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ABSTRACT 

An attempt to estimate recharge with a simple soil water balance at 7 locations in the dry-
zone of Sri Lanka shows that with the presently available hydrological data, the estimates 
are likely to be wide ranges rather than single values, with limited use. The reasons be­
hind these short comings in die application of the soil water budgeting method in the dry 
zone are discussed and measures ore identified if a soil water budgeting method is to yield 
more meaningful estimates of recharge. 

Abbreviations :The meanings of symbols and abbreviations used in this paper are as given 
in Appendix I. 

Introduction 

A simple soil water budgeting model to estimate recharge is described by de Silva (xxxx). The 
application of the model to estimate recharge at different locations in the dry zone are described 
in this paper. Also the results obtained are analysed and discussed in order lo arrive at suitable 
conclusions. 

Determination of suitable values for model parameters for the dry zone 

To estimate recharge with the soil water budget model formulated, data and values for model 
parameters are required. The data required are rain, potential evapotranspiration and available 
water capacity of soil in the root zone and the model parameters required are interception 
storage capacity, runoff threshold, runoff coefficient, preferential flow threshold, preferential 
flow coefficient and root constant. Rainfall and potential evapotranspiration data are usually 
available and available water capacity data can be experimentally determined (Table 1) if they 
are not available. However, model parameters need to be determined for each site from hydro-
geological information of the area. 

One way of determining the values for model parameters is by calibrating the soil water budget 
with soil moisture data, stream flow data or water table data (if the water tabic is shallow and 
actual recharge is similar to potential recharge). However, for the model parameters to be real­
istic these calibration data must cover at least a wet, dry an average year (with respect to 
rainfall). Since such data are not available for the present study, a different approach is to test 
the sensitivity of each model parameter, identify the important parameters and attempt to deter­
mine these important parameters only. However, for the sensitivity analysis approximate values 
for model parameters are still required. 
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Tabic I 
Dctuils of climate, vegetation, plant type and soil and experimentally obtuincd 

soil parameters required for the Soil Water Budget 

i iirmii'n 

Embilipitiya 

Middeniyu 

Buweliara 

Angunakola-
pcllcssa 
Maha lllnp-
pallama 
Anamaduwa 

Kalpitiya 

Number of 
sampling 

points 

8 

16 

12 

12 

g 

1 

7 

Mean An­
nual Rain' 

(mm/yl 

1397 

1484 

1041 

1041 

1305 

1117 

955 

Main An­
nual Pan 
Evapora­

tion' (mm/y) 

1729= 

I7292 

1868 

1868 

1579 

1958' 

1958' 

Vegetation 

Shrub jungle 

Mango and Teak 
Plantation 
Shrub jungle 

Shrub jungle 

Jungle 

Jungle 

Sparse Jungle 

-

Major 
Plant 
type 

Maana (Grass 
about 30 cm tall) 
Eluk (Grass 
about 30 cm tall) 

-

Eraminiya (Bush 
about 1.5 in tall) 

-

• 

Bolpana (Tree 
about 3m tall) 

Top 
soil 

Loamy 
Sand 
Sandy 
Loam 
Sandy 
clay Loam 
Sandy 
Clay Loam 
Loamy 
Sund 
Sandy 
loam 

Sand 

Field 
rapacity 

(%) 

21.40 
21.48 

26.00 

19.80 

20.86 

18.12 

I4.0&' 

Permanent 
wilting 

point (%> 

15.71 
13.27 

15.56 

11.92 

10.99 

9.66 

4.00' 

Depth of 
root zone 

<m) 

0.69 
1.09 

0.84 

0.94 

1.17 

1.52 

1.55 

16 year mean value except for Angunakolapellessa and Buweliara where the mean values arc 17 year ones. 
: Pan evaporation values are from the climate station at Sevanagala. 
5 Since no rainfall or pan evaporation data arc available for Buwcliara, data from the nearest climatic station (Angunakolapellcssa) is used for 

