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PREFACE

The hydrolegicz] behaviour of catchncnts is a 'varQ complex phanonenon .}
which is cortrolled by a large number of climatic and’ phféiqgréph1c factors
- that vary . in time and space."The bas1c'.brob1em of hydrology is the
estab!ishment of relationships between rainfall and runoff. Sevérai
approaches available for the computation of natef yicld - at tne catchment
outTet over a spec1f1c period of time. The conceptual catchment water ba]ance
model is uaed to simulate changes in  runoff and baseflow with annual

precipitation 1n the basin. The main advantage of the model is its simpIicity '
and less data requ1rement The model can be applied to any bas1n by f1a1d
Engineers without much knouT,uge of ccmputers to understand the hydr01091ca1

bahaviour of the catchment.

The app11cah-|1ty of the conceptua] catchment water balance modeT. is
being Pxplained in this report by appiving to Sarada river basin. Th1s study

| is carr1ed out. by sri ¥ Ram31 Satyaji Rao, Scientist’ B’ and- assisted by sri T.

“Viaaya, SRA. Wh11e Dr P.v. Seetapathi Sc ’F’ Head & Co ordinator ORC,

superv1sed and the overa]l gu1dance for the study was provided by Dr. V¥ ﬂ

. Ponce, Professoc, C1v11A and Environmental fngg. . Dept., :San Diego State

_Un1Versity; U S'A.
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. ABSTRACT

The conceptu31 model of catchment water batance is - used to

j simulate changes in runoff and baséflpﬂ with_'annual prebip1tat10h in the.

sarada River Basin, Andhra Pradesh, “India. The model is based "on the
sequential separation “of annual precipitation into surfsce runoff and
wetting, and wett1ng into baserou and vaporization. Model calibration usin§
six years of ra1nfa!] runoff data (1981- -86) was ‘successfuily accomplished
' us1ng a root~mean—squara m1n1m1zat10n technique. This application shows that -
| the moda1 can simulate . changes in :unofr and basef1ou with' annua]
precip1tat1on in a 1arge subtrop1ca] basin {1, 980 km ) with a spat1a1 mix of

sem1ar1d and subhumid ¢limatic cond1t1ons..




1.0 INTRODUCTION

R . L X

A cétcﬁment;s water yield is a fundamenfai;'prdbiém n hydro]ogy,
referring to the vo1ume of water available at the catchment out]at over =&
specified perlod of time. The yleld is expressed for month]y, seasonal or
annual periods Several approaches are available for the computation of water
y1eld ' These vary in comp1ex1ty from the s1mpIe empirical formulas to the
coﬁbiex‘models based_on'continuous sfmulagion. While the empiricaf‘;fbnMdias
have limited applicability (Sutcliffee and Rangeley, 1960; Woodruff and
Hewlett, 1970), the contiriuous simulation models require large amounts of
data . fﬂr their successfu1’“operat1on (Crawfokd-'énd Linsley, 1966). A
-prapticai'a1tsrnativef15'rebkeéented by the‘éonceptﬁa] models, which use the
water balance (or hydrologic budget) equépidn to seperate precipitation into

- its various components (Hamon, 1963).

Water balance techniques are a yay'of‘solv1ng important theoretical ' and
practical hydrological problems. Using the water baiance approach it 1s‘
poééible to make a quantitative evaluation of water resources and - to éésess.
any changes that might 6ccur through the influence of man’s' actjvity. The
study of the water balange structure of regu]ated r1ver: basins permits' the
kationa1_uSe; control and redistribution of water resources in time . and
space. Knowledge of the water balance assists ‘the predict19n of the
consequences of artificial cﬁanges ih the regime of streams, lakes and.

groundwater.

Current information on the water‘bEIance of river basins for short time
intefvais - a season, month, week or day- is used for operational management
of reservoirs and-for the compilation of “hydrological forecasts for water:
- management. An understanding of the uﬁter balance is also extremely important
for studies of the hydro?ogica] cycle With water balance data it 1s possib1e

to compare 1nd1v1dua1 sources of water 1n a system, over dafferent periods of




time and to establish the extent of their effect on variations in the water

regime. Water balance studies can also provide an indirect . evaluation of any

unknowp water balance components.. For example, long-term evaporation from a

river basin may be computed by the differeﬁcg between precipitation and

runoff.. .

