111.040 14.420
18 1.145 5.700 167.640 32.670 118.570 8.940
19 1.234 7.400 175.880 26.080 114.550 9.880
20 1.282 8.170 210.390 29.830 95.620 9.560
21 1.359 8.830 241.020 35.930 112.010 10.010
22 1.464 6.320 198.760 34.090 40.300 1.630
23 1.540 5.300 166.310 39.500 359.050 2.450
24 1.599 6.550 255.370 44120 29.910 12.460
25 1.942 7.250 226.580 37.040 36.580 5.500
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A13797 5.10 (sia)

. TLULNN ANNANEIAR) Nufiwinga | Asnani il Funasinlvasny
AAR1999
) (Alawumg) (1m9) (A1919LNA9) (1um9) (849A7) | (AU.NA/AUT)
26 2.009 7.100 182.880 31.400 355.880 5.710
27 2.098 6.190 203.530 37.440 63.780 2.280
28 2.161 7.420 289.680 42.090 14.120 22.970
29 2.217 8.710 350.060 51.010 322.340 10.110
30 2.311 9.550 396.970 52170 95.070 5.610
31 2.386 7.180 215.580 35.230 70.330 6.740
32 2.487 5.930 245.900 51.950 20.500 4.740
33 2.590 8.070 291.320 51.700 31.280 14.790
34 2.660 6.120 261.740 47.890 70.470 11.780
35 2.766 7.370 203.190 37.620 50.690 7.660
36 2.890 10.240 389.720 47.390 352.960 1.590
37 2.993 8.020 247.530 36.780 9.410 15.980
38 3.056 6.000 238.290 43.120 60.960 7.750
39 3.145 6.440 225.670 51.930 24.240 10.670
40 3.218 5.550 192.700 35.260 37.800 10.910
41 3.298 5.840 194.560 36.950 333.760 2.050
42 3.370 5.820 193.090 33.760 50.970 15.480
43 3.448 8.010 255.160 42.550 36.070 7.650
44 3.509 8.110 214.230 31.800 100.670 8.690
45 3.564 6.660 162.280 28.910 55.140 1.350
46 3.716 5.790 161.310 36.340 93.000 8.140
47 3.788 10.090 243.160 28.590 46.570 6.290
48 3.927 5.020 153.860 34.910 12.690 8.110
49 4.003 4.840 175.080 41.980 49.940 10.450
50 4179 10.980 388.290 43.900 138.840 1.960
51 4.308 5.010 141.270 35.760 178.380 7.800
52 4,394 6.620 183.680 31.250 76.950 6.890
53 4,482 6.450 146.210 28.120 53.760 13.650
54 4.621 4.940 162.860 35.870 109.120 9.090
55 4.666 6.460 150.030 30.170 79.750 11.230
56 4.719 9.680 200.170 25.650 97.340 11.560
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A13797 5.10 (sia)