Buweliara. 
'Pan evaporation value are from climate station at Vanathavillu. 
'Field capacity and permanent wilting point values are assumed as 14% and 4% by volume respectively for Kalpitiya as no experimental data are 

available (Booker tropical soil manual. 1984). Also the depth of root zone is considered as 1.5 m. 
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The last 6 cols, of Table 2 show the likely values for model parameters (and also how ihcy were 
arrived at using Figs. 1,2 (a), (b). (c). (d), (e). (0 and also using information given in first 7 cols, 
of Table 2) for each site in the dry zone of Sri Lanka. 

lip. 1 Percentage rainfall intercepted by different values of interception storage capacity for the different tiles in 
Sri Lanka (using interception model in equation 9 in de Silva (xxxx); arrows show the determination 

of interception storage capacity values for Embilipiliys) 

Sensitivity Of Model Parameters 

In determining the sensitivity of model parameters, two possible problems need to be addressed. 
They are: 

(a). The sensitivity of recharge to a particular parameter varying for a different combination set 
of other model parameters (i.e., the sensitivity of recharge for a particular model parameter is 
obtained by keeping the other parameters constant and varying the particular parameter within 
its possible range). However, the sensitivity obtained this way may be different for a different 
set of other parameters combination). Fig. 3 shows the sensitivity of recharge to interception 
storage capacity at the site Angunakolapellcssa for three model parameter combinations. 

Fig. 3 Sensitivity of recharge to interception storage capacity at Angunakolapellessa for different model parameter 
combinations 

(In Fig. 3. AWC=I0I mm which is the average AWC for site AKP. Lines with •. • and • as markers has model parameter 
combination as (0.5. 20.0.IS. 5 and 0.15). (0.65. 12.5.0.32. 12.5 and 0.05) and (0.8. 5.0.5. 15 and 0.01) for (RC. ROt. 
ROc.PFtandPFc)] 
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0.15 0.2 0.25 
Runoff coefficient 

0.3 0.33 0.4 

_fl»L 

0.3 0J5 0.4 

Fig. 2(a). (bl and (c) Different percenlages of annual niroiff for different runoff thresholds and 
coefficient-, for site* Embilipitiya (EMB). Middcniya (MID) and Kalpiliya (KAL). Runoff a< calculated 

from equation 10 in dc Silva (xxxx) 

a 



dr Silva 

40%-r 

| 3 5 H -

|30% 

^25% 

/ 2 0 S 

• l5% 

| l O * 

t 5% 

O K -

0.05 

-ROr-lmm/d 
•ROt-5mjn/d 
•ROr-IOram/d 
R0fl5mm/d 

• RCX-20 mm/d 

AJCP 

0.1 —m*ISM-"5 0.3 0.35 0.4 

J*L 

0.05 0.1 0.15. 02 0.25 0.3 0.35 0.4 

SfL 

(0 
Fig- 2(d). (e) and (fl Differcm * of annual runoff for different runoff thresholds and 

coefficient! for site* at Angunakolapelkrvia (AKP). Anamaduwa (AMD) and Maha IHuppMlama (Ml). 
Runoff at calculated from equation 10 in de .Silva (xxxx) 
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Cot 1 

Sttt 

FMD 

MID 

BWA 

AKP 

Ml 

AMD 

KAL 

Col 2 
- . cliiK 

Kji> wiib 

• • W I I > I 

ffat/d' 

45% 

45% 

ms 

30% 

30% 

70% 

30% 

l o t 3 

son 

•-.•J,J> 

1 (>jm 

Sandy 

I own 

Sandy 

clay 

loam 

Sandy 

C'Uy 

loam 

Loan 

y 
Sand 

Sandy 

loam 

Sand 

C o L 4 

V»f<Ulloa 

Stiruh Jung le 

Mango. Teak 

and g n u 

Dense Shrub 
jungle 

DenicShmb 
Funglr 

jungle 

Jungle 

Spanc J untie 

T.ble 2 L i k e * model Dnramcters for different sites in Sri U n k s 

CoL i 
Topography 

FlM 

P I * 
undulating 

Fbu-

undulMmg 

PS 
undulating 

Kin 

Flal-
undulaling. 

