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Abstract

The effects of vegetation on the amount of net rainfall and in-
terception losses are analysed on experimental plots in Burkea
savanna. The influence of the interception process in the hydro-
logical cycle is briefly explained. The components of the process
and the variables influencing them are then discussed. It is
shown that rainfall duration play a primary role in the intercep-
tion process. From the available data it is not possible to state
that in general, higher intensity yields higher interception losses.

Introduction and Definitions

In natural vegetation the amount of precipitation reaching the
ground surface is largely dependent on the nature and density of
the plant cover. Vegetation intercepts part of the falling precipi-
tation and temporarily stores it on surfaces from where the water
is either evaporated back into the atmosphere or falls to the
ground (Ward, 1975). The four main components in the inter-
ception process viz. throughfall, drip, stemflow and interception
losses are fully explained by De Villiers (1977).

Only in the case of interception losses is water prevented
from reaching the ground surface and so taking part in the ter-
restrial portion of the hydrological cycle. In this sense, there-
fore, interception loss may be regarded as a primary water loss
(Ward, 1975).

Some authorities (Stewart, 1977) do not consider inter-
ception as a net loss in grasslands, because interception is largely
compensated for by a corresponding reduction in loss of trans-
piration. In contrast, others (Leyton et al., 1967) have indicated
that the rate of evaporation of intercepted rainfall from forests
is between 3 and 10 times higher than the transpiration rate. In-
terception loss is therefore only partly compensated for by the
suppression of transpiration and net interception losses could
very well be up to 90% of the precipitation intercepted (Leyton
et al., 1967).

Large parts of Africa are covered by savanna vegetation for
which hardly any water relations data exists. An interception
study was therefore generated in a Burkea Africana-Ochna
pulchra tree savanna to quantify the components of the inter-
ception process. This was done as part of a larger water relations
study.

Interpretation of Interception

Total interception is the sum of water stored on vegetation at
the end of the storm and evaporation from plant surfaces during

the storm. This relationship can be expressed in an equation of
the form

[=S+RET (1)

where 1 is the interception in mm depth over the projected area
of the canopy, S is water stored on the vegetation in mm depth
over the projected area of the canopy, E is evaporation rate in
mm depth per hour during the storm from the evaporation sur-
face, R is the ratio of the evaporating surface to the projectional
area and T is the duration of the storm in hours (Leonard,
1967). From equation (1) it is evident that the depth of intercep-
tion changes as anyone of the other factors change, thus setting
in motion a chain of interlocking reactions throughout any given
drainage basin. S and R are functions of the amount of foliage
and size of crowns.

From the above it follows that interception has a redistri-
bution function involving the redistribution of precipitation on
the soil surface and within the surface layers of the soil, resulting
in localized areas of considerable excess and deficit (Eschner,
1967). The cumulative effect of such a pattern rﬁay in time
result in different floristic and soil moisture patterns. A fixed
pattern of increasing amounts of rainfall penetration through
the canopy with increasing distance from the stems of individual
trees, effecting the soil bulk density, has also been reported
(Rogerson, 1967). In agricultural crop production the canopy
could be so dense that rainfall penetration is decreased to the
extent that fertilizer breakdown and assimilation is delayed or
prevented and thus also plant development (De Villiers, 1978).

The stemflow component of the rainfall redistribution
process has been determined in interception studies (De Villiers,
1976; 1977; Jackson, 1975) and it represents a concentrated ap-
plication of water to the soil at a point where conditions are
ideal for entry. A zone of increased soil moisture (up to one
metre in diameter) results, thereby causing wetting considerably
deeper than rainfall on open land (Eschner, 1967). It follows
that this zone is of considerable importance to tree growth and
the hydrology of forested areas.

Study Area and Method

The study was conducted near Naboomspruit in the Nylsvley
Nature Reserve. The experimental plots were situated on a san-
dy plateau at 1 100 m, dropping gently towards the Nyl River
floodplain (1 080 m) over most of its extent, although a fairly
steep fall occurs along the northern margin. The sands overlie
sandstones, conglomerates and grits of the Waterberg system.
It is a summer rainfall region where more than 909% of

Water SA Vol. 7. No. 4. October 1981 249



Figure 1
Ochna pulchra experimental plot and control plot

the rainfall is recorded during the period October to March.
The mean annual rainfall of the region is 630 mm, the average
number of rain days 62 and the mean annual temperature
18,3°C. Mean monthly maximum temperatures vary between
25,2°C in June and 34,8°C in January, whilst mean monthly
minimums vary between —3,5°C in June and 11,6°C 'in
January. The mean annual gross evaporation is more than 2 000
mm (U.S.A. class A pan) and the rainfall efficiency is, there-
fore, relatively low (Huntley and Morris, 1978; S.A. Weather
Bureau, 1954). ‘
The vegetation cover consists of seasonal grassland and
deciduous savanna with Eragrostis pallens — Burkea africana
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the main community. Ochna pulchra and Grewza flavescens are
the dominant shrubs (Coetzee et al., 1977).