~ Ponce and Shetty {1995) have deve]opqd 8 _conceptuél model of annual

uatgr.'balance‘ suitable. for -application to a wide range of cliﬁgtig_

conditions. The model separates apnuai precipitation into its three major

components: surface runotf, baéeflow and vapdrization.i in this papér, the
model is applied to the Sarada river basin, in the State,of Andhra Pradesh,

India. The.bqé1h‘has a tpta} area Qf 2,590 kmf it features m -gpatial mix of .

‘semiarid and subhumid climatic conditions, and grains to tha Bay of Bengal,

l fn the Indian Ocean.



2;0_REVIEH OF THE CONCEPTUAL CATCHHENT WATER BALANCE MODEL

The‘conceptua1 catchment water balance modei separates annual
‘precipitation 1nto two uovponentq (Ponce and Shetty, 1995)
P=s+w R o m

in whiéh P = annual precipitation, $ = Surface runoff .defined as fhe
Fractioh -of runoff orig1natiﬁg on thé Iahd surface, and u = Catchmént
wetting, defined as the fraction of. precipitation which does not contribute
to surface runoff. .In turn, wettlnq is separsted into two componﬁnts

W.= UV : S ' : (2

S

in which'U “'baseflow ‘defined as the fract1on of wettlng which exfi]trates
as the-dry.weather flow of r1vers, and V 5l_vapqr1zat10n, the fract1on 01
ﬁetting'retﬁrned tb the atmosphere as water vépor “(Lee, ‘1970). The term
vaporization 'encompasses 7311 moisﬁure‘ returned to the . atmosphere by
evaporation' i.e. evapotransp1rat1on from vegetated areas, evaporat1on from
-nonvegetated areas and evaporat1on From water bod1es Deep perco]at1on, the
'Dortlon of wetting not contr1but1nq to either basr“ou ur vapeorization, is a
very small fraction of precip1tat1on, and is neglected here on pract1ca]
greunds (L’vovich, 1979). The systematic diagram of conceptua] _catchment

‘water balance model is.shown in Fig 1. In which

i

evaporation

evapotranspiration

evaporation from non vegetated areas of the earth surface

H
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Runoff consists of surface runoff and baseflow




P=S+W
W=U+V
V=E+T
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FIG. 1 Systamatic diagram of Conceptual catchment
water balance modet




Precip1tét19n consists of runoff and vaporization :

P=R+V _ : | : W
Combining Eqs. 3 and 4
PzS+U+V L o | ' (5)
Equat1on$ 1 to 4 constitute a set of water:balance equations. - Equation 5
separates annual precipitation into its three major- components: . surface

" runoff, basefiow and vaporization. Th1s equat1on assumes that the anhua1

change in soil mo1sture storage is negligible, and assumption which is useful

as a first approx1mat1on.
The runoff coéfficient is .:

K= -— T e

. T L -

i,.K=‘9" o .""(3)
Thg baseflow gain is :

K oz - o - ) Coe (9)




L’Vovich (1979) has shown that £q.1.can be modeled by a  proportional
re1at10n‘$ugh that yetting asymptotically reaches an ﬁpper bound (u——>wp) as .
precigitation increase unbounded (P-->a ).Likgwise, £9.2 can be modeled by
the séme type of relation, i.e. one where vaporization asymptotically reaches
an upper bound (v—~>vp) ags wetting increases unbounded (W--:x j. In this way,
thg sequential two-step separation of annual precipitation into its three
major components, surface runoff, 'basef1ow,' aﬁd vaporization, is

accomp1ishedr

Ponce and Shetty (1995) have used this proport{onal_'goncept to
formulate the eduations_of.théir water balance model. ' The surface rundff
submodel is ": ' 5 ‘

— AW
(P ..swp)

S =
- 2
P+ ( 1 2..5).hb
subject to P > hs"p and § = 0 otherwise, with ls= surface-runoff initial

abstraction ratio (dimensionless), and Wp: Wetting potential, in c¢m or mm.