rm 

C o l 6 

Ulurty 
Inlfrccptlon 

l% of rata)3 

10% - 15% 

10% - I 5 S 

l5%-20% 

I5%20% 

l5%-20% 

I5%20% 

10%. 15% 

Col. 7 

Ukrly 

Ramon (% 

of rata) 

15%-25% 

15%-30% 

15V.10% 

I5%-J0% 

15%-25% 

2 0 V 30% 

0% 

Col * 

l.iiLcIv PTef-
Ho» (V . of 

rata) 

l%- 10% 

1%- IOS 

I%-I0% 

l % - 10% 

l % - 1 0 % 

! % • 10% 

I%-I0% 

Col . 9 

lac 

(ma»'d) 

1.2 - 2J 

12-20 

12-20 

I J - M 

15-2.5 

3.0 • 4.0 

OS-1.1 

Col. 10 

ROt* 
(aui/d) 

5-20 

5-20 

5-20 

5-20 

5-20 

5-20 

5-20 

Col II 

ROe7 

0.15-
0.35 
jQ.U-04 

0 15-0.5 

0 15-0 5 

0 15-04 

0.2 - 0.3 

0.0 

CM 13 

n,1 

(aaVd) 

5- 15 

5-15 

5-15 

5- 15 

5- IS 

5 15 

5-15 

Col 13 

f » e ' 

l%- 15% 

l%- 15% 

l%- 15% 

l%- 15% 

l%- 15% 

I%-|5% 

I%-I5% 

Col 14 

Critical 

(%AWCI 

so%-to% 

50% 10% 

5 0 % - S 0 % 

50%-B0% 

5 0 % - S 0 % 

5 0 % - S 0 % 

5 0 % - S O % 

l-ium Fig '> in dc Silvj txxxx) (amount of rain i» not .in indication of intensity. Ixii since most -.tonus in the dry zone are short duration, Ifloe figures icrvc as a rough 
guide I" dedde (HI dK % runoff likely m Col. 7 in ilus fable Amouni of rain ol 8 mm/d u used as an arbitrary indicator) 
Considering information iii this Tabic. Table I of dC Silvu ixxxx) and information on inlcrccption in dc Sika (xxxx) & this papet 
Considering information in this Tabic and information on runoff in dc Silva (.xxxx I & this paper and that stream Hows are generally ?".S'* of annual rain in Uic dry 'our 
Considering information in this Table and information on preferential flo* in de Silva (xxxx) & litis paper 
Considering information in this Table and Hip. I. 
Considering information in this Table and Fig. 2 (a), (b). (c). (<l). (e) and <0 
Considering information in tins Table and Fig 2 la), lb., (i I. id>. (el and |fl. since the mudcl used is basically same for both runoff and preferential flow 
From Table 3 in dc .Silva (xxxxI 
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From Fig. 3 it is evident that for the 3 model parameter combinations considered (choscti 
to give a high, average and low value of recharge) the sensitivity of recharge is the same 
whatever the model parameter combination. Though not presented, a similar result was 
obtained for other model parameters at Angunakolapellessa and for all other parameters at 
all other sites as well. Therefore, it is concluded that to obtain the sensitivity of a particu­
lar model parameter, it is sufficient to consider only a single combination of other param­
eters. Hence, in this study only the parameter combination yielding an average recharge 
value for each site is considered to obtain the sensitivity of a particular parameter to 
recharge. 

(b) The sensitivity of recharge to a particular model parameter varying for different values of 
available water capacity. This will not be important if the available water capacity for the site 
docs not vary much, but if they do. this factor also needs consideration. 