The measurement of interception losses in a homoge-
neous canopy cover is usually done by placing rain gauges below
the canopy and comparing the catch with gauges outside the
canopy cover. Because of the large variation in throughtall and
drip in a heterogeneous cover, like savanna, this method is not
acceptable and a technique that was used in mixed bushveld
(De Villiers, 1976) was therefore adapted and refined. It com-
prised surfacing the canopy projection on the ground with an
impervious floor. The floor area of the plots was painted with a
light green paint which reflected radiation and thus limited



heating of the plot surfaces. The sloping floor ensured quick
discharge into a calibrated concrete tank with a water level re-
corder fixed on it to record the net rainfall. To compensate for
interception losses from the floor, control plots, identical to the
experimental plots, were set up (Fig. 1). The low density cano-
pies had only a slight shading effect which was considered irrele-
vant. This impervious floor technique has the advantage of
sampling the whole canopy with the minimum observational
bother.

Two of these paired plots were set up, respectively in a
Burkea africana stand and an Ochna pulchra stand. The
Burkea africana plot contained two stems with diameters of 210
mm and 244 mm, and the Ochna pulchra plot 14 stems with
diameters varying between 26 mm and 47 mm.

Gross rainfall was measured with four standard rain
gauges and a recording gauge fitted with weekly charts. The
purpose of the recording gauge was to determine the volume,
duration and intensity of the storms,

No problems were experienced in finding clearings in the
vegetation next to the experimental plots which provided un-
obstructed sky views of 45° around the rain gauge orifices. The
standard rain gauges were read after every storm.

Meteorological data, recorded at a first order weather sta-
tion, approximately 400 m from the interception plots, were also
used.

Stemflow was sampled in a third plot from two Burkea
africana stems by means of spiral gutters leading into plastic
containers (De Villiers, 1977).

Gross Rainfall (Pd), Net Rainfall (Gr), Interception
Losses (I) and Stemflow (Sf)

Only storms with a depth varying between 2 mm and 25 mm
and with a wind speed of less than 6 m/s were analysed. Storms
of less than 2 mm did not fill the storage capacity and was thus
disregarded.

The upper limit was fixed at 25 mm because larger storms
were interrupted by rainless periods of more than 10 min, and
was thus defined as separate storms. The wind speed threshold
value was obtained from a model for the distribution of effective
rainfall on slopes (Sharon et al., 1976) and it ensured that no
rain landed on the floor without penetrating the canopy.

The gross rainfall data obtained from the five rain gauges
showed a high degree of uniformity, indicating that homoge-
neous rainfall occurred over the study area. An analysis of
variance was carried out over the 34 showers selected for analysis
and it indicated that the differences between the four standard
gauges for a given storm were insignificant. For the purpose of
this study the storm rainfall as recorded by the two control plots
was subsequently accepted as the true rainfall input because plot
evaporation losses are taken into account. Gross rainfall, net
rainfall and interception losses per storm for both plots are
shown in Table 1. From the table it is obvious that net rainfall
and interception losses per storm show a small difference be-
tween the two plots with the mean net rainfall for the Burkea
plot only slightly lower than the mean net rainfall for the Ochna
plot. The mean interception loss in the Burkea plot is therefore
slightly higher than in the Ochna plot. These unexpectedly
small differences are probably owing to the different canopy
structures.

The Burkea africana is a single layered, flat crowned tree
with small leaves whilst the Ochna pulchra shrub is a broad
leaved coniform with a relatively large canopy water storage capa-