The baseflow submecded is :

. : C 2
(w -.huvp)
U=

. &) :‘
M2

‘subject to W > X V:; and U0 otherwise, with X = =baseflow initial

- abstraction ratib (HimensionIess) and Vp: vaporization potentia1 in cm or mm

. Thus, gi#en‘annua] precipitation and a set of initial abs;ractiqn
coéfficienté hsand kq , aﬁa potentjaTg wp and Vp, Eqs;10 to 11 (together with
" Eq.1) afe used to -separate ‘annual precipitation into surface runoff,
basef]ow,énd vahorization. Then, runoff ié calculated using Eq.3, and funoff

and baseflow coefficients are_calcu1ated using Egs. 6 “and 8, respectiveiy.




The procedure is repeatéd for a realistic ‘fange of annual precipitation,
.Teading to a,éet of runoff and baseflow funptions (runcff and basefiow .
coefficients ' vs annual precipita;jon)."Then, runoff.nnd baseflow gains.'are
‘ calculateq uUSing Ens. 7 .and 9 respectively.The generic form of the
proportibna1 relation of surface runoff submodel 'and. bassflow submodel is

expressed as:

(=% 2.) | o

X+ (1220 )2
. , - p

in which' X = independent variable
‘ vz dependent.variablé
A = initial abstraction coefficient

Zp = pqtentié] value of the difference Z - X—Y o

The model sépérdtes annun1( precipitation ‘1nto . 1té three major
cumponents Surface runoff, baseflow, and vaporization. It is based on a two
- step sequential application of a proportiona] relation linkwng tuo ‘vnr1abIés
X and Y, such ‘that the d1fference 2= XY asymptotlcaily reaches an uppar
. bound,as‘x and Y grow unbounded, The-proportiona] relation is shown in Figr.z;




Y (mm)
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FIG. 2 Generic relation of surface runoff mode1
and baseflow model -




3.0 THE SARADA RIVER BASIN

The Sarada r1ver-basin is comprised within latitudes 17025'to‘ 18015’N
and longitudes 82032 to e3°os E (Fig.3). The total catchment -area is 2,590
kmz. The catchment is positioned between the Eastern Ghats and the eastern
coast11na of India, with its mouth on the Bay of BengaI on the Indian.Ocean.
The basin headuaters are at Anantagir1 Hills V1shakapatnam d13tr1ct -Andhra
Pradesh state, at an a]titude of 1, 448 m. The Sarada river main stem flows
in a predominantly north-south direction . for “about 'idd -km to reach
Anakap§111, where there is a gaging station. From Anakapalli, the river
flows first southwest and then south for about 60 km to reach. its mouth’ qn'v
the Baf of Bengal (Fig.a).' The principal triﬁutaries off'thé ‘Sarada river
are: Bodderu, Técheru. Paderu; Chintala Gedda, and Vedurla Gedda. The river
and its tributaries are intgfmittent; and subject to occasional flopds. The
portion of the basin upstream of Anakapalli, with a catchmént area of 1,980 -
kmz, has been_considered in this study. Topographically the bééfn' can be
divided -into mohnéains, hii]s aﬁd r1d§es and plains‘ The northern ‘and
northeastern parts of the basin have mountains with a maximum re]ief of 1620
mts. Down south the hills and ridges are at an altitudinal range of 150 " to
600 mts. | '

: 3.1 Geo1o§y

The Sarada river basin presenté a  metamorphic succession of . rocks
belonging to.the Khondalite suite‘of rocks. The "arenaceous, argi]1aceous
calcareous and manganiferous members of the khondal1te series are qradat1ons
in the sedimentary rocks which have later,undergone reQTOna] metamorph1sm of
high grade. Structurally the rock formations, tfend in a ]éenéral' NE-SW
direction dipping south eact with deviatiohslin strike towards‘NNNw 88k, M-S
and NNE-SSW. The foliation observed in thesé_js analogous to the gneissic
structure of the:hfgh grade ﬁetamérphic.rOP?é The eastern ghats ‘have in

general, multiple field structures with extene1ve fau1t1ng and consequent‘
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_develo pm “t_ef fracture patterns. The geolcgy of the basin 1s characterized
by khondalite rocks (65 percent), granite gneiss (20 percent), charnockites

(10 percent), and quartzites (5 percent) (CBI & P, 1986).