Fig. 4 shows the sensitivity of recharge to different available water capacity values of 75 mm, 
101 mm and 175 mm (being the minimum, average and maximum value of available water 
capacity respectively) at Angunakolapellessa. Fig. 4 suggests that the sensitivity of recharge to 
a model parameter is similar for the different values of available water capacity. Though not 
presented here, a similar results is obtained for other model parameters at Angunakolapellessa 

120 
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1.20 1.X 1.40 1.50 140 1.70 1.00 190 2.00 

DMMOjMn M N P apart* ( M M ) 

and for all other parameters al other sites as well. 

Fig. 4 Sensitivity of recharge to different value* of available water capacity at Angunakolopellcua 

[In Fig. 4. model parameter combination is 0.65.12J. 0J2. 12-5 and 0.05 respectively for R C . ROt ROc. PFt and PFc| 

Therefore, to obtain the sensitivity of recharge IO a model parameter a( a site, only one param­
eter combination is considered using the average available water capaeity value for the site, in 
the present study. 

Fig. 5 (a), (b) and (c) show the sensitivity of recharge to model parameters for Angunakolapcllcssa, 
Embilipitiya and Maha Illuppallama respectively. Table 3 shows a summary of the sensitivity 
analysis for each site (i.e., the % change in recharge by changing a particular parameter by ± 
10%). 

From Figs. 5 (a), (b) and (c) and Table 3, it is evident that the runoff coefficient (ROc) is the 
most sensitive parameter affecting recharge at all the sites except al Kalpitiya (because runoff 
was considered to be negligible at Kalpiiiya). The least sensitive parameter is the preferential 
flow threshold (PFt) at all the sites. The other parameters are sensitive in some sites but not in 
the other sites (as seen from Table 3). 

a 



Estimating Rnmndwatcr rrduirjic - Sri Lanka 

Table 3 
The sensitivity of recharge to different model parameters at different sites 

Site Interception Root Runoff Runoff Pref.l flow Pre/'flow 
storage capa- constant threshold coefficient threshold coefficient 
city Iscimm/d) RC ROt < mm/d I ROc Pht {mm/d) PFc 

Embilipinya 

\ . „ ; • ! ! . > • • • ' . - , 1 u . - .- . 

BiiA'clian 
Mkldeniya 
Maha Illuppallama' 
Anamaduwa 
Kalpitiya 

2.3* 
2.9% 
3.1* 
3.8* 

5.2* 
2.4<X 

2 . 0 * 

1.3* 

2 . 3 * 

4 . 4 * 

3 . 5 * 

1.3* 

0 . 7 * 

20% 

1.3* 

1.9* 

2 . 0 * 

4.4% 

3 . 1 * 

0 . 5 * 

0 . 0 * 

7 3 * 
1 1 5 * 

11.0% 

13.0% 

11 .8* 

5 . 8 * 

0 . 0 * 

0 . 2 * 

1 ft* 

1.7* 

0 . 9 * 

0 . 7 * 

0 . 9 * 

0.7% 

0.7% 

3.9% 

3.9% 

2 . 9 * 

1.5* 

4 . 4 * 

1.8* 

[Note: The sensitivity valiici iiluun aie ihc change ui IWfcaqp '%) obtained by changing the canii.ul.ir model pitnunetcr 
by i 10.0* (e.g.. sir Kmbilipitiya. a t 10 0* change in Isc result! in a change of iccturgc of 2J"*)|. 

Considering the model parameter* thai cause a change in recharge value by more than 2 * 
(in Table 3) when the parameters themselves are changed by x 10* as sensitive, model 
parameter ranges in Table 2 can be narrowed down to those shown in Table 4. [e.g.. since 
the sensitivity of recharge to runoff threshold (in Table 3) is less than 2 * at 
Angunakolapellcssn, it is not necessary to consider the range from 5.0 mm/d - 20.0 mm/d 
for runoff threshold in Tabic 2, but is sufficient to consider only the mid point 112.5 mm/ 
d)as in Table 4|. 

Table 4 
Values for model parameters obtained from sensitivity analysis for 

different sites in Sri Lanka 

Site 

Embilipiliya 

Angunakolnpellessa 

Buweliara 

Middeniya 

Maha Illuppallama 

Anamaduwa 

Kalpitiya 

Isc 
{mm/d) 

1.2-

1.2 

12-
1.2-

1-5 
3.0-

0.8 

2 J 
2.0 

2.0 
•2.0 
•2.5 

4.0 

1.8 

ROt 
imm/d) 

12.5 

12.5 

5-20 
5-20 
5-20 

12.5 
5-20 

ROc 

0.15-

0.15 
0.15 

0.15 
0.15 

0.20-

0.35 
0 50 

0.50 
-0.4 
-0.2 
0.30 

0 

PVt 
(mm/d) 

10 

10 
10 

10 
10 
Hi 
10 

PFc 

7 . 5 * 

1 * - 1 5 * 

1 * - 1 5 * 

I * - 1 S * 
7.5* 

1* - 15% 
7.5* 

RC 

0.65 
0.5 - 0.8 
05-t .S 

j.5 - 0.8 
0.65 
0.65 
0.65 

Therefore, it is concluded that from the sensitivity analysis, the model parameter ranges 
required to consider are as shown in Table 4 for all the sites in the dry zone for the present 
study. 
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Fig. 5 (a) Sensitivity of potential recharge U> model parameters at Angunakolapellc.vsa 

| In Fig 5 (a). AWC= 101 mm which is the average AWC for site AKP The model parameter combination is 0.65.1.6. 
12.5.0J2. 115 and 0.05 for RC. Isc. ROt. ROc. PFt und PFc respectively unless the particul ar parameter is varied over 

the ranges shown). 
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Fig. 5 (b) Sensitivity of potential recharge (o model parameters at Embilipitiya 
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Fig. 5 (c( Sensitivity of potential recharge lo model parameters at Maha IllunpalUnu 

(In Fig. S (c). A W O I 7 3 mm which is the average A W C rot site M L The model parameter combination 1*0.65, 2. 12.5. 
0.28.12.5 and 0 05 fix R C . Isc. ROt. ROc. P H and PHc respectively unless the particular parameter is varied ore. the 

ranges shown] 
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Estimates of recharge with the limited data available 

With the model parameter combinations in Table 4, the range of estimate of recharge at each 
site in the dry zone of Sri Lanka is shown in Table 5. 

Table 5 
Range of recharge values possible from the soil water budget with 
combinations of model parameters in Table 4 for sites in Sri Lanka 

Site 

Ernbilipitiya 
Ahgunakolapellessa 
Anamaduwa 
Buweliara 
Maha Illuppallama 
Middeniya 
Kalpitiya' 

Minimum 
Recharge (mm/y) 

80 
7 

46 
7 

16 
12 
94 

Maximum 
Recharge (mm/y) 

391 
244 
237 
235 
340 
348 
195 

(Note: Soil water budgets with an accounting period of one day were carried out for durations of 6. 5. 5. 5. 10. 7 and 6 
yean for Embilipitiya. Anguiukolapellcssa. Anamaduwa. Buweliara. Kalpiiiya. Maha liloppallama and 
Middeniyu respectively in Table 5) 

I Held capacily and permanent wilting point values are asMimed as 14% and 4 * by volume respectively for Kalpitiya 
as no experimental data are available (Booker tropical soil manual. 1984). Also the depth of root zone is considered 
as 1.5 m. 

From Table 5. it is evident that the range of recharge values for a site, obtainable with the data 
available with the soil water budgeting method is rather wide and hence will be of little practi­
cal use. This result however, demonstrates the importance of estimating the model parameters 
accurately as even the narrow ranges of model parameters used in the soil water budget model 
(Table 5). result in a rather wide ranges of estimates for recharge. Therefore, it is concluded that 
for the use of a soil water budgeting model to estimate recharge in the dry zone of Sri Lanka, it 
is necessary to be able to use accurate model parameters. These results also suggest that more 
research work on runoff, preferential (low and interception is needed in order to obtain mean­
ingful results from a soil water budget. 