. TLULNN ANNANEIAR) Nufiwinga | Asnani il Funasinlvasny
AAR1999
) (Alawumg) (1m9) (A1919LNA9) (1um9) (849A7) | (AU.NA/AUT)
57 4.794 7.550 187.250 31.110 85.200 3.400
58 4.879 4.700 138.410 32.860 147.770 8.690
59 4.947 5.310 122.720 26.140 166.770 7.270
60 5.038 6.060 141.060 25.500 101.480 3.430
61 5124 6.730 197.140 34.320 107.590 5.710
62 5192 6.560 175.210 27.970 112.490 8.510
63 5.275 6.630 163.300 27.040 132.870 4.690
64 5.380 7.640 167.980 25.480 96.010 6.920
65 5.466 6.600 250.010 50.510 22.610 6.960
66 5.669 5.980 156.580 28.690 23.420 4.810
67 5.747 4.680 134.540 29.790 38.440 6.480
68 6.095 6.210 326.240 61.890 11.010 -4.760
69 6.148 6.710 236.520 37.880 346.420 12.750
70 6.193 8.890 211.850 31.210 64.200 14.580
71 6.240 7.940 185.950 27.240 112.600 6.590
72 6.302 5.510 137.840 30.530 76.790 10.500
73 6.363 6.380 148.490 27.750 63.480 6.420
74 6.450 5.310 135.320 26.510 75.810 2.960
75 6.883 5.980 161.590 30.630 76.670 6.330
76 7.237 5.130 106.370 22.740 307.850 9.990
77 7.297 5.290 125.930 24.830 272.680 4.790
78 9.164 5.740 170.370 33.000 88.830 9.880
79 11.480 8.170 201.420 26.460 75.870 14.520
80 11.560 8.230 156.720 22.860 47.900 13.840
81 11.646 6.560 199.180 34.210 47.550 13.060
82 11.730 6.550 177.310 29.660 45.520 15.270
83 13.167 5.850 277.000 55.560 317.590 26.650
84 13.226 6.070 253.440 46.890 282.910 19.940
85 13.353 6.680 278.140 46.290 336.040 24.080
86 13.524 8.300 313.390 47.800 330.550 15.390
87 13.834 7.250 276.750 46.140 357.510 12.120
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A13797 5.10 (sia)
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AAR1999
) (Alawumg) (1m9) (A1919LNA9) (1um9) (849A7) | (AU.NA/AUT)
88 14.073 7.140 269.460 40.620 17.210 15.130
89 14.181 7.530 236.270 36.160 60.720 11.600
90 14.309 7170 252.650 39.070 60.050 18.570
91 15.950 7.340 273.010 45.160 197.740 19.210
92 16.072 7.120 278.490 48.060 163.190 16.720
93 16.235 6.780 315.570 50.670 175.290 15.710
94 16.376 9.320 263.970 35.530 159.600 15.950
95 16.511 9.090 310.360 39.070 140.110 13.760
96 16.622 7.340 280.870 42.080 137.830 24.890
97 16.787 7.510 293.820 42.980 110.480 18.030
98 16.938 8.920 317.850 43.720 136.060 22.160
99 17.059 10.030 314.530 38.840 75.240 17.250
100 17.189 9.110 296.820 37.840 72.220 19.250
101 17.702 7.820 307.180 44 150 66.210 28.260
102 17.845 8.230 351.730 47.700 75.240 21.160
103 18.000 8.840 372.400 52.020 53.720 22.770
104 18.156 8.430 378.840 54.880 29.830 9.760
105 18.481 7.550 366.850 52.060 44,980 9.790
106 18.674 9.500 421.300 59.970 337.240 4.970
107 19.157 8.240 404.050 54.620 23.180 28.890
108 19.285 8.350 410.880 54.040 10.760 18.620
109 19.395 9.410 427.860 52.300 357.160 17.660
110 19.556 10.290 369.670 47.470 14.160 15.220
111 19.699 10.010 457.400 56.150 57.230 18.980
112 19.888 9.390 420.360 56.460 3.670 13.550
113 20.045 9.390 491.960 69.510 54.410 23.360
114 20.247 8.900 483.790 71.430 36.470 23.490
115 20.51 9.160 515.170 68.380 54.530 17.380
116 20.675 10.910 497.100 55.120 355.010 15.640
117 20.826 10.880 589.300 68.410 353.970 22.070
118 21.012 10.570 590.340 64.240 333.210 11.130
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AAR1999
) (Alawumg) (1m9) (A1919LNA9) (1um9) (849A7) | (AU.NA/AUT)
119 21.172 15.230 835.160 72.430 80.230 29.570
120 21.922 10.310 473.800 55.330 15.230 18.810
121 22.089 10.220 507.310 58.820 338.810 16.510
122 22.259 9.890 498.220 57.740 281.560 7.230
123 22.431 10.040 513.190 57.350 222.560 -6.990
124 22.587 11.600 577.700 62.930 12.400 18.970
125 22.755 11.170 530.170 56.900 222.780 -3.140
126 22.923 11.030 515.710 54.200 318.130 1.020
127 23.337 13.180 519.360 52.910 91.450 19.350
128 23.462 12.240 537.590 57.340 58.690 -0.290
129 23.689 8.730 514.110 68.810 185.070 8.280
130 23.869 11.770 695.020 73.610 54.790 -2.450
131 24.067 14.190 798.740 79.390 352.070 15.070
132 24.279 9.110 564.000 76.650 347.870 7.070
133 24.480 10.240 538.010 61.090 327.860 15.140
134 24.631 10.410 540.730 58.440 306.970 3.140
135 24.872 9.740 559.720 63.330 292.450 -0.090
136 25.061 12.470 617.570 60.900 294.730 24.370
137 25.241 12.440 617.160 57.490 207.480 5.690
138 25.457 11.610 540.150 54.300 264.520 5.910
139 25.608 9.820 469.250 51.640 196.890 12.220
140 25.775 13.380 565.050 50.390 244.610 9.740
141 25.885 15.910 709.050 54.370 298.700 19.250
142 26.032 11.660 669.540 71.540 290.610 8.220
143 26.229 10.300 565.100 69.150 24.310 26.960
144 26.581 11.540 459.620 54.270 79.250 19.430
145 26.848 10.560 543.230 65.230 64.560 11.820
146 27.088 9.850 494.210 58.960 38.750 11.530
147 27.357 9.240 626.250 76.670 338.120 -3.270
148 27.550 16.140 918.330 72.650 17.440 11.560
149 27.817 12.210 2486.740 255.610 340.190 22.520
150 27.972 12.020 755.230 74.080 286.270 -17.030
151 28.288 14.080 724.160 61.570 348.600 -33.100
152 28.538 11.190 602.230 65.220 354.010 -66.200
153 28.722 12.090 764.360 79.320 312.750 -48.380
154 28.959 10.240 708.550 78.290 279.410 -52.620
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155 29.246 10.920 569.200 56.910 281.860 -56.830
156 29.484 9.520 664.350 76.220 281.690 -71.010
157 29.833 9.460 698.860 86.280 259.430 -74.130
158 30.125 11.370 641.320 63.480 239.310 -62.090
159 30.294 13.130 675.590 57.200 244.800 -60.240
160 30.521 10.800 730.800 84.800 293.350 -66.440
161 30.846 13.790 829.800 80.570 223.890 -67.190
162 31.014 11.180 769.870 87.600 199.010 -69.980
163 31.182 11.160 690.960 72.390 178.040 -82.530
164 31.360 11.320 700.590 69.460 195.110 -58.960
165 31.535 14.210 852.690 75.210 248.400 -82.770
166 31.780 10.910 679.130 70.880 258.000 -82.470
167 31.973 11.590 634.710 60.670 249.530 -58.250
168 32.165 10.190 704.620 79.020 238.520 -72.350
169 32.590 12.590 833.540 80.620 214.900 -56.680
170 32.799 12.400 819.920 84.890 161.430 -76.330
171 32.969 11.680 762.590 83.540 122.510 -87.650
172 33.121 11.040 743.890 85.290 124.330 -81.610
173 33.345 20.470 1660.700 114.660 150.920 -89.170
174 33.426 13.790 1156.350 97.050 164.230 -83.240
175 33.498 14.780 1273.590 108.790 40.160 10.910
176 33.989 11.000 1125.580 120.300 71.320 11.610
177 34.339 14.050 1116.330 103.570 49.190 11.430
178 34.517 17.910 1464.770 99.170 120.350 21.450
179 35.327 12.430 1194.900 124.650 123.250 0.620
180 36.523 13.300 1017.040 86.770 69.550 15.470
181 37.892 13.140 1124.580 103.800 4.460 21.290
182 38.382 12.970 1091.410 101.300 327.730 15.570
183 39.158 15.630 1261.390 97.950 155.970 -1.960
184 40.277 15.590 1084.890 84.520 312.740 3.980
185 41.956 11.070 1172.470 129.650 84.930 0.390
186 44 141 13.500 991.860 89.510 184.420 22.340
187 47.470 12.330 1139.920 113.630 69.070 25.490
188 48.790 10.500 1327.870 154.640 3.660 10.000
189 49.724 14.760 1210.960 101.390 1.540 29.250
190 51.789 16.200 1255.110 100.230 96.300 -0.470
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191 52.784 15.260 1339.530 122.880 34.440 11.020
192 55.072 14.660 1429.790 143.800 48.350 19.900
193 56.269 10.900 961.740 109.340 148.100 17.510
194 59.459 11.920 965.810 97.520 8.440 10.980
195 60.776 11.820 1110.660 147.740 103.240 32.600
196 61.486 7.710 841.040 138.010 51.860 10.670
197 62.574 7.520 922.230 162.740 175.000 -9.640
198 65.365 8.770 922.710 141.700 113.910 7.550
199 66.550 12.920 1033.610 101.410 39.840 2.960
200 66.783 12.680 1108.880 117.160 13.980 -0.220
201 68.532 8.730 1004.680 154.150 43.630 11.670
202 69.416 8.400 936.840 135.440 114.490 13.060
203 71.762 8.690 897.830 142.860 90.440 10.840
204 73.068 8.630 1080.810 167.000 14.980 4.220
205 73.257 12.500 1136.870 124.850 20.520 -1.430
206 73.530 10.390 1227.650 172.550 8.930 15.480
207 73.972 6.820 1095.670 200.710 38.910 12.560
208 74.550 5.860 1042.920 214.280 15.600 21.920
209 74.937 14.810 1241.110 114.960 57.850 12.540
210 75.602 5.730 1067.660 248.980 163.600 -37.710
211 76.471 12.410 1051.320 117.040 313.030 14.760
212 77.018 6.150 946.910 176.910 245.950 7.090
213 78.010 12.680 984.630 98.260 36.060 31.640
214 78.637 6.640 952.030 173.360 40.820 43.760
215 79.263 7.440 964.770 165.100 129.100 -26.300
216 80.097 7.340 882.440 148.070 74.430 -19.260
217 82.142 8.660 2256.350 337.910 97.620 -1.090
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tgneaL 13,662.83 -77.51
BN ALAZAUNTNE 17,019.93 -150.80
Tnanan-Tdwa 299.31 -371.66
ﬁ')Lﬁ@\?LLﬂtﬁhuﬂ’ﬁﬁﬁ 911,617.39 -498.97
A0NufisNanns 392.16 -2,026.26
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Ifinanan 2.09 -73,063.70
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AT fd (19) Sunaupznau (Fusatl)
Mg 21,926.41 12,639.50
Mg 15,921.10 6,133.88
dmpidethiaian 1,353.86 5,781.94
gnafiutin 141.56 3,919.56
w‘&luﬁtﬁmﬂmumf’j\i 5,140.88 2,569.78
auniu 12,544.85 1,575.98
ﬁ'@gm Al 5,844.57 1,287.73
vyl 9,549.75 427.18
WVBTN(@F9T) 2,108.00 363.35
Tswmaaunan 33,095.15 224.66
Mufiganind 73.30 129.31
Mufiga-hdoiderlng 340,323.68 6.57
Uanse-vjavain 48.31 1.90
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ANNDTLAIN 1,465,560.00
aneqrinnnd 940,325.00
ANNBLNAIUATATEITNIT 714,476.00
BINANTENTUN 193,555.00
anavalng 96,486.00
ANNBLRANNTTYIR 67,396.80
anatINni 65,297.20
annadasivoy 47,969.60
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AL 118,006.00
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W 23,269.40
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6.4 NIMTNITUATTDLAUALUSIAANITAANITAYSNHAULAZUN
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SneniRuLaTINAaTl

6.4.1 WAsMsUATdaIdUBLUsIiaMIaANsaysnRAULazin lumMsitauniNansinens

[

nsiuuANIRTnsuasdalaualuy lunnsdan el aNuiduiunsineng InaaAamuduiug

ABANAITHAN ﬂ%‘u“ﬂ@ﬂﬁuﬂﬁUﬂﬁ‘ZLﬂVl‘ll’ﬂ\‘lﬁ@ﬂﬁ‘ﬁ‘N‘V]’Nﬂ’Wﬁ‘Lﬂ‘]:Wlﬁ‘ Iﬁ?;lfllﬂ ATNITLATIBLAUALUZAY [5]’1‘3“%‘1% 6.1

aa A X Al X
LAZAENTIL ANUN AT

1. AsannaAeelyl (In manageble stages)

=

2. Eanunviaid (Clean felling)

3. @enitladluunauwia (Selective felling)

4. n) IneAsldusann m)l%m?mé’ﬂa‘ m)lﬁwmmm:m‘?ﬁﬁm
5

ANVUALLANUTEY (Buffer zone)
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6. Wanunlunanimaunzan (Timeliness)
7. lainanasuldld (Destumping)

8. wnlnangflngeda (light burning)

FN397 6.1 LAAINIAINITUATIUININNIAANT9RLSNHRALLAL N IAENNIAANII T

o da/ dl 6 & &\
ANAATUTAINUN (Lasidus)

a

Usznnnis e Tammu

0.3 3-12 12-20 | 20-35 | 35-45 | 45-60 > 60

NUNAN (lowland)

a. Wrdugn 1,2,42,6,7

b. Naeiufy 1,2/3,4R,5,6,7,8
c. vinin 1,2,40,5,6,7,8

d. WregLunans 1,2/3,4R,5,6,7,8

6. MEAtARTi 1,2,4R,5,6,7,8

W44 (highland)

TAN

=)

a. n 1,2/3,4m,5,6,7,8 1,4n,5,6

a
A g
TEIUR

=p

b. U 1,2/3,4m,5,6,7,8

NN aoyde wazAnle (2540)

6.4.2 NATNITUATTALAUBLUZINANMIIAMsaysSnEAUlALIENS
nsiuuannaInIsuazdaiauauurlunsdansNenIsdanseRintiulaeiana nuualaaende

ANNANNUFURIAINATATUIBIN BN AU NN TBIAANIINNINNITNEAT IAENNINTNITHA LT DLAUB LA

v
o A

N34T 6.2 uaviiAE Fall
1. duridlauuusin (bench terrace)
2. grafurinlufisy (platform/individual basin)
%’uﬁ’uimgﬂuﬂ%mmuﬁ’]ﬁd (plateau/board bench)
mqa‘zmﬂfn (drain and waterways)
‘u'méTﬂm:ﬂfammzémfxmwLmemm (slit pits/traps/contour ditches)
@Vuﬁwﬂum (hillside ditches)
AumulgnTiing (orchard terrace)