1.2 Soils .

The soils are of four types (IARI, 19?0): (1) sandy soils, {2) Tloamy.

" soils, (3) c1ayr1oamy soils; and f#)‘c1ayey spils. Residual soils’ are“of
~common occurrence on the hills uhereas'transportee soils are present in the
piains. Sandy soils characterise quartzitic terrains while clayey soils are

‘ on charnockite and gneissic regions, The eandy soils are usually brickrred in

celeur. The c1ayey soils have a colour which ranges from black to grey.

3.3 C1imafe

The basin has'tﬁo types of climate': (1) subhhmid in the Upper- reeches,
. close to the mountain range, and (2) semiarad in the Tower reaches, 1nc1ud1ng
the alluvial va11eys and near-coastal regions. The average c11mete of the
year is characterlsed by four distinct seasons. -

: They are:

1. Winter season. (December to Februarv)

2. Hot weather season (March to -May)

3. South weet monsoon’season (June to Seotpmber}
4. Post monsoon season (October and November\ '

Mﬂv i the hottest month with a mean montth max1mum temperature of 36. 9_
¢ and mean monthly minimum.temperature of 17.5 ¢ at AnakapaT]i. The air is ‘ ‘ ot
general1y humid throughout the year inithe coastal parts of the basin. But at
 the upstream of river the humidity is 1less than in the coastal parts,
especially during the summer season. The eyaporatipﬁ varies from 3.2 mm
(Jénuary),to‘T.Smm {April). The maximum evaporation has been'recorded during
the month of April. From May onwards evaporation gradually decreases with the
onset of mensoon.The basin is subJect to the southwest monsoon, with 90
percent of annual precipitation cccurring dur1ng,the monsoon season (June to

November). During the month of May the basin received about 6% of the average




annual rainfall due to summer showers. The balance amount of rainfall was

received during the period ranging from Feb to April.

3.4 Geomorphology
The geomorphology of the Sarada river basin is studied from asrial
photographs with supporting ground information (Prudviraj and Va1dyanadham,
1981). The following geomorphic features have been identified in .the basin,
they are paleo—channe]s, flood plain, pediment fans “tidal flats, residua]
hills, creep buiid p1a1ns wash p1a1ns, river terraces and sediments.
River buiit plains/ flood plains are the cpnstructional ~land forms
" resulting from the fluviai deposition. The river bui]t plain/flood piains are
S the two features which are recorded in the basin. .The plain which occupies a
1arge portion of the basin on both s1des of the Sarada river as wvell as “its
- tributaries in built plain. An extensive network of abandoned (buried}
| channels 1in the plain -suggests intensive fluvial -action .and extensive
meander1ng of the river, So these alluvial deposits mak1ng up the plain are

due to the essentia?]y m1grat1ng meander be?ts

3.5 Runoff - Land use/Cover _
Runoff computat1ons for the Sarada river bas1n show that most of the

runoff 1s produced by the Upper sub basin, which cons1sts of ‘dense . forest

with steep gradients (Subbaramayya et al, 1979). For the year 1983-84, the

Tand use was the f0110w1ng : (1) forest 1land,. 25.3 percent; (2) cropland

(rice, jowar,'sugar.cane, etc.}, 42.6 percent, (3) plantations (banana.

cashew, etc.), 1.6 percent; (2) barren land, including non agricu1tur31 1ands,
21.7T percent, and (5) fallow land, 8 B percent (CBI&P, 1986).

o Tne distribution of Tand_ cover over Vthe Sarada river baein was

determined from sateiTite imagery by the(Y.R.S.RAO, 1992). The Upper reaches

are hilly and covered with dense forests. The middle reaches and flood

p1a1ns are covered with cropland Fallow land ,rcck outcroppings are

scattered throughout the bas1n " The Raiwada and Konam reservoirs 1ocated in

the upper reaches exercise some control over the basin’s runoff.