Concluding discussion 

The two papers describe an attempt to develop a simple, yet sufficiently detailed soil water 
budgeting model to estimaie recharge in the dry zone of Sri Lanka and also the application of 
the model to 62 sampling points at 7 locations in the dry zone to estimate recharge. 

From this study, the conclusions that can be arrived at are as follows. 

1. To obtain the sensitivity of a particular model parameter in the SWB model, it is sufficient 
to consider only a single combination of other parameters. 

2. Even if the AWC at a location varies, it is sufficient to consider the sensitivity of one model 
parameter combination using the average available water capacity value for the location. 

3. Interception of rainfall by vegetation, surface runoff of rainwater to streams, and prefer­
ential flow appear to be the important components of the hydrological balance of the dry 

»3 
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zone (apart from the usual components of rainfall and actual cvapotranspiration). How­
ever, with the simple model formulated in this study and for the ranges of model param­
eters considered mast suilahle for each site, runoff coefficient above a threshold appear to 
be the model parameter to which estimated recharge is most sensitive. Therefore, accurate 
estimation of runoff is necessary if the SWB model is to yield realistic estimates of re­
charge. Also interception is more sensitive than preferential flow. 

4. With uncertainties in the components of runoff, interception and preferential flow, the 
estimates of recharge obtainable with the present model are far from useful as a wide 
range of recharge (e.g. for Embilipitiya the recharge range is from 80 mm/y to 391 mm/y) 
is obtained than a more narrow, useful range. By using a more sophisticated model, these 
ranges will be even wider (as the uncertainties will be even more). Also it will not be 
possible to use a model which is simpler than the present model as the processes of inter­
ception, runoff and preferential flow were shown to be important. 

5. Therefore, if this method is to be used successfully, more research work on the process of 
interception, runoff and preferential flow are needed. Also maintaining records of ground­
water levels, river and stream flow hydrographs at strategic locations is necessary, which 
will enable some of these processes to be estimated realistically enabling useful estimates 
of recharge. 
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Appendix 1 

The meanings of symbols and abbreviations used in this paper are as follows. Where relevant 
the usual units of measurement of parameters are also given. 

As - Change in soil moisture storage (mm/d or mm/y) 
A K P - Angunakolapellcssa 
A M D - Anamaduwa 
AWC - Available water capacity in the root zone (mm) 
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BWA - Buweliara 
EMB - Embilipiiiya 
ETa - Actual evapotranspiration (mm/d or mm/y) 
ETp - Potential evapotranspiration (mm/d or mm/y) 
F - Ratio of ETa/ETp when Soil moisture deficit > Root Constant (see below for 

definition of Root constant) 
I - Interception of rain by vegetation (mm/d) 
Isc - Interception storage capacity (mm/d) 
K A L - Kalpiliya 
M F - Flow through Ihe soil matrix (mm/d) 
MI - Maha Illuppallama 
MID - Middeniya 
PF - Row through preferred pathways (mm/d) 
PFc - Preferential flow coefficient 
PFt - Preferential flow threshold (the amount of rain in a day above which preferen­

tial flow is assumed to occur) (mm/d) 
R - Rain (mm/d or mm/y) 
RC - Root constant (i.e.. S M D at which ETa fall below ETp) 
Re - Groundwater recharge (mm/y) 
RO - Runoff (i.e., overland flow of rain falling on the ground) (mm/d) 
ROc - Runoff coefficient 
ROt - Runoff threshold (the amount of rain in a day above which runoff is assumed to 

occur) (mm/d) 
SMD - Soil moisture deficit (mm) 
SWB model - Soil water budgeting model 
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