AURLENATN (check dams)

© © N o o &~

v
Y832 U8UN (culverts)

10. AW THAc197 (stone/retaining/gabions)
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AN3I9% 6.2 UAAINIAINITUATIUININIIAANTRUINHRLLAL N TIAENIIAANITIT

. AN TNAN AT DT (s a5idust)
Uszinnnnslddsslaminau
0.3 3-12 12-20 | 20-35 | 35-45 | 45-60 > 60
ﬁu'ﬁ'[ﬁ'q (lowland)
f. Nrdugn 4 4.6
g. NoEiuFu 4 46 1/2,4,5,6,7,8
h. 1N 4 4,6 4,5,6
i, Nrengunan 4 46 | 12,45,
6,8
j. NAE AR 4 45
ﬁu‘ﬁl@‘\‘i (highland)
c. Wadugn 4 14,56 | 1/3,4,5, | 1/3,4,5,
6,8 6,8,9,
10
d. Wrtlusu 4 4,6 1/2,4,5,6,7,8

A oyde uazay (2540)

6.4.3 NATNITUATIALAUBLUZINANMIAAMTaYSNHAULAZIN
nisniMuANIAINITuardalauauuziian1sdanIseyinFauuaz i lnensdansie Anuualag
o v o & . o X A o ol = yala
BIARANNANTUEITNINANNAIATUIRINUN Lazn13danITsLgnivannyssinnaeenislEnausne tne

ANMUUAIBNITANRBNNITTANITAIAT197 6.3 Tasiaitiunngsatl

1. AQNAU (ground cover) aglidansne) Aausy

)

ﬂgnﬁmmuLLuQixﬁum’mmwmmm (contour planting)
WA NTAQNAY (mulching)
Vmemuﬁfaﬂﬁzgm (minimum tillage)

=

Ugnivadl (high density planting)

L

=

@uﬂﬁmmwﬁﬂu (crop rotation)

7. ﬂ@uﬂﬁmmmwdwum (intercropping)
8. unuWTayinAY (alley cropping)

9. unuNRjIAYENIAY (grass strips)

10. WANTRUAN (wind breakers)
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1399 6.3 UAAINIAINITUATIUININIIAANTRUINHRLLAL N TAENIIAANITI

Usznnnis i seTemmu

o d’j d' @ &\
ANNNAIATULTRINUN (LaFidus)

0.3 3-12 | 12-20 | 20-35 | 35-45 | 45-60 | >60

ﬁu'ﬁ'[ﬁ'q (lowland)

k. Wrdugn 356 | 2-10

I wdeuulvaien 3,4,5 7.8 4

m. Werelusiv 1,3,4,5 1,2,3,4,56,7,8

n. Mo 4

0. Nagunans 1,3,4,5,6,7,8
‘1‘7‘9\114‘171'@\1 (highland)

e. WiANgN 3,5,6,7,10

f. NEusiu 1,2,3,4,5,7,8,9,10

a
7

N1 Tyt warAUY (2540)
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1397 2 wansAnFaulsavNAmusanIsgnariaanaaaeshulunals

ey w5Lanuige UFLIgasN
AN (Sand) 0.04 0.04
AUNIEF9U (Loamy Sand) 0.07 0.09
AUTIUNTE (Sandy Loam) 0.20 0.30
AUTIU (Loam) 0.33 0.34
Augaulunsrewdla (Silt loam) 0.40 0.34
Aunsgile (Silt) - 0.57
Augauieatunae (Sandy Clay loam) 0.19 0.21
AuFInTe (Clay Loam) 0.29 0.31
Augaumtentunewtla (Sity Clay Loam) 0.31 0.21
Auwilanilunsie (Sandy Clay) - 0.18
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1. AN49 sl.aml
Cumulative Downhill Slope Length AMLs
(Version 1.0)

Index
sl.aml: Core program, calls others as needed.
fil.aml:  Fills depressions.
dn_slope.aml:  Calculates downhill slope angle
high_pts.aml: Identifies high points from the DEM.
s_length.aml: Calculates cumulative downhill slope length.

Is.aml: Calculates USLE LS factor values.

To run the program, just run sl.aml with the following args:
/* Usage: sl <elevation grid> <slope length grid> <LS value grid>
/* {FEET | METER} {cutoff value} {slope angle grid}
where
(elevation grid) is your input DEM
(slope length grid) is the name of the output slope length grid
(LS value grid) is the name of the output LS values grid
(feet/meter) is the measurement unit used in your DEM (an optional input)
(cutoff value) is the slope change required to cause deposition rather than erosion. The default is 0.5

(slope angle grid) an optional output maximum downbhill slope angle grid

sl.aml

/* sl.aml

/* The input : a grid of elevations.



/* The elevations must be in the same units as the horizontal distance.
/* The unit of measurement for the elevation grid.
/* The change in slope(as a %) that will cause the slope length
/* calculation to stop and start over.
/* The output: a grid of cumulative slope lengths,
/*: a grid of LS values for the soil loss equation,
/*: an optional grid of down hill slope angle.
/* Usage: sl <elevation grid> <slope length grid> <LS value grid>
/* {FEET | METER} {cutoff value} {slope angle grid}

&args sl_elev sl_out LS_out grd_units cutoff_value sl_angle

/* Convert user input to capital letters

&sv .grid_units = [translate %grd_units%]

/* Set default cutoff value if necessary

&if [null %cutoff_value%] or [index %cutoff_value% #] eq 1 &then
&sv .slope_cutoff_value = .5

&else

&sv .slope_cutoff_value = [calc [value cutoff_value] / 100]

/* Set the grid environment
setcell %sl_elev%
setwindow %sl_elev%

&describe %sl_elev%

/* Create a depressionless DEM

&run fil.aml %sl_elev% sl_DEM

/* Create an outflow direction grid

sl_outflow = flowdirection(s|_DEM)

/* Create a possible inflow grid
sl_inflow = focalflow(s|_DEM)
I kkkkkkkkkkkkkkhkhkhkk

/* Calculate the degree of the down slope for each cel

&run dn_slope.aml sI_DEM sl_slope

/* Calculate the slope length for each cell
&sv cell_size = [show scalar $$cellsize]
&sv diagonal_length = 1.414216 * %cell_size%

/* Convert to radians for cos--to calculate slope length
if (sl_outflow in {2, 8, 32, 128})

sl_length = %diagonal_length% div cos(sl_slope div deg)



else
sl_length = %cell_size% div cos(sl_slope div deg)
endif
/* Set the window with a one cell buffer to avoid NODATA around the edges **
setwindow [calc [show scalar $$wx0] - [show scalar $$cellsize]] ~
[calc [show scalar $3wy0] - [show scalar $$cellsize]] ~
[calc [show scalar $$wx1] + [show scalar $$cellsize]] ~
[calc [show scalar $3wy1] + [show scalar $$cellsize]]
/* Create a new flow direction grid with a one cell buffer *********see
sl_flow = sl_outflow
kill sl_outflow
sl_outflow = con(isnull(sl_flow), 0, sl_flow)

Kill sl_flow

/* Create a grid of the high points and NODATA
/* The high points will have 1/2 their cell slope length for VALUE ***

&run high_pts.aml

/* Create a grid of high points and 0's

/* This will be added back in after the slope lengths for all other ****

/* cells has been determined for each iteration
sl_high_pts = con(isnull(sl_cum_l), 0, sl_cum_l)
/* Calculate the cumulative slope length for every cel] ********ss

&run s_length.aml

/* Calculate the LS value for the soil loss equation

&run Is.aml

/* Reset window and mask
setwindow %sl_elev%
setmask %sl_elev%

setmask off

/* Kill temporary grids
kill sI_('DEM outflow inflow length high_pts!)

/* Set the output grid names to the user input
rename sl_cum_| %sl_out%

rename Is_amount %LS_out%

&if [null %sl_angle%] &then

kill sl_slope



&else
rename sl_slope %sl_angle%

&return

fil.aml

/* fil.aml
/* The input : a grid of elevations

/* The output: a depressionless elevation grid.
/* Usage: fil

&args DEM_grid fil_DEM

/* Copy original elevation grid

%fil_DEM% = %DEM_grid%

/* Create a depressionless DEM grid
finished = scalar(0)
&do &until [show scalar finished] eq 1
finished = scalar(1)
rename %fil_DEM% old_DEM
if (focalflow(old_DEM) eq 255) {
%fil_DEM% = focalmin(old_DEM, annulus, 1, 1)
test_grid =0
}
else {
%fil_DEM% = old_DEM
test_grid = 1
}
endif
kill old_DEM

/* Test for no more sinks filled
docell
finished {= test_grid
end
kill test_grid
&end

&return




dn_slope.aml

/* dn_slope.aml
/* The input : a grid of elevations with no depressions
/* The output: a grid of down slopes in degrees.

/* Usage: dn_slope

&args DEM_grid down_slope

/* Compute the outflow direction for each cell

dn_outflow = flowdirection(%DEM_grid%)

/* Set the window with a one cell buffer

&describe %DEM_grid%

setwindow [calc [show scalar $$wx0] - [show scalar $$cellsize]] ~
[calc [show scalar $3wy0] - [show scalar $$cellsize]] ~
[calc [show scalar $$wx1] + [show scalar $$cellsize]] ~

[calc [show scalar $3wy1] + [show scalar $$cellsize]]

/* Create a DEM with a one cell buffer
/* This prevents NODATA being assigned to the edge cells that flow
/* off the DEM. Cells that flow off the DEM will get O slope *********xxx
dn_buff_DEM = con(isnull(%DEM_grid%), focalmin(%DEM_grid%), %DEM_grid%)

/* Calculate the down slope in degrees
&sv cell = [show scalar $$cellsize]

/* The () pervent problems that occur with using whole numbers ****
&sv cell_size =(1.00 * %cell%)

&sv diagonal_length = (1.414216 * %cell_size%)

/* find down slope cell and calculate slope
if (dn_outflow eq 64)
%down_slope% = deg * atan((dn_buff_DEM - dn_buff_DEM(0, -1)) div ~
%cell_size%)
else if (dn_outflow eq 128)
%down_slope% = deg * atan((dn_buff_DEM - dn_buff_DEM(1, -1)) div ~
%diagonal_length%)
else if (dn_outflow eq 1)
%down_slope% = deg * atan((dn_buff_DEM - dn_buff_DEM(1, 0)) div ~
%cell_size%)
else if (dn_outflow eq 2)

%down_slope% = deg * atan((dn_buff_DEM - dn_buff_DEM(1, 1)) div ~



%diagonal_length%)
else if (dn_outflow eq 4)
%down_slope% = deg * atan((dn_buff_DEM - dn_buff_DEM(0, 1)) div ~
%cell_size%)
else if (dn_outflow eq 8)
%down_slope% = deg * atan((dn_buff_DEM - dn_buff_DEM(-1, 1)) div ~
%diagonal_length%)
else if (dn_outflow eq 16)
%down_slope% = deg * atan((dn_buff_DEM - dn_buff_DEM(-1, 0)) div ~
%cell_size%)
else if (dn_outflow eq 32)
%down_slope% = deg * atan((dn_buff_DEM - dn_buff_DEM(-1, -1)) div ~
%diagonal_length%)
else
%down_slope% = 0.00
endif

/* Reset old settings

setwindow %DEM_grid%

/* Clip the output grid
dn_slope = %down_slope%
kill %down_slope%

rename dn_slope %down_slope%

/* Kill the temporary grids
kill dn_buff_DEM
kill dn_outflow

&return

high_pts.aml

/* high_pts.aml

/* This is not a stand alone AML
/* Grids used from sl.aml:
/* sl_outflow
/* sl_inflow
/* sl_slope

/* Grid produced for sl.aml:



/*sl_cum_|
/* Find the high points and set value to half their own slope length *****

/* A high point is a cell that has no points flowing into it or if the only

/* cells flowing in to it are of equal elevation.

if ((sl_inflow && 64) and (sl_outflow(0, -1) eq 4))
sl_cum_| = setnull(1 eq 1)

else if ((sl_inflow && 128) and (sl_outflow(1, -1) eq 8))
sl_cum_| = setnull(1 eq 1)

else if ((sl_inflow && 1) and (sl_outflow(1, 0) eq 16))
sl_cum_| = setnull(1 eq 1)

else if ((sl_inflow && 2) and (sl_outflow(1, 1) eq 32))
sl_cum_| = setnull(1 eq 1)

else if ((sl_inflow && 4) and (sl_outflow(0, 1) eq 64))
sl_cum_| = setnull(1 eq 1)

else if ((sl_inflow && 8) and (s|_outflow(-1, 1) eq 128))
sl_cum_| = setnull(1 eq 1)

else if ((sl_inflow && 16) and (sl_outflow(-1, 0) eq 1))
sl_cum_| = setnull(1 eq 1)

else if ((sl_inflow && 32) and (sl_outflow(-1, -1) eq 2))
sl_cum_| = setnull(1 eq 1)
/* Flat high points get 0 instead of 1/2 slope length ***** e

else if (sl_slope eq 0)
sl_cum_I=0.0

else
sl_cum_I = 0.5 * sl_length

endif

&return

s_length.aml

/*s_length.aml

/* This is not a stand alone AML
/* Grids used from sl.aml:
/* sl_inflow
/* sl_outflow

/* sl_slope



/* sl_length
/* sl_high_pts
/* sI_DEM
/* Grid produced for sl_aml:

/*sl_cum_|

/* Pervents the testing of the buffer cells
setmask sI_DEM
/* Calculate the cumulative slope length for each cel| ****sssiaae
nodata_cell = scalar(1)
&sv finished = .FALSE.
&do &until %finished%
rename sl_cum_| sl_out_old
&sv counter =0
&do counter = 1 &to 8
/* Set the varibles for the if that follows
&select %counter%
&when 1
&do
&sv from_cell_grid = sl_north_cell
&sv from_cell_direction =4
&sv possible_cell_direction = 64
&sv column =0
&sv row =-1
&end
&when 2
&do
&sv from_cell_grid =sl_NE_cell
&sv from_cell_direction =8
&sv possible_cell_direction = 128
&sv column =1
&sv row =-1
&end
&when 3
&do



&sv from_cell_grid = sl_east_cell
&sv from_cell_direction =16
&sv possible_cell_direction = 1
&sv column =1
&sv row =0
&end
&when 4
&do
&sv from_cell_grid =sl_SE_cell
&sv from_cell_direction =32
&sv possible_cell_direction = 2
&sv column =1
&sv row =1
&end
&when 5
&do
&sv from_cell_grid = sl_south_cell
&sv from_cell_direction =64
&sv possible_cell_direction = 4
&sv column =0
&sv row =1
&end
&when 6
&do
&sv from_cell_grid = sl_SW_cell
&sv from_cell_direction =128
&sv possible_cell_direction = 8
&sv column =-1
&sv row =1
&end
&when 7
&do
&sv from_cell_grid = sl_west_cell
&sv from_cell_direction =1

&sv possible_cell_direction = 16



&sv column =-1
&sv row =0
&end
&when 8
&do
&sv from_cell_grid = sl_NW_cell
&sv from_cell_direction =2
&sv possible_cell_direction = 32
&sv column =-1
&sv row =-1
&end
&end
/* Test for possible flow source cell
if (not(sl_inflow && %possible_cell_direction%))
%from_cell_grid% =0
/* Test for flow source cell
else if (sl_outflow(%column%, %row%) <> %from_cell_direction%)
Y%from_cell_grid% = 0
/* Test flow source cell for nodata
else if (isnull(sl_out_old(%column%, %row%)))
%from_cell_grid% = setnull(1 eq 1)
/* Test current cell slope against cutoff value
else if (sl_slope >= (sl_slope(%column%, %row%) * %.slope_cutoff_value%))
%from_cell_grid% = sl_out_old(%column%, %row%) + ~
sl_length(%column%, %row%)
else
Y%from_cell_grid% =0
endif
&end
/* Select the longest slope length
sl_cum_| = max(sl_north_cell, sl_NE_cell, sl_east_cell, sI_SE_cell, ~
sl_south_cell, sl_SW_cell, sl_west_cell, sl_ NW_cell, ~
sl_high_pts)
/* Kill the temporary grids

kill (Isl_north_cell sl_NE_cell s|_east_cell sI_SE_cell ~



sl_south_cell sI_SW_cell sl_west_cell s_NW_cell!)
kill sl_out_old
/* Test for the last iteration filling in all cells with data
&sv no_data = [show scalar nodata_cell]
&if %no_data% eq 0 &then
&sv finished = .TRUE.
/* Test for any nodata cells
if (isnull(sl_cum_I) and not isnull(sl_outflow))
sl_nodata =1
else
sl_nodata=0
endif
nodata_cell = scalar(0)
docell
nodata_cell }= sl_nodata
end

kill sl_nodata

&end

/* Reset original window and clip the cumulative slope length grid *****

setwindow sI_DEM

rename sl_cum_| sl_out_old

sl_cum_| = sl_out_old

kill sl_out_old

&return

/*1s.aml

/* This is not a stand alone AML

/* Convert meters to feet if necessary

/* Grids used from sl.aml:
/*sl_cum_|
/* sl_slope

/* Grid produced for sl.aml:

/* Is_amount

&if %.grid_units% eq METERS &then

Is_length = sl_cum_| div 0.3048



&else

Is_length = sl_cum_|

/* Calculate LS for the soil loss equation
/* For cells of depostion
if (Is_length eq 0)
Is_amount = 0
/* For slopes 5% and over
else if (sl_slope >= 2.862405)
Is_amount = pow((Is_length div 72.6), 0.5) * ~
(65.41 * pow(sin(sl_slope div deg), 2) + ~
4.56 * sin(sl_slope div deg) + 0.065)
/* For slopes 3% to less than 5%
else if ((sl_slope >= 1.718358) and (sl_slope < 2.862405))
Is_amount = pow((Is_length div 72.6), 0.4) * ~
(65.41 * pow(sin(sl_slope div deg), 2) + ~
4.56 * sin(sl_slope div deg) + 0.065)
/* For slopes 1% to less than 3%
else if ((sl_slope >= 0.572939) and (sl_slope < 1.718358))
Is_amount = pow((Is_length div 72.6), 0.3) * ~
(65.41 * pow(sin(sl_slope div deg), 2) + ~
4.56 * sin(sl_slope div deg) + 0.065)
/* For slopes under 1%
else
Is_amount = pow((Is_length div 72.6), 0.2) * ~
(65.41 * pow(sin(sl_slope div deq), 2) + ~
4.56 * sin(sl_slope div deg) + 0.065)
endif

/* kill temporary grids
kill Is_length

&return

2. fil.aml

/* fil.aml
/* The input : a grid of elevations

/* The output: a depressionless elevation grid.



/* Usage: fil
&args DEM_grid fil_DEM

/* Copy original elevation grid

%fil_DEM% = %DEM_grid%

/* Create a depressionless DEM grid
finished = scalar(0)
&do &until [show scalar finished] eq 1
finished = scalar(1)
rename %fil_DEM% old_DEM
if (focalflow(old_DEM) eq 255) {
%fil_DEM% = focalmin(old_DEM, annulus, 1, 1)
test_grid =0
}
else {
%fil_DEM% = old_DEM
test_grid =1
}
endif
kill old_DEM

/* Test for no more sinks filled
docell
finished {= test_grid
end
kill test_grid
&end

&return

3. dn_slope.aml

/* dn_slope.aml
/* The input : a grid of elevations with no depressions
/* The output: a grid of down slopes in degrees.

/* Usage: dn_slope

&args DEM_grid down_slope

/* Compute the outflow direction for each cell

dn_outflow = flowdirection(%DEM_grid%)



/* Set the window with a one cell buffer

&describe %DEM_grid%

setwindow [calc [show scalar $$wx0] - [show scalar $$cellsize]] ~
[calc [show scalar $$wy0] - [show scalar $$cellsize]] ~
[calc [show scalar $$wx1] + [show scalar $$cellsize]] ~

[calc [show scalar $$wy1] + [show scalar $$cellsize]]

/* Create a DEM with a one cell buffer
/* This prevents NODATA being assigned to the edge cells that flow
/* off the DEM. Cells that flow off the DEM will get O slope *********xx

dn_buff_DEM = con(isnull(%DEM_grid%), focalmin(%DEM_grid%), %DEM_grid%)

/* Calculate the down slope in degrees
&sv cell = [show scalar $$cellsize]

/* The () pervent problems that occur with using whole numbers ****
&sv cell_size =(1.00 * %cell%)

&sv diagonal_length = (1.414216 * %cell_size%)

/* find down slope cell and calculate slope
if (dn_outflow eq 64)
%down_slope% = deg * atan((dn_buff_DEM - dn_buff_DEM(0, -1)) div ~
%cell_size%)
else if (dn_outflow eq 128)
%down_slope% = deg * atan((dn_buff_DEM - dn_buff_DEM(1, -1)) div ~
%diagonal_length%)
else if (dn_outflow eq 1)
%down_slope% = deg * atan((dn_buff_DEM - dn_buff_DEM(1, 0)) div ~
%cell_size%)
else if (dn_outflow eq 2)
%down_slope% = deg * atan((dn_buff_DEM - dn_buff_DEM(1, 1)) div ~
%diagonal_length%)
else if (dn_outflow eq 4)
%down_slope% = deg * atan((dn_buff_DEM - dn_buff_DEM(0, 1)) div ~
%cell_size%)
else if (dn_outflow eq 8)
%down_slope% = deg * atan((dn_buff_DEM - dn_buff_DEM(-1, 1)) div ~
%diagonal_length%)

else if (dn_outflow eq 16)



%down_slope% = deg * atan((dn_buff_DEM - dn_buff_DEM(-1, 0)) div ~
%cell_size%)
else if (dn_outflow eq 32)
%down_slope% = deg * atan((dn_buff_DEM - dn_buff_DEM(-1, -1)) div ~
%diagonal_length%)
else
%down_slope% = 0.00
endif

/* Reset old settings

setwindow %DEM_grid%

/* Clip the output grid
dn_slope = %down_slope%
kill %down_slope%

rename dn_slope %down_slope%

/* Kill the temporary grids
kill dn_buff_DEM
kill dn_outflow

&return

4. high_pts.aml

/* high_pts.aml

/* This is not a stand alone AML
/* Grids used from sl.aml:
/* sl_outflow
/* sl_inflow
/* sl_slope
/* Grid produced for sl.aml:
/*sl_cum_|
/* Find the high points and set value to half their own slope length *****

/* A high point is a cell that has no points flowing into it or if the only

/* cells flowing in to it are of equal elevation.

if ((sl_inflow && 64) and (sl_outflow(0, -1) eq 4))
sl_cum_| = setnull(1 eq 1)

else if ((sl_inflow && 128) and (sl_outflow(1, -1) eq 8))

sl_cum_| = setnull(1 eq 1)



else if ((sl_inflow && 1) and (sl_outflow(1, 0) eq 16))
sl_cum_| = setnull(1 eq 1)

else if ((sl_inflow && 2) and (sl_outflow(1, 1) eq 32))
sl_cum_| = setnull(1 eq 1)

else if ((sl_inflow && 4) and (sl_outflow(0, 1) eq 64))
sl_cum_| = setnull(1 eq 1)

else if ((sl_inflow && 8) and (sl_outflow(-1, 1) eq 128))
sl_cum_| = setnull(1 eq 1)

else if ((sl_inflow && 16) and (sl_outflow(-1, 0) eq 1))
sl_cum_| = setnull(1 eq 1)

else if ((sl_inflow && 32) and (sl_outflow(-1, -1) eq 2))
sl_cum_| = setnull(1 eq 1)
/* Flat high points get 0 instead of 1/2 slope length **** ki

else if (sl_slope eq 0)
sl_cum_I =0.0

else
sl_cum_| = 0.5 * sl_length

endif

&return

5. s_length.aml

/*s_length.aml

/* This is not a stand alone AML
/* Grids used from sl.aml:
/* sl_inflow
/* sl_outflow
/* sl_slope
/* sl_length
/* sl_high_pts
/* s|_DEM
/* Grid produced for sl_aml:

/*sl_cum_|

/* Pervents the testing of the buffer cells
setmask sI_DEM

/* Calculate the cumulative slope length for each cel| *xr



nodata_cell = scalar(1)
&sv finished = .FALSE.
&do &until %finished%
rename sl_cum_| s|_out_old
&sv counter = 0
&do counter = 1 &to 8
/* Set the varibles for the if that follows
&select %counter%
&when 1
&do
&sv from_cell_grid = sl_north_cell
&sv from_cell_direction =4
&sv possible_cell_direction = 64
&sv column =0
&sv row =-1
&end
&when 2
&do
&sv from_cell_grid = sl_NE_cell
&sv from_cell_direction =8
&sv possible_cell_direction = 128
&sv column =1
&sv row =-1
&end
&when 3
&do
&sv from_cell_grid = sl_east_cell
&sv from_cell_direction =16
&sv possible_cell_direction = 1
&sv column =1
&sv row =0
&end
&when 4
&do

&sv from_cell_grid = s|_SE_cell



&sv from_cell_direction =32
&sv possible_cell_direction = 2
&sv column =1
&sv row =1
&end
&when 5
&do
&sv from_cell_grid = sl_south_cell
&sv from_cell_direction =64
&sv possible_cell_direction = 4
&sv column =0
&sv row =1
&end
&when 6
&do
&sv from_cell_grid =sl_SW_cell
&sv from_cell_direction =128
&sv possible_cell_direction = 8
&sv column =-1
&sv row =1
&end
&when 7
&do
&sv from_cell_grid = sl_west_cell
&sv from_cell_direction =1
&sv possible_cell_direction = 16
&sv column =-1
&sv row =0
&end
&when 8
&do
&sv from_cell_grid =sl_NW_cell
&sv from_cell_direction =2
&sv possible_cell_direction = 32

&sv column =1



&sv row =-1
&end
&end
/* Test for possible flow source cell
if (not(sl_inflow && %possible_cell_direction%))
Y%from_cell_grid% = 0
[* Test for flow source cell
else if (sl_outflow(%column%, %row%) <> %from_cell_direction%)
%from_cell_grid% =0
/* Test flow source cell for nodata
else if (isnull(sl_out_old(%column%, %row%)))
%from_cell_grid% = setnull(1 eq 1)
/* Test current cell slope against cutoff value
else if (sl_slope >= (sl_slope(%column%, %row%) * %.slope_cutoff_value%))
%from_cell_grid% = sl_out_old(%column%, %row%) + ~
sl_length(%column%, %row%)
else
Y%from_cell_grid% = 0
endif
&end
/* Select the longest slope length
sl_cum_| = max(sl_north_cell, sI_NE_cell, sl_east_cell, s|_SE_cell, ~
sl_south_cell, s|_SW_cell, sl_west_cell, s|_NW_cell, ~
sl_high_pts)
/* Kill the temporary grids
kill (Isl_north_cell sl_NE_cell sl_east_cell sI_SE_cell ~
sl_south_cell sI_SW_cell sl_west_cell s_NW_cell!)
kill sl_out_old
/* Test for the last iteration filling in all cells with data
&sv no_data = [show scalar nodata_cell]
&if %no_data% eq 0 &then
&sv finished = .TRUE.
/* Test for any nodata cells
if (isnull(sl_cum_I) and not isnull(s|_outflow))

sl_nodata =1



else
sl_nodata =0
endif
nodata_cell = scalar(0)
docell
nodata_cell }= sl_nodata
end
kill sl_nodata
&end
/* Reset original window and clip the cumulative slope length grid *****
setwindow sI_DEM
rename sl_cum_| sl_out_old
sl_cum_| = sl_out_old
kill sl_out_old

&return

6. Is.aml

/*1s.aml

/* This is not a stand alone AML
/* Grids used from sl.aml:
/*sl_cum_|
/* sl_slope
/* Grid produced for sl.aml:

/* Is_amount

/* Convert meters to feet if necessary
&if %.grid_units% eq METERS &then
Is_length = sl_cum_| div 0.3048

&else

Is_length = sl_cum_|

/* Calculate LS for the soil loss equation
/* For cells of depostion

if (Is_length eq 0)
[s_amount =0
/* For slopes 5% and over

else if (sl_slope >= 2.862405)



Is_amount = pow((Is_length div 72.6), 0.5) * ~
(65.41 * pow(sin(sl_slope div deg), 2) + ~
4.56 * sin(sl_slope div deg) + 0.065)
/* For slopes 3% to less than 5%
else if ((sl_slope >= 1.718358) and (sl_slope < 2.862405))
Is_amount = pow((Is_length div 72.6), 0.4) * ~
(65.41 * pow(sin(sl_slope div deq), 2) + ~
4.56 * sin(sl_slope div deg) + 0.065)
/* For slopes 1% to less than 3%
else if ((sl_slope >= 0.572939) and (sl_slope < 1.718358))
Is_amount = pow((Is_length div 72.6), 0.3) * ~
(65.41 * pow(sin(sl_slope div deq), 2) + ~
4.56 * sin(sl_slope div deg) + 0.065)
/* For slopes under 1%
else
Is_amount = pow((Is_length div 72.6), 0.2) * ~
(65.41 * pow(sin(sl_slope div deg), 2) + ~
4.56 * sin(sl_slope div deg) + 0.065)
endif

/* kill temporary grids
kill Is_length

&return
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