4.0 MODEL APPLICATION

-Rainfal]—runoff records for the 1981-86 period‘ié used to apply the
conceptua1-‘water  balance modei. .Dai1y u\l"z':n'.nf"aﬂl data at Anakapalli,
Chodavaram,'Kbthakota. Madugula, and Paderu stations {Fig. 3)‘ were used ‘to
calculate annual precibjtation:af eacﬁ station (Table 1)}, from whidh the
sbatiaTTy—avaraéed annual precipitation (P) was calculated using ‘the Thiessen
poiygon . method. The variétion of rainfall isrlfound to be -very, much
significént fn the studf area. TﬁeVMean anﬁua] rainfall during the st@dy
pericd is found to be betwéeﬁ‘17 cm and 121.1 cm {Table 2). Dail& discharge
data at Anakapalli station were used to calculate the annual runoff (R) in -
cm. YearTy runoff has been calcu]ated by integrat1ng the - da1ly hydrograph
over a year. The daily hydrograph is drawn for the year 1986 at Anakapalli
gauging stat1on is shown 1in F1g 4. Annual runoff was separated into surface
runoff (S) ~and basef!ow (U} using an appropr1ate baseflow separation
) procedure The baseflow separatxon 1ine has been drawn. .as shown in Fig.4.
Equation 2 was used to caTcuiate catchment Hettlng (W), and Eq 4. was used to

calcu1ate vapor1zat1on {V).. These values are shown in Table 2.
4.1 Model Parameters

Thé caTibratioh procédure sought to minimize the root mean sduare (RMS)
of the difference between calculated and measured values of .surface rﬁnoff-
(Eq.10).and basef]ow {Eq.11). For ;his purpose, k;i'was ;vgried at 0.Q1
intervals in the range DS—KS$71 and wb was varied at 1 cm intervals in the
range 0 = w = 1200cm. The  selected surface-runoff submodel parameters
(l w } were those correspond1ng to the m1n1mum root nean squaré' of ihe
dlfferences between ca]culated {Eq.10) and meaaured surface runoff (Table 2).
likewise, = was varied at 0.01% jntervals in the range 1, and pras varled at

"1 cm intervals in the range ¢ = Vpé 1200cm. The selected baseflow submodel :

parameters (lu,vl)'were those corresponding to the minimum root mean square .
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Table 1. Sarada River Basin: Anﬁual precipitaiion at gaging stations.

" Year Aﬁakapa}]i :Chodavafam Kééhakéta ~ Madugula Paderu
fhiéssen‘
weighting . o . <
factor 9.049 | .0.288 0.198 0.375  0.090
‘1‘981' . T0.2 |  T9.3 | 82T ' 104.9 -111;6 
1982 o 9.6 . 100.9 83.5 106.9 - 124.3
"1A983_‘ | _ | 132.8 | 126.4 ~ 100.0 128.2 ‘;'158..8-
1084 794 71,# zlss.o" 85.5 . 105.0
e85 - 989 . 900 ~f6.1  98.5 ’ '97..3
g 19"86‘1 - 130.5 R . T18.0 | .‘ 134.7  136.5

o Y
A1} units are_in cm yr.




Table 2. Safada River Basin: Qbsarved:&atér batance data set.

Year  Precipitation Surface Wetting Baseflow Vaporization Runoff

. Runoff - E
1981 92.6- 8 | §5.§  -276. e . a7
1982 101.6 ]  96 92.0 4.5 8150 - 4.1
108 . _112551‘ o 26.6 'ga,s _'_11.1f -, CsTas - 7.7
1984 j o 5.0 | rajb | '.2.1. 69.9 7.
fos '51.5 . s 86.2 1.6 | 8.6 6.9
1086 123;5.. - 15:9_10;.6- 8.2 RET7SNP

A1l units are in cm yro




of the differences between ceIcuTated (Eq.11) and measured basef1ou (Table .
2). The high upper limit on W end V (1 200 cm} was necessary to guarantee
atta1nment of the stated obJect1ve (m1n1mum RHS) The computer programme has
been develeped to attain m1n1mum RMS value te .find the correspcnd1ng (k , W )

. and (A v ) ve1ues The programme and its results ere given in Annexure I.