TABLE 1
GROSS RAINFALL (Pd), NET RAINFALL (Gr) AND INTER-
CEPTION LOSSES () IN mm IN TWO EXPERIMENTAL

PLOTS
Burkea plot Ochna plot
Pd Gr I Pd Gr I
1 10,7 9,0 1,7 11,3 10,1 1,2
2 11,6 9,2 2,4 12,4 11,0 1,4
3 8,6 6.8 1.8 9.1 7,9 1,2
4 5.4 4,4 1,0 5,8 4,6 1,2
5 8,1 7,0 1,1 9,0 7.7 1.3
6 2,9 1,0 1,9 3.4 1,4 2,0
7 13,9 12,2 1,7 15,0 13,4 1,6
8 13,9 i2,4 1,5 14,4 13,0 1,4
9 13,3 11,6 1,7 13,6 11,6 2,0
10 2,7 1,0 1,7 2,9 1,6 1,3
1 7,8 6,0 1,8 8,0 6.8 1,2
12 11,8 9,8 2,0 12,4 10,6 1,8
13 8,8 7.2 1.6 9,1 7,8 1,3
14 11,7 9,8 1,9 12,2 10,6 1,6
15 2,7 1,3 1,4 3.0 1,7 1,3
16 7.8 6,2 1,6 8.3 6,7 1.6
17 7,1 6.0 1,1 7.9 6,9 1,0
18 6,3 4.8 1,5 6,7 5,3 1.4
19 2,8 1,2 1,6 2,8 14 1,4
20 6.3 5,0 1,3 6,7 5,4 1,3
21 2,6 1,2 1,4 3,0 1,6 1,4
22 10,8 9.0 1.8 11,3 9,7 1,6
23 3,4 2,0 1.4 3.5 1,8 1,7
24 13,8 10,6 3.2 14,6 12,3 2.3
25 8,5 6,7 1,8 8.9 7,4 1,5
26 10,8 8,8 2,0 11,2 9,4 1,8
27 3.4 2,2 1,2 3,6 2,6 1,0
28 21,1 18,6 2,5 22,0 20,0 2,0
29 18,4 15,3 3,1 19,7 17,0 2,7
30 13,8 11,2 2,6 14,6 12,5 2,1
31 8,5 6.7 1,8 9.4 7.4 2,0
32 16,1 13,6 2,5 17,2 14,7 2,5
33 5,4 2,7 2,7 6,0 4,6 14
34 7,0 5,5 1.5 7.8 6.6 1,2
T $07,8 246,0 61,8 3268 2731 53,7
A 9,1 7,2 1,8 9,6 8,0 1,6
% 100% 79,9% 20,1% 100% 83,6% 16,4%

city. This is substantiated by Rutherford (1979). finding a much
larger leaf area and biomass in Ochna pulchra than in the same
sie Burkea africana.

Storm size was found to be one of the most important tac-
tors influencing the variation between storms in net rainfall for
a specific plot. A linear regression analysis was calculated for
each plot relating gross rainfall to net rainfall (Figs. 2 and 3) us-
ing the data from the 34 selected storms.

With correlation coefficients of 0,99 for both equations it
is obvious that storm size accounts for most of the variation in
net rainfall.

Gr
Gr

0,92 Pd — 1,16
0,92 Pd — 1,06

Burkea plot
Ochna plot

I

Interception losses are primarily determined by the
storage capacity of the vegetation cover and by meteorological
factors. A relationship was, therefore, sought between intercep-
tion losses, gross rainfall, rainfall duration, temperature and
wind speed. In the initial regression analysis equations were de-
veloped to predict interception losses from all possible linear
combinations of the independent variables mentioned. From
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NET RAINFALL

Gross rainfall and net rainfall in mm per storm, Burkea plot

- 2,87

INTERCEPTION LOSS

Gross rainfall and interception losses in mm per storm, Burkea plot
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Figure 3
Gross rainfall and net rainfall in mm per storm. Ochna plot
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Gross rainfall and interception losses in mm per storm, Ochna plot



this it was apparent that the inclusion of more than two
variables was only justified in the case of interception losses,
gross rainfall and rainfall duration (T) which resulted in addi-
tional improvements.

The gains with temperature and wind speed were insuffi-
cient to justify the computations. The rainfall duration effect is
explained by the large variation in this parameter which varied
between less than 10 min and 155 min. Wind speed variation
was largely excluded by the 6 m/s threshold value whilst tempe-
rature differences between storms did not exceed 5°C. Table 2
depicts the results of the analysis.

Rainfall amount was the only single variable correlated
with interception losses. The regression equations were defined
as

Ib = 0,07 Pd + 1,17 Burkea plot
Io = 0,05 Pd + 1,07 Ochna plot

with correlation coefficients of 0,39 and 0,40 respectively (Figs.
4 and 5).

Rainfall intensity was then considered with rainfall dura-
tion to determine its effects on interception losses. Storms with a
relatively accurate’ relationship between interception losses,
rainfall duration and rainfall intensity are depicted in Table 3.
From the table it is apparent that interception losses increase
with an increase in rainfall intensity.

The explanation by Jackson (1975} that higher rainfall in-
tensity ensures a higher storage of rain in the canopy and thus a
higher evaporation rate of intercepted water, also applies to
some storms in this study. It is however not possible to state that
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Figure 6
Gross rainfall in mm and stemflow in { per storm

in general higher intensity yields higher interception losses.
Stemflow quantity is mainly determined by the structure
of the canopy. Studies by Leonard (1961) and Rutter (1963) in-
dicate that the variation in stemflow quