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ANNEX A - DATA
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Table A-1: Thiessen Average Rainfall Data — Tawalama Watershed

Monthly rainfall (mm/month) Annual
Year . o rainfall
Maximum Mean Minimum (mm/year)
2000/01 503.77 251.68 71.13 3,020.14
2001/02 539.91 236.94 105.37 2,843.23
2002/03 596.33 313.20 160.37 3,758.38
2003/04 521.52 309.89 119.69 3,718.64
2004/05 306.75 202.80 127.01 2,433.60
2005/06 578.93 313.62 184.89 3,763.39
2006/07 645.45 332.43 77.93 3,989.19
2007/08 546.88 361.58 145.53 4,338.95
2008/09 526.26 347.22 50.50 4,166.66
2009/10 451.88 259.15 95.08 3,109.82
2010/11 692.34 34551 131.77 4,146.10
2011/12 526.06 285.31 84.51 3,423.78
2012/13 580.93 359.43 91.87 4,313.12
2013/14 483.75 306.86 95.66 3,682.29
2014/15 641.36 387.07 185.69 4,644.82
Table A-2: Streamflow Data — Tawalama Watershed
Monthly Streamflow (mm/month) Annual
Year . . Streamflow
Maximum Mean Minimum (mm/year)
2000/01 308.81 159.95 43.62 1,919.37
2001/02 288.58 161.14 46.84 1,933.63
2002/03 839.41 254.47 86.99 3,053.69
2003/04 358.88 222.74 91.88 2,672.82
2004/05 290.79 200.69 112.37 2,408.31
2005/06 377.39 203.61 58.08 2,443.29
2006/07 492.15 209.36 58.08 2,512.28
2007/08 494.30 290.56 127.92 3,486.77
2008/09 346.30 225.44 35.16 2,705.34
2009/10 474.87 228.61 51.70 2,743.34
2010/11 488.47 252.80 78.32 3,033.66
2011/12 337.46 197.50 81.22 2,370.06
2012/13 710.37 331.34 163.83 3,976.06
2013/14 407.28 207.98 70.56 2,495.75
2014/15 503.11 269.64 126.78 3,235.66

132




Table A-3: Evaporation Data — Rathnapura Station

Monthly Evaporation (mm/month)

Annual
Year Evaporation

Maximum Mean Minimum (mm/year)
2000/01 92.04 64.10 48.62 769.18
2001/02 107.55 79.45 48.06 953.43
2002/03 99.17 76.71 56.84 920.50
2003/04 100.39 76.10 44.14 913.19
2004/05 104.44 77.00 50.61 924.05
2005/06 91.70 76.77 58.89 921.26
2006/07 123.66 82.84 57.01 994.03
2007/08 97.09 77.01 61.70 924.07
2008/09 114.14 88.38 66.42 1,060.59
2009/10 103.19 78.67 57.01 944.03
2010/11 88.86 72.43 48.51 869.18
2011/12 113.70 82.83 65.20 994.01
2012/13 98.43 72.52 52.98 870.27
2013/14 107.35 74.91 54.51 898.86
2014/15 96.47 74.80 48.39 897.63

133




Table A-4: Thiessen Average Rainfall Data — Ellagawa Watershed

Monthly rainfall (mm/month)

Annual rainfall

Year

Maximum Mean Minimum (mm/year)

2006/07 484.76 261.48 29.63 3,137.81
2007/08 446.31 265.57 113.21 3,186.81
2008/09 504.15 235.07 24.87 2,820.80
2009/10 579.33 290.35 62.10 3,484.24
2010/11 562.23 281.85 120.31 3,382.20
2011/12 442.50 228.08 84.27 2,736.95
2012/13 490.91 325.11 141.68 3,901.29
2013/14 557.49 290.07 60.22 3,480.89

Table A-5: Streamflow Rainfall Data — Ellagawa Watershed
Monthly Streamflow (mm/month) Annual

Year Streamflow
Maximum Mean Minimum (mm/year)

2006/07 307.18 116.17 20.74 1,394.02
2007/08 509.39 174.06 40.08 2,088.69
2008/09 201.72 116.90 21.28 1,402.81
2009/10 523.21 135.11 30.02 1,621.34
2010/11 259.33 147.50 45.50 1,769.99
2011/12 127.08 62.83 27.99 754.01
2012/13 365.57 146.76 47.93 1,761.13
2013/14 436.91 112.70 26.42 1,352.37
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ANNEX B - DATA CHECKING (ELLAGAWA
BASIN)
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Figure B -7: Rainfall response with Ellagawa stream flow in 2011/2012- Log scale
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Figure B -8: Rainfall response with Ellagawa stream flow in 2012/2013- Log scale
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Figure B -9: Rainfall response with Ellagawa stream flow in 2013/2014- Log scale
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Figure B -10 : Rainfall response to Ellagawa Streamflow in year 2006/2007- Normal
scale
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Figure B -11 : Rainfall response with Ellagawa Streamflow in 2007/2008 - Normal
scale
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Figure B -12 : Rainfall response with Ellagawa Streamflow in 2008/2009- Log scale
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Figure B -13: Rainfall response with Ellagawa streamflow in 2009/2010 - Normal
scale
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scale

149



ST AL I ITTAGLTTOTE
> 3
< E
= 10 50 £
= z
g 5 100 &
= B
z 0 150 &
— - — N N N N N N N N N
! < - i - - N < i i i -
b= > (8] c o) = = > c = o o
S 2 a 3 & § < § = . Z & mHalwathura
R S R R | 17T I Y r w0
s I T mey oY s
ke 3
g 10 50 €
N E
g 00 &
15 s
3 k=3
2B 150 8
— — — o~ o~ ~ ~ ~ ~ N o~ N o
SRR SN BN R r N S R
b= > [8] o o = = > c = (o)) o
o} S A S e s < £ 3 3 I & mRatnapura
By | H|‘ ‘ur'" [ “H“"“”"W‘ [T “'\ \w‘ L ”\"\‘"\u\' W R o
g g
T 10 50 &
E E
g s 100 S
E s
s =
5 0 150 3
@ 9 94 9 8 o 8 T 9 9 9 9 9y &
5 2 o & & £ Lo L T 5 A
s &2 & = ¢ 2 & & 3 38 2z ‘?hAlupoIa
15 "H"‘I"IU Wl "\‘IHl"\“W‘ Y "“'\I‘ U ‘IH| [ HIPH "\'\H\U\H ‘ '\‘I“" AR A - “I‘\'\”‘ o
— >
g \ \
= 10 50 €
3 5 100 2
Y= =
£ =
£ 0 150 @
@ b b b N N N N S N S S S e
e
o} S A 3 e 2 < g 3 = 2 % wpelmadulla
15 '|“"|‘|| I "u" e T ‘\r'v-‘\ w|‘ T T '|""\"""'”' 1 N '\"\"“r"\'r\"“ 0
g =
S 3
= 50 €
E 5
E 100 .S
Y —
= s
o =3
» 150 3
— — i N N N N N N N N N o
o T S S R S S R

@ mNivithigala

Figure B -15: Rainfall response with Ellagawa stream flow in 2011/2012 - Normal
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150




a1 0
1] I il {1 " 1] o ] “ —
Nl U TR AR
g 50 2
T 40 E
E/ 100 ‘8’
: g
2 20 150 2
5 o
5 200 &
g é g § § g <% § = . <'T:' » lHaIv(\;athura
TN I T G 5
B 50 T
é‘ 40 ‘ E
£ 100 =
g S
g 150 &
E - —
: 200 &
5 0 ™ ™ ™ o
oy ¥ % 2 %2 2 2 3% 3% 3 3 %
g <z>3 g 5 2 § < § ERE < & mRatnapura
e\ 0o
RN 61 L AN L 1 g
; \
S £
S 4 £
E 100 ©
= S
=
E 20 150 :*5_
5 3
5 200 &
& 0 ™ ™ ™ ™ ™ ™ ™ o
% ¢ % % 28 %F 3% 3 % % 3
g é g g § g < & = = I & -All:)pola
S R
g S
g 50 2
£ 100 S
< E
E 20 150 g
€ 2
g 0 - 200 &
s ¢ % 3 9 3 2 3 3 3 9 9
g cz>3 g g E § < § 3 3 I & lPeInE)aduIIa
i " v S T 1 1 A S T AT _
IR
g 50 &
€ 40 £
§ 100 é
- M =4
2 150 g
o7 ¥ % 3 9 % % 7 9 9 3
8 g g g 3 g < &€ 3 S 2 & sNivithigala

Figure B -16: Rainfall response with Ellagawa stream flow in 2012/2013- Log scale
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Figure B -18: Theissen Average Rainfall response with Ellagawa stream flow in
2010-2014- Normal scale
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Figure B -19: Monthly Rainfall Comparison — Ellagawa Watershed
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Figure B -20: Double Mass Curve for Rainfall Data — Ellagawa basin
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Table B -1: Cumulative Average Rainfall for Double Mass Curve — Ellagawa

Watershed
Water Year For For For For _ _Fo_r
Halwathura | Ratnapura | Alupola | Pelmadulla | Nivithigala

2006 / 2007 2,958 2,883 2,712 3,427 3,314
2007 /2008 5,925 5,444 5,107 6,509 6,299
2008 / 2009 8,601 8,051 7,649 9,433 9,317
2009/ 20010 11,854 11,301 10,774 12,987 13,183
2010/ 2011 15,039 14,310 13,695 16,277 16,823
2011 /2012 17,732 17,796 16,962 19,785 20,588
2012 /2013 21,455 21,665 20,326 24,144 24,995
2013 /2014 24,662 24,994 23,630 27,719 28,737

Table B -2: Cumulative Average Rainfall for Double Mass Curve — Tawalama

Watershed
Water Year For For Neluwa _For For Deniyaya
Tawalama Aningkanda
2000 - 2001 - - 2,685 2,101
2001 - 2002 3,136 1,464 5,530 4,478
2002 - 2003 7,082 4,684 8,402 7,098
2003 - 2004 11,171 7,938 11,305 9,968
2004 - 2005 15,510 11,669 14,221 12,998
2005 - 2006 19,877 15,404 17,259 16,151
2006 - 2007 24,269 19,290 20,365 19,341
2007 - 2008 28,685 23,192 23,597 22,604
2008 - 2009 33,143 27,202 26,875 26,142
2009 - 2010 37,711 31,300 30,305 29,825
2010 - 2011 42,389 35,406 33,736 33,754
2011 - 2012 47,114 39,685 37,240 37,721
2012 - 2013 51,916 44,032 40,752 41,780
2013 - 2014 56,932 48,422 44,811 45,958
2014 - 2015 62,084 53,972 49,124 50,311
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ANNEX C - DATA CHECKING (TAWALAMA
WATERSHED)
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Figure C-1: Variation of high, medium and minimum flows — Tawalama Watershed
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Figure C -5: Rainfall response to Tawalama Stream flow in year 2003/2004— Log
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Figure C -6: Rainfall response to Tawalama Stream flow in year 2004/2005—- Log
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Figure C -7: Rainfall response to Tawalama Stream flow in year 2005/2006 — Log

scale

164




Figure C -8: Rainfall response to Tawalama Stream flow in year 2006/2007— Log

scale
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Figure C -9: Rainfall response to Tawalama Stream flow in year 2007/2008— Log

scale
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Figure C -10: Rainfall response to Tawalama Stream flow in year 2008/2009- Log
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Figure C -11: Rainfall response to Tawalama Stream flow in year 2009/2010- Log
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Figure C -12: Rainfall response to Tawalama Stream flow in year 2010/2011- Log

scale
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Figure C -13: Rainfall response to Tawalama Stream flow in year 2011/2012— Log
scale
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Figure C -14: Rainfall response to Tawalama Stream flow in year 2012/2013 — Log
scale
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Figure C -15: Rainfall response to Tawalama Stream flow in year 2013/2014 — Log

scale

172




0

.IHWWHI ||‘|||I Il “M"‘mw\”l || g “” ‘ W ” ”rl | ”H' II‘H‘ ‘w ‘HH’ i |\|”"‘\ |I‘I ‘I‘III‘-PP"F'H‘ ||'|||"|”|||' | |-|‘||‘n|||
9 )
g 100 ‘ 50 F
c z
S IS
= 100 &
c
= 10 S
5 150 S
8 [oR
& 3
1 \f 200 o
T 3 O3 o8 omw o9 8 @ w9 g og
= Tawalama
AR D
2 100 50 §
£ 100 g
& 10 2
£ 150 =
ZE 200 -
<t <t <t Ln n n mn mn n [Te] Yol n
- < - - - - - < - N - -
5 £ & 5 8 f 3 8 53 % %
= Deniyaya
I O e i\ O S AT e 0
s |IV|| I “ ‘ WI|||||| I ‘ | H‘ \ |‘||\|‘ H|IH| ‘\ ”H Ty ‘ \||H ““ | 5
g 100 50 2
£ E
2 100 §
£ 10 2
g 150 &
& £
1 \/ 200
R T T T T
mmmm Aningkanda
' " “l U ‘l |\ i I""\I I |‘| N |‘"H| || ||| 1l “"'\‘ |||\ [ |\ L ‘||\|| || N ‘I| LR I"‘ |‘“\'|\ | |H| \""l 1| |"‘I |'\ 0
R \Hl' | \“ I \' LA AL AL A L O
é‘ 100 50 E
= E
E 100 §
3 10 5|
= o
% 150 g
=} o
? \ 200
R T T I - T
§ ¢ & &8 8§ 2 2 353 2 8§
= Neluwa

Figure C -16: Rainfall response to Tawalama Stream flow in year 2014/2015- Log

scale
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Figure C -19: Rainfall response to Tawalama Stream flow in year 2000/2001 —

Normal scale
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Figure C -20: Rainfall response to Tawalama Stream flow in year 2001/2002 —

Normal scale
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Figure C -21: Rainfall response to Tawalama Stream flow in year 2002/2003 —
Normal scale
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Figure C -22: Rainfall response to Tawalama Stream flow in year 2003/2004 —

Normal

scale
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Figure C -23: Rainfall response to Tawalama Stream flow in year 2004/2005 —
Normal Log scale
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Figure C -24: Rainfall response to Tawalama Stream flow in year 2005/2006 —

Normal scale
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Figure C -25: Rainfall response to Tawalama Stream flow in year 2006/2007—
Normal scale
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Figure C -26: Rainfall response to Tawalama Stream flow in year 2007/2008 —

Normal scale
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Figure C -27: Rainfall response to Tawalama Stream flow in year 2008/2009 —
Normal scale
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Figure C -28: Rainfall response to Tawalama Stream flow in year 2009/2010 —
Normal scale

185



80 W R A T i L R B T R R R T TR R R e A e 0
T e I e e R TR TR
5 W' I AR L R R LR AR T A
£ o 50 2
£ £
£ 50 £
340 100 5
= 30 ]
g 20 150 §
» 10 g
0 Y . 200
= S S 3 p S 3 p S pa
§ ¢ 8 = 8 & % & 5 3 2 3§
= Tawalama
o N T a1 A A L T
s o [T U T e
S 60 50 2
E 50 £
z 100 §
£ X g
5 2 150 -5
5 £
& 10 2
0 \ 200
= S S s S p B p = =
5§ ¢ & & 8 & 2 & 5 3 2 %
= Deniyaya
80 vy T A T I L LT R 0
0 H || ‘Ilw ‘ w WI‘H “ ‘ “ U(\ H|I\ 1 " |‘\ | |H‘| .
g 60 50 2
£
E 50 £
3 40 100 5
é 30 ]
g 20 150 §
& 10 w &
0 v; 200
= S S s s = =7 3 p i =
5§ ¢ & & 8 & 2 & 5 3 2 3§
mmmm Aningkanda
80y L L RO A R L Y O TR 0
N i L Lt A A A
g 60 50 §
IS
E %0 %
z 40 100 §
2 30 g
§ 20 150 §
& 10 2
0 Y, 200
S 2 g % % 9 = % = % % 3
§ 3 8§ 58 § & & 8 5 7 2 &
mmmm Neluwa

Figure C -29: Rainfall response to Tawalama Stream flow in year 2010/2011—
Normal scale
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Figure C -30: Rainfall response to Tawalama Stream flow in year 2011/2012—

Normal scale
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Figure C -31: Rainfall response to Tawalama Stream flow in year 2012/2013 —
Normal scale
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Figure C -32: Rainfall response to Tawalama Stream flow in year 2013/2014 —
Normal scale
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Figure C-33: Rainfall response to Tawalama Stream flow in year 2014/2015 —
Normal scale
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ANNEX D - ANALYSIS AND RESULTS
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Specimen Calculation for Ellagawa basin

Consider 2006/Oct/04
Thiessen average rainfall P(t) =2.07 mm/day
Daily pan Evaporation EP(t) = 3.45 mm/day

Model Parameter

Parameter ¢ = 2.5 (Assumed)
Parameter Sc =700 mm
Actual Evapotranspiration is given by,

E(t) = ¢ x EP(t) X tanh{(P(t)/EP(¢)} @

E(t) = 3.79 mm/day

Condition Applied,
1. Actual Evaporation should not be less than zero.
2. Actual Evaporation should not be more than pan evaporation.
3. The water content at the end of the day, S(t-1) is obtained from hydrologic cycle
and next day value S(t-1) is equal to S(t) of the first day.
S(t-1) =34 mm
Monthly runoff can be calculated by,
Q(t) =S(t—1)+ tanh{(S(t — 1) + P(t) — E(t)/Sc)}\@
Q(b) = 1.45 mm/day
Condition Applied,
1. Runoff should not be less than zero.
2. The water content at the t' month can be computed by,

S =S{t—1D)+P({t)—E(@)—Q(ty— @
S(t) =30.39 mm

Condition Applied,

1. Soil moisture content should not be less than zero.

Runoff coefficient can be calculated as,
C = Q()/P(Y) @

=0.89
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The average runoff in the calibration period is the average value in calibration data
set
Cavg =26

Catchment Area =1372.4 km?

Estimated streamflow can be calculated as

0 = Q(t) X Cavg X A X 106/(1000 X 24 X 60 X 60)—@

Q =1.33m%s

Error Estimation & Parameter Optimization
Mean Ratio of Absolute Error (MRAE)

MRAE = (1/n) x ,[Abs(Q0 — 05)/Q0] @

MRAE =0.46

Model was developed with excel using based on literatures (Xiong, 1999). First
equation of the model is as below.
E(t)/ EP(t) = cxtanh [P(t)/ EP(t)]

(19)

Where, E(t) — Model developed evaporation

EP(t) — Pan evaporation

P(t) — Rainfall

C — First parameter of the model (Pan Evaporation coefficient)

According to the basic concepts, E(t) can not be negative. Hence, condition was
applied to the model as,

If E(t) <0, then E(t) =0

When P(t)/EP(t) is greater than 1, tanh [P(t)/ EP(t)] is approaching to 1. Then E(t) =
cx EP(t)

When c is greater than to the 1, E(t) > EP(t)

But, theoretically EP(t) should be greater than the E(t). Hence, second condition

incorporated as,
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If, E(t) > EP(t), then E(t) = EP(t)
Second equation of the model is,

Q(O)=S(t-1)+tanh{(S(t-1)+P(t)-E(t)/Sc)}
(20)

According to the basic concepts, Q(t) can not be negative. Hence, condition
incorporated to the model as,
If, Q(t) <0, then Q(t) =0
The third equation of the model was used the continuity equation and modified
equation is as below.
S(t) = S(t-1)+P(t)-E(t)-Q(t)

(21)

The condition incorporated to the model as,
If, S(t)<0, then S(t) =0

Finally, model developed with while incorporating those conditions and then

optimization done.
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Table D-1: Data points with Disparities — Ellagawa Watershed

Date Rainfall Observed Streamflow
Apr-07 338.33 65.67
Aug-07 306.65 75.94
Jun-08 281.69 40.79
Aug-08 159.26 55.44
Jun-09 504.15 201.72
Sep-09 337.15 132.34
Nov-09 340.57 111.29
Apr-10 341.14 73.19
Jun-10 410.17 169.00

Jul-10 330.32 170.40
Aug-10 305.84 117.76
Sep-10 308.38 109.21
Nov-10 486.36 217.66
Apr-11 562.23 241.49

Jul-11 168.29 45.50
Aug-11 249.16 69.67
Oct-11 303.01 67.49
Nov-11 272.41 14.77
Mar-12 251.25 41.92
Jun-12 256.62 50.67
Aug-12 282.97 65.01
Sep-12 273.96 79.01
Oct-12 44250 111.29
Dec-12 394.84 102.75
Feb-13 189.56 47.93
Mar-13 332.97 59.34
Apr-13 214.45 50.06

Jul-13 382.71 143.51
Oct-13 368.23 96.22
Nov-13 361.83 137.25
Jan-14 253.36 52.52
Feb-14 60.22 26.42
Mar-14 130.76 30.31
Apr-14 331.34 47.14
May-14 214.76 55.57
Sep-14 388.64 99.54
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Table D-2: Data points with Disparities — Ellagawa Watershed

Month Monthly Rainfall Observed Streamflow
Dec-00 309.97 155.45
Apr-01 503.77 263.34
Jun-01 131.45 69.75
Jul-01 144.98 66.37
Aug-01 71.13 43.62
Sep-01 321.48 120.50
Feb-02 159.20 78.16
Jul-02 195.11 91.61
Sep-02 105.37 46.84
Jan-03 207.62 102.86
Mar-04 291.60 117.89
Feb-06 241.85 117.63
May-06 429.07 185.79
Feb-07 205.79 58.08
Apr-07 530.95 191.34
Aug-07 310.12 124.91
Mar-08 471.04 259.43
Nov-08 479.42 267.76
Feb-09 50.50 35.16
Apr-09 458.71 224.09
May-09 447.86 267.79
Aug-10 243.94 147.38
Feb-11 289.07 169.29
Jun-11 131.77 198.98
Jul-11 163.16 78.32
Feb-12 190.63 81.22
Aug-12 339.87 146.67
Sep-12 410.72 232.94
Oct-12 702.48 420.51
Aug-13 132.70 245.12
Oct-13 297.36 164.65
Apr-14 385.04 163.83
May-14 300.37 171.92
Sep-14 467.89 258.18
Mar-15 270.70 126.78
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Table D-3: Behaviour of MRAE with ¢ & Sc — Tawalama Watershed

Initial Parameters

Optimized Parameters

Optimized MRAE

Cc Sc c Sc
0.0001 0.10 5,368.71 0.10 0.31453
0.10 1.00 5,368,709.22 1.00 0.31456
0.0001 200.00 - - No value
0.0001 2,500.00 - - No value
0.0001 10,000.00 - - No value
0.20 200.00 0.60 - No value
0.20 2,500.00 0.37 - No value
0.20 10,000.00 0.36 - No value
0.30 0.10 0.95 0.10 0.29750
0.30 200.00 1.25 - No value
0.30 2,500.00 0.68 - No value
0.80 1,500.00 1.42 1,288.71 0.206687562518
0.80 0.10 0.95 0.10 0.29750
0.80 10,000.00 2.56 - No value
2.50 200.00 2.50 1,288.71 0.206687563469
2.50 2,500.00 2.50 1,288.71 0.206687564383
2.50 10,000.00 2.50 - No value
100.00 0.10 100.00 0.10 0.31453
100.00 1,500.00 100.00 1,288.71 0.206687562608
100.00 10,000.00 100.00 - No value
1,000.00 0.20 1,000.00 0.20 0.31453
1,000.00 1,500.00 1,000.00 1,288.71 0.206687562608
1,000.00 10,000.00 1,000.00 - No value
10,000.00 0.10 10,000.00 0.10 0.31453
10,000.00 1,500.00 10,000.00 1,288.71 0.206687562608
10,000.00 10,000.00 10,000.00 - No value
0.00 10.00 6.81 1,288.58 0.206687658
0.00 10.00 0.96 - No value
0.01 10.00 0.96 - No value
0.01 100.00 0.02 - No value
0.10 10.00 2.66 - No value
0.00 1,000.00 0.001 577.83 0.559781457
0.00 10,000.00 0.00 - No value
0.01 1,000.00 0.52 - No value
0.01 10,000.00 0.01 - No value
1.00 1.00 0.95 1.00 0.297504552
0.00 100.00 0.00 - No value
10.00 10.00 10.00 - No value
100.00 10.00 100.00 - No value
1,000.00 10.00 1,000.00 - No value
10,000.00 10.00 10,000.00 - No value
1,000,000.00 10.00 1,000,000.00 - No value
1,000,000.00 10,000.00 1,000,000.00 - No value
1,000.00 100.00 1,000.00 - No value
10,000.00 100.00 10,000.00 - No value
1,000,000.00 1,000.00 1,000,000.00 1,288.71 0.206687565
100,000.00 100.00 100,000.00 - No value
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Table D-4: Behaviour of MRAE with ¢ & Sc — Ellagawa Watershed — 2PM

Initial Parameters Optimized Parameters Optimized
c Sc c Sc MRAE
0.0001 0.10 1.77 0.10 0.6689
0.10 1.00 1.77 1.00 0.6689
0.0001 200.00 0.00 188.20 1.3566
0.0001 2,500.00 - - No Value
0.0001 10,000.00 0.00 - No Value
0.20 200.00 7.43 959.01 0.5056
0.20 2,500.00 0.32 - No Value
0.20 10,000.00 0.32 - No Value
0.30 0.10 1.77 0.10 0.6689
0.30 200.00 16.46 959.01 0.5056
0.30 2,500.00 0.58 - No Value
0.80 1,500.00 1.75 853.02 0.48576
0.80 0.10 1.00 0.10 0.6791
0.80 10,000.00 2.82 - No Value
2.50 200.00 1.27 827.88 0.48478
2.50 2,500.00 1.33 853.02 0.4850
2.50 10,000.00 3.02 - No Value
100.00 0.10 100.00 0.10 0.7450
100.00 1,500.00 100.00 959.01 0.5056
100.00 10,000.00 100.00 - No Value
1,000.00 0.20 1,000.00 0.20 0.7450
1,000.00 1,500.00 1,000.00 959.01 0.5056
1,000.00 10,000.00 1,000.00 - No Value
10,000.00 0.10 10,000.00 0.10 0.7450
10,000.00 1,500.00 10,000.00 959.01 0.5056
10,000.00 10,000.00 10,000.00 - No Value
0.00 10.00 0.00 - No Value
0.00 10.00 0.00 - No Value
0.01 10.00 0.04 - No Value
0.01 100.00 0.81 - No Value
0.10 10.00 2.48 - No Value
0.00 1,000.00 0.00 - No Value
0.00 10,000.00 0.00 - No Value
0.01 1,000.00 0.01 - No Value
0.01 10,000.00 0.01 - No Value
1.00 1.00 1.00 1.00 0.679114956
0.00 100.00 1.07 1,165.89 0.568388273
10.00 10.00 10.00 - No Value
100.00 10.00 100.00 - No Value
1,000.00 10.00 1,000.00 - No Value
10,000.00 10.00 10,000.00 - No Value
1,000,000.00 10.00 1,000,000.00 - No Value
1,000,000.00 10,000.00 1,000,000.00 - No Value
1,000.00 100.00 1,000.00 97.59 0.68787592
10,000.00 100.00 10,000.00 97.59 0.68787592
1,000,000.00 1,000.00 1,000,000.00 959.01 0.505634092
100,000.00 100.00 100,000.00 97.59 0.68787592
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Table D-5: Annual Water Balance 2PM (Monthly Input - Calibration) - Tawalama

Watershed
vor | Averogen | Simited || Ofmerved | “yiaor” | Caer | Wetr
Rainfall (mm) (mm) Balance Balance Balance
(mm) (mm) (mm) Error (mm)
2000/2001 3006 2293 1920 1085 713 372
2001/2002 2842 1988 1935 908 854 53
2002/2003 3783 2745 3055 727 1038 -311
2003/2004 3719 2768 2674 1044 951 93
2004/2005 3560 2652 2410 1151 908 242
2005/2006 3763 2879 2628 1136 884 252
2006/2007 3924 2905 2513 1410 1018 392
2007/2008 4176 3352 3489 688 824 -137
Average 1019 899 120

Table D-6: Annual Water Balance 2PM (Monthly Input - Validation) - Tawalama

Watershed
Thiessen . Observed Simulated
Simulated Observed Annual Water
Year Ave_raged Streamflow | Streamflow Water Water Balance Error
Rainfall Balance Balance
2008/2009 4167 3053 2705 1461 1114 348
2009/2010 3807 2892 2743 1063 914 149
2010/2011 4149 3315 3034 1115 834 281
2011/2012 3437 2386 2370 1067 1050 16
2012/2013 4684 3823 4473 210 860 -650
2013/2014 3666 2750 2496 1171 916 254
2014/2015 4639 3740 3236 1403 899 504
Average 1070 941 129

Table D-7: Annual Water Balance 2PM (Monthly Input - Calibration) - Ellagawa

Watershed
Thiessen . Observed Simulated Annual
Averaged Simulated Observed Water Water Water
Year . Streamflow | Streamflow
Rainfall (mm) (mm) Balance Balance Balance
(mm) (mm) (mm) Error (mm)
2006/2007 2873 1955 1394 1479 917 561
2007/2008 2920 1955 2089 831 965 -134
2008/2009 2932 1899 1403 1529 1034 496
2009/2010 3436 2466 1621 1814 970 845
Average 3040 2069 1627 1413 971 442
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Table D-8: Annual Water Balance 2PM (Monthly Input - Validation) - Ellagawa

Watershed
Thiessen . Observed | Simulated Annual
Year Averaged SiLr:;rEﬁgev S(t)rtézer:;ﬁ) (il/v Water Water Water
Rainfall (mm) (mm) Balance Balance Balance
(mm) (mm) (mm) Error (mm)
2010/2011 3387 2475 1770 1617 912 705
2011/2012 2597 1594 748 1849 1004 845
2012/2013 3976 3033 1761 2214 942 1272
2013/2014 3460 2564 1352 2108 896 1212
Average
3355 2416 1408 1947 939 1008

Table D-9 : Annual Water Balance - 2PM (Daily Input) — Calibration Period —

Tawalama Watershed

Thiessen Simulated Observed Observed | Simulated Annual

Year Ave_raged Streamflow | Streamflow Water Water Water

Rainfall (mm) (mm) Balance Balance Balance

(mm) (mm) (mm) Error (mm)

2000/2001 3006 2554 1919 1086 451 635
2001/2002 2842 2307 1934 909 536 373
2002/2003 3794 3117 3054 740 677 63
2003/2004 3719 3056 2673 1046 663 383
2004/2005 3565 2894 2408 1157 672 485
2005/2006 3763 3188 2650 1114 576 538
2006/2007 3924 3347 2512 1411 576 835
2007/2008 4339 3790 3494 845 549 296
Average 1038 587 451
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Table D-10 : Annual Water Balance - 2PM (Daily Input) — Validation Period —
Tawalama Watershed

Thiessen .
Average | Simulated Observed Observed Simulated Annual
Water Water Water
Year d Streamflo Streamflo
. Balance Balance Balance
Rainfall w (mm) w (mm)
(mm) (mm) Error (mm)
(mm)
2008/2009 4167 3502 2705 1461 665 796
2009/2010 3807 3214 2743 1063 592 471
2010/2011 4149 3674 3034 1115 475 640
2011/2012 3437 2757 2370 1067 680 387
2012/2013 4684 4248 4473 210 435 -225
2013/2014 3666 3097 2496 1171 569 602
2014/2015 4639 3975 3236 1403 663 739
Average 1070 583 487

Table D-11 : Annual Water Balance - 2PM (Daily Input) — Calibration Period —
Tawalama Watershed

Thiessen Simulated Observed Observed | Simulated Annual
Averaged Water Water Water
Year . Streamflow | Streamflow
Rainfall (mm) (mm) Balance Balance Balance
(mm) (mm) (mm) Error (mm)

2006/2007 2760 2261 1394 1366 500 867
2007/2008 2920 2289 2088 832 631 201
2008/2009 2929 2242 1395 1535 687 848
2009/2010 3438 2798 1630 1808 641 1167
Average 1385 615 771

Table D-12 : Annual Water Balance - 2PM (Daily Input) — Validation Period —
Ellagawa Watershed

Thiessen Simulated Observed Observed | Simulated Annual
Averaged Water Water Water
Year . Streamflow | Streamflow
Rainfall (mm) (mm) Balance Balance Balance
(mm) (mm) (mm) Error (mm)

2010/2011 3388 2808 1770 1618 580 1038
2011/2012 2593 1855 747 1846 738 1108
2012/2013 3948 3148 1761 2187 800 1387
2013/2014 3493 2874 1354 2139 619 1521
Average 3355 2671 1408 1947 684 1263
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Table D-13: Behaviour of MRAE with ¢ & Sc — Tawalama Watershed — 2PM

Initial Parameters

Optimized Parameters

c Sc Rc c Sc AF Oﬁjgnpi‘?d

0.0001 0.10 0.00 0.4010 0.10 | 0.72 0.22538

0.10 1.00 0.10 0.40 1.00 | 0.72 0.22538

0.0001 200.00 0.20 (0.03) 200.00 | 0.64 0.27626

0.0001 2,500.00 10.00 25.4969 2,500.00 | 0.81 0.19848

0.0001 10,000.00 | 100.00 2,670.1528 9,999.95 | 0.71 0.30552

0.20 200.00 100.00 3,282.05 200.25 | 0.83 0.33147

0.20 2,500.00 | 1,000.00 284,415.67 2,475.57 | 0.81 0.19753

0.20 10,000.00 | 10,000.00 26,843,608.17 | 9,545.64 | 0.71 0.30291

0.30 0.10 100.00 3,285.40 0.10 | 0.85 0.28099

0.30 200.00 10,000.00 33,922,806.53 | 2,377.46 | 0.82 0.19357

0.30 2,500.00 | 10.00 26.53 2,500.00 | 0.81 0.19848

0.80 0.10 10.00 38.61 0.10 | 0.85 0.28099

0.80 10,000.00 | 100,000.00 | 53,687,092.00 | 9,129.99 | 98,315.06 | 125,630.53315
2.50 200.00 0.10 2.50 200.29 | 0.82 0.331485946057
2.50 2,500.00 | 1,000.00 2.50 2,465.86 | 0.81 0.197142926238
2.50 10,000.00 | 100.00 2.50 9,999.94 | 0.71 0.30552

100.00 0.10 1.00 100.00 0.10 | 0.85 0.28099

100.00 10,000.00 | 10,000.00 100.00 9,444.11 | 0.71 0.30230
1,000.00 0.20 10.00 1,000.00 0.20 | 0.85 0.28099
1,000.00 10,000.00 | 10,000.00 1,000.00 9,444.11 | 0.71 0.30230
10,000.00 0.10 0.01 10,000.00 0.10 | 0.85 0.28099
10,000.00 10,000.00 | 10,000.00 10,000.00 9,444.11 | 0.71 0.30230

1.00 1,500.00 0.8 | 1.02 1,292.00 | 0.83 0.173326027
0.00 10.00 10.00 29.56 10.00 | 0.85 0.282298351
0.00 10.00 100.00 3,266.22 1.27 | 0.84 0.281586649
0.01 10.00 1,000.00 314,026.72 10.01 | 0.85 0.282299825
0.01 100.00 100.00 3,270.65 100.94 | 0.83 0.318225764
0.10 10.00 0.10 0.40 10.00 | 0.72 0.225384207
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Initial Parameters Optimized Parameters Optimized
c Sc Rc c Sc AF MRAE
0.00 1,000.00 | 0.10 (0.01) 1,000.00 | 0.64 0.223035331
0.00 10,000.00 | 100.00 2,671.48 9,999.95 | 0.71 0.305521864
0.01 1,000.00 10.00 26.13 1,000.00 | 0.89 0.189740959
0.01 10,000.00 | 100.00 2,684.67 9,999.95 | 0.71 0.305521863
1.00 1.00 1.00 0.40 1.00 | 0.72 0.225383439
0.00 100.00 10.00 29.90 100.01 | 0.83 0.317894135
10.00 10.00 10.00 10.00 10.01 | 0.85 0.282299131
100.00 10.00 100.00 100.00 10.76 | 0.85 0.282383628
1,000.00 10.00 1,000.00 1,000.00 116.71 | 0.84 0.323216999
10,000.00 10.00 10,000.00 10,000.00 10.00 | 10,000.00 10279.18348
1,000,000.00 | 10,000.00 | 10,000.00 1,000,000.00 9,444.11 | 0.71 0.302295429
1,000.00 100.00 1,000.00 1,000.00 169.94 | 0.83 0.3318077
10,000.00 100.00 10,000.00 10,000.00 7,098.92 | 0.73 0.284566407
100,000.00 100.00 1,000.00 100,000.00 169.94 | 0.83 0.3318077
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Table D-14: Behaviour of MRAE with ¢ & Sc — Ellagawa Watershed — 2PM

Initial Parameters

Optimized Parameters

Optimized

c sc AF c sc AF MRAE
0.0001 0.1000 0.1000 0.0001 1419 03925 | 0.2895
0.1000 1.0000 0.0001 0.0017 1 ¢ g9 03927 | 02895
0.0001 2000000 | 05000 0.0001 | 5389 03802 | 02402
0.0001 2,500.0000 | 10.0000 0.0001 | g53 8 03802 | 0.2402
0.0001 10,000.0000 | 100.0000 000011 4 195,80 02326 | 04336
0.2000 2000000 | 100.0000 02176 | 199,94 0.44 0.3385
0.2000 2,500.0000 | 1,000.0000 02149 | 551633 0.38 0.2881
0.2000 10,000.0000 | 10,000.0000 02135 1 9 925,00 0.34 0.4544
0.2000 2000000 | 0.0001 0.1088 | 908,77 0.39 0.2364
0.2000 2,500.0000 | 100,000.0000 0.2149 | 51750 037659 | 0.2881
0.2000 10,000.0000 | 0.0000 " | 1,312,837,369,303 | 3,176.19 | 0.5753
0.0001 0.1000 10,000.0000 0.0001 1 4 19 039253 | 0.2895
0.1000 1,0000 1,000.0000 0104214 g0 0.40 0.2923
0.0001 200.0000 | 100.0000 0.0001 1 500,03 0.39 0.3240
0.3000 0.1000 100,000.0000 03418 | 910 0.46 0.3080
0.3000 2000000 | 10.0000 03316 | 0543 0.45 0.3494
0.3000 2,500.0000 | 0.0100 ) ~ | 019 No value
0.8000 1,500.0000 | 0.0100 ) " | 024 No value
0.8000 0.1000 100.0000 11864 | 519 0.60 0.4483
0.8000 10,000.0000 | 0.8000 0.9735 ) No value
25000 200.0000 | 0.0010 3.2933 " | o003 No value
25000 2,500.0000 | 0.0000 0.1384 | 55 386,706.76 0.24 05710
2.5000 10,000.0000 | 1,000.0000 25794 | g 93991 0.45 0.4259
1000000 | 0.1000 100.0000 1000000 | 49 0.52 0.4115
1000000 | 1,500.0000 | 05000 1000000 | 4 991 o7 0.62 0.2576
1000000 | 10,000.0000 | 0.8000 100.0000 " | 046 No value
1,000.0000 | 0.2000 0.4000 10000000 | 5, 0.52 0.4115
1,000.0000 | 1,500.0000 | 1,000.0000 10000000 | 4 550 59 0.65 0.2816
1,000.0000 | 10,000.0000 | 10,000.0000 1,000.0000 | g 705 49 0.46 0.4215
10,000.0000 | 0.1000 0.5000 10,000.0000 | 4 052 0.4115
10,000.0000 | 1,500.0000 | 0.1000 10,000.0000 | 4 991 4, 0.62 0.2576
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Initial Parameters

Optimized Parameters

Optimized

c sc AF c sc AF MRAE
10,000.0000 | 10,000.0000 | 10,000.0000 | *0:000:0000 | g70; 49 0.46 0.4215
0.0001 10.0000 0.8000 0.0001 0.39 No value
0.0010 10,0000 10.0000 0.0010 | 4509 0.39 0.2896
0.0100 10.0000 0.5000 0.0053 0.39 No value
0.0100 1000000 | 100,000.0000 0.0100 | 409,97 0.39 0.3170
0.1000 10.0000 0.5000 "~ | 693 0.39 0.2895
0.0010 1,000.0000 | 0.0000 " | 7,724606.97 0.20 05723
0.0010 10,000.0000 | 0.5000 0.0010 0.30 No value
0.8000 1,000.0000 | 0.8000 05234 | 97529 04637 | 022538
0.8000 1,000.0000 | 10,000.0000 11362 | g9 52 0.66 0.2595
0.8000 1,000.0000 | 100.0000 08995 1 4 202,03 0.56 0.2338
0.5234 9752002 | 0.0001 00018 | 591 997.69 0.21 0.5681
05234 9752002 | 00100 04310 | 93791 0.45 0.2264
0.5234 9752002 | 1,000.0000 0.6507 | 893,84 0.50 0.2302
0.5234 9752002 | 0.8000 0.5234 | 975 29 0.46 0.2253758
0.0100 10,000.0000 | 0.5000 0.0100 0.30 No value
1.0000 1,0000 0.1000 "~ | 100 0.39 0.2894595
0.0010 1000000 | 10.0000 0.0010 0.43 No value
10.0000 10.0000 10.0000 10.0000 | 4 o5 0.52 0.4140
1000000 | 10.0000 100.0000 1000000 | 44 g 0.52 0.4140
1,000.0000 | 10.0000 0.1000 1,000.0000 0.52 No value
10,000.0000 | 10.0000 100.0000 10,000.0000 | 4 g 0.52 0.4140
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Table D-15: Annual Water balance (Calibration) - 3PM (Monthly Input) — Tawalama

Thiessen . Observed Simulated Annual
Averaged Simulated Observed Water Water Water
Year . Streamflo Streamflo
Rainfall w (mm) w (mm) Balance Balance Balance
(mm) (mm) (mm) Error (mm)
2000/2001 3006 1928 1920 1085 1078 8
2001/2002 2842 1678 1935 908 1165 -257
2002/2003 3783 2304 3055 727 1479 -752
2003/2004 3719 2319 2674 1044 1400 -355
2004/2005 3560 2219 2410 1151 1342 -191
2005/2006 3763 2401 2628 1136 1363 -227
2006/2007 3924 2448 2513 1410 1475 -65
2007/2008 4176 2799 3489 688 1377 -690
Average 1019 1335 -316

Table D-16: Annual Water balance (Validation) - 3PM (Monthly) — Tawalama

Thiessen Simulated Observed Observed Simulated Annual
Year Averaged Streamflo | Streamflo Water Water Water
Rainfall w (mm) w (mm) Balance Balance Balance
(mm) (mm) (mm) Error (mm)
2008/2009 4167 2694 2705 1461 1473 -11
2009/2010 3807 2551 2743 1063 1255 -192
2010/2011 4149 2884 3034 1115 1265 -150
2011/2012 3437 2103 2370 1067 1334 -267
2012/2013 4684 3323 4473 210 1361 -1150
2013/2014 3666 2415 2496 1171 1252 -81
2014/2015 4639 3245 3236 1403 1394 9
Average 1070 1333 -263
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Table D-17: Annual Water balance (Calibration) - 3PM (Monthly Input) — Ellagawa

. . Annual
Thiessen Simulated Observed Observed | Simulated Water
Averaged Water Water
Year . Streamflo | Streamflow Balance
Rainfall Balance Balance
(mm) w (mm) (mm) (mm) (mm) Error
(mm)
2006/2007 2873 1127 1394 1479 1746 -267
2007/2008 2920 1138 2089 831 1781 -950
2008/2009 2932 1111 1403 1529 1821 -292
2009/2010 3436 1366 1621 1814 2070 -256
Average 3040 1186 1627 1413 1854 -441

Table D-18: Annual Water balance (Calibration) - 3PM (Monthly Input) — Ellagawa

. . Annual
;\t‘;;siré Simulated Observed O\?\?Z::fd S'\Tvl;!(aetred Water
Year rag Streamflo | Streamflow Balance
Rainfall Balance Balance
(mm) w (mm) (mm) (mm) (mm) Error
(mm)
2006/2007 2873 1127 1394 1479 1746 -267
2007/2008 2920 1138 2089 831 1781 -950
2008/2009 2932 1111 1403 1529 1821 -292
2009/2010 3436 1366 1621 1814 2070 -256
Average 3040 1186 1627 1413 1854 -441

Table D-19: Annual Water balance (Calibration Period) - 3PM (Daily Input) —

Tawalama
Thiessen Simulated Observed Observed Simulated Annual Water
Averaged Water Water
Year - Streamflow | Streamflow Balance
Rainfall (mm) (mm) Balance Balance Error (mm)
(mm) (mm) (mm)
2000/2001 3006 1928 1920 1085 1078 8
2001/2002 2842 1678 1935 908 1165 -257
2002/2003 3783 2304 3055 727 1479 -752
2003/2004 3719 2319 2674 1044 1400 -355
2004/2005 3560 2219 2410 1151 1342 -191
2005/2006 3763 2401 2628 1136 1363 -227
2006/2007 3924 2448 2513 1410 1475 -65
2007/2008 4176 2799 3489 688 1377 -690
Average 3,596.65 2,261.90 2,578.09 1,018.56 1,334.75 (316.18)
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Table D-20: Annual Water balance (Validation Period) - 3PM (Daily Input) —

Tawalama

Thi n . rv imulat Annual

Aveﬁzsalzeed Simulated Observed O\t/)\iztef e Wit?a red Watté?’

Year - Streamflow | Streamflow
Rainfall Balance Balance Balance
(mm) (mm) (mm) (mm) (mm) Error (mm)
2008/2009 4167 2694 2705 1461 1473 -11
2009/2010 3807 2551 2743 1063 1255 -192
2010/2011 4149 2884 3034 1115 1265 -150
2011/2012 3437 2103 2370 1067 1334 -267
2012/2013 4684 3323 4473 210 1361 -1150
2013/2014 3666 2415 2496 1171 1252 -81
2014/2015 4639 3245 3236 1403 1394 9
Average 4,078.18 2,744.96 3,008.14 1,070.04 1,333.23 (263.19)

Table D-21: Annual Water balance (Calibration Period) - 3PM (Daily Input) —

Ellagawa
Thiessen Simulated Observed Observed Simulated Annual Water
Year Averaged Streamflow | Streamflow Water Water Balance Error
Rainfall (mm) (mm) Balance Balance
(mm) (mm) (mm) (mm)
2000/2001 2760 1178 1394 1366 1583 -216
2001/2002 2920 1222 2088 832 1698 -866
2002/2003 2929 1186 1395 1535 1744 -209
2003/2004 3438 1450 1630 1808 1988 -180
Average 3012 1259 1627 1385 1753 -368

Table D-22: Annual Water balance (Validation Period) - 3PM (Daily Input) —

Ellagawa

Thiessen . Observed | Simulated Annual
vear || S | o | (| |

(mm) (mm) (mm) Error (mm)
2004/2005 3388 1455 1770 1618 1933 -315
2005/2006 2593 1030 747 1846 1563 283
2006/2007 3948 1648 1761 2187 2300 -113
2007/2008 3493 1478 1354 2139 2015 124
Average 3355 1403 1408 1947 1953 -5
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