4.2 Methodology
The methodology is as f0110ws:

1. Use the roet mean square minimization procedure to calculate »g and wp.
:2: Use the root mean squere m1n1mizet1on procedure’ to calculate Au and V
3;4Use Eq 10 to ca1cu1ate a set ef surface runocff values cerrespond1ng to
'lerec1p1tet1on values 1n the range i P= 200cm. at . 1-cm 1ntervals
4. Use Eq 11 to calculate a set of basef1cw values cerrespond1ng to  wetting
. "HlvaTues in the range 1 = w { 200 cm, -at 1-cm 1nterva]s. '
' 5;;Use Eq.1 and the S-P data ce1cu1ated in step 3 to determ1ne a set of
"jlcorrespond1ng wetting. (W) va]ues. :
6.'Use Eq.11 w1th ‘the wett1ng values caTculeted 1n step 5 to determine a set_
of correspond1ng basef low (U) values.
7. Use 'EQ.3 to calculate a set of ccrrespend1ng runoff R ve1ues, based on § .‘
values (step 3) and U va1ues (step 6).
8. Use Eq. 6 to calculate a set of runoff coefficients K ’ based - on
‘cerrespend1ng runoff (step 7) and prec1p1tat1en (step 3) ve1ues.
9._Use Eq.8 to ce1cu1ate a set of ‘baseflow coefficients K , based on
correspond1ng baseflcw (step 6) and wetting (step 5) values.
_10:Use Eq.7 to calculate a set of runoff ge1ns ‘Kr’ _based on the runoff
coefficients vs precipitation're1ation deve]eped in step 8.
l11. Use Eq.9 to calcu?ate a set of baseflew ga1ns K ’ besed on the baseflow
coeff1c1ents vs precipitation reIat1on deve]oped in step 9. | |
The ce11brated eode] peremeters are ls = 0.36 and Hp- '171 ce, wWith

RMS . = 2.205 cmi). = 0.3¢ and V_ = 170 cm, with RMS . = 1.896 cm. The
min u ‘ p min




- fitted P-S and W-U relations are shown in Fig.5. The runoff and baseflow
coefficient functions are shown in Fig.6. The runoff and baseflow. gain

 functions are shown in Fig.7.

The mean annuatl prec1p1tat1on for the study per1od (1981- 86) is P = 102
cm. From Fig. 7 the runoff thresho1d precipitation is P = 94 cm; the “peak
runoff gain is K; = 0.005 cm ; the basef?ou threshold precip1tat1on is
Put = 92 cm; and the peak baseflow -gain is K;p = 0.0018 cm . Thus, the
ratio Prtlpa‘: 0.92,‘and the ratio Put/Pa' = 0.90.

: Tab]e 3 shows a comparison of the Sarade bas1n 6&11brat10n with tﬁose
obtained earlier by, Ponce and Shetty: (1995) for a semiarid and a subhumid
basin in Africa. It is seen that the . Sarada basin parameters dap1ct a.‘
‘predomfnantIy sem1ar1d reg1on although somewhat affected by its subhumid
‘portionf .Thus, the study results confim that the conceptual ‘water balance
model cah’chafaqferi;e fhe runoff and baseflow r§91mes in a wide ,fﬁnse of |

geographical regibns;
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Table 3. Comparison of model paraﬁetqrs of Sarada river bas¢n with other .

semiarid and subhumid basins.

Bas'ln(chmatl'.e) ,P‘a BN ‘Hp Prt Prt'/Pa | Krp

(em . () (em) @ h

Sarada (India)
(semiarid/ o o ‘ e .
subhumid) - 102 0.39 170 ~ 92.0 . 0.90 0.00180.

Africa . R o SR
(semiartd) . 75 . 0.37 140 B2.5 1.10 -0.00186

Africa _ ‘ : _ R ‘
(subhumid) 5 © 0.35 90  571.5 0,77  0.00142

1 ' g : i
-values for African basins were obtained from Ponce and Shetty (1995).




5.0 CONCLUSIONS

Thg‘conceptual‘gater balance model hés been applied to 1:980 km2 of .
the. Sarada river hasin,"in Andhra . Pradesh, India. The water ' balance
‘ components have boan est1mated for the. period of six yaars(1981 86).
ba;in\has bothrsubhqmid and semiarid conditions, .and a mix of land " use
.rahging from forést;'agr1cu1turai; plantation, fé110w, and_barrenﬁ]and. The
catiﬁrated‘mode]fparameteps‘qre Ay = 0,365 Hp-171 om;x. = 0.39; and vpr;'1707“
*-The'peak runoff gain is. K’p 104 005 cm ; the. peak basef1ou gain is. K'p

. =0.0018:cm " . The ratio P t/Pa = 0.92; the ratio P /P, = 0.90. ;. These

'»'va1uas are comparable to those obtained prev1ous]y for sem1arid and subhumid .
: climatic cond1t1ons in Africa. This confirms the app1icab111ty ‘of the

conceptuaI uater ba]ance mode1 to a wide range of geographica] regions
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ANNEXUQE I

C=m=== THIS PROGRAM COMPUTES RMS VALUES FOR FITTING RETENTION CURVE NUMBERS
C====- DEVELOPED FEBRUARY 8, 1995
- PARAMETER (NX=100,NZ=1000,NV=6)
DOUBLE PRECISION‘Z(NZ),X(NV),Y(NV)
DOUBLE- PRECISION YC (NZ,NV) ,RMS (N2)

" DOUBLE PRECISION XNUM,XDEN :
CHARACTER*60 ID < : o
OPEN (5,FILE=' SYS96.DAT’, STATUS=' UNKNOWN' )
OPEN (7,FILE=' SYS96.0UT’ , STATUS=' UNKNOWN')
READ (5, *) ID,N ‘

DO 10 J=1,N
. READ (5, *) LDUMMY, x(J) Y(J)
10 ENDDO
RMSMIN= 1000000
DO 40 K= 1,NX
© XLAMBDA= K*0 .01
( RMSMINJ= 1000000.
' DO 30 J=-1,Nz
SUM= 0.

., Z(J)= FLOAT (J)

DO 20 L= 1,N :
XNUM= (X (L)} - XLAMBDA*Z (J))**2

XDEN= X(L) + (1. = 2.*XLAMBDA) *Z (J)
IF (XNUM.LE.0.OR. XDEN.LE.0.) THEN
YC(J,L)= 0. : ‘
ELSE
. YC(J,L)= XNUM/XDEN

ENDIF

DIFFSQ= (YC(J,L) - Y(L)})**2
SUM= -SUM -+ DIFFSQ
20 ENDDO ‘
RMS (J)= SQRT (SUM/N)
IF (RMS (J) .LT.RMSMINJ) , THEN
RMSMINJ= RMS (J) ‘
ZOUTJ= FLOAT (J)
XLAMBDAOUTJ= XLAMBDA
ENDIF
'IF (RMS(J) .LT.RMSMIN). THEN
" RMSMIN= RMS(J)
ZOUT= FLOAT (J)
" XLAMBDAQUT= XLAMBDA
ENDIF . '
30 ENDDO : o
WRITE(6; '(1x F10.2,I10,F10.3,F10.2, 110 F10. 3)') XLAMBDA,
1INT (ZOUTJ) , RMSMINJ, XLAMBDAOUT INT(ZOUT) RMSMIN
- WRITE({7,' (1}{ F10.2,110,F10.3,F10.2,I10, F10 3)) XLAMBDA,
1INT (ZOUTJ) , RMSMINJ, XLAMBDAOUT INT(ZOUT) RMSMIN

40 ENDDO
WRITE (6,7 (1X;A) "} ' TEST: t,ID
WRITE (6, (1X,A,F8.2)") ‘LAMBDA= © 7, XLAMBDAQUT
WRITE (6, (1X,A,I1I5,A)') 'Z POTENTIAL= ', INT (zOUT), " CM'
WRITE (6,’ (1X,R,FB.3)’) ‘RMSMIN= ., RMSMIN
WRITE (7,' (1X,A)") PTEST: ",ID.
WRITE (7, (1X,A,F8.2)7) ‘LAMBDA= B * , XLAMBDAOQUT
WRITE (7, (1X,A,I5,A)") ’'2 POTENTIAL= . r,INT(Z0UT),’ CM’

r

WRITE (7,' (1X,A,F8.3)’) ’RMSMIN="

, RMSMIN
END A

/7




' SARADA P-S FIT’ 6
01 92.0 6.1

02 101.6 9.6 .

03 125.1 26.%6

04 77.0 5.0 -

05 91.5 5.3,

06 123.5 19.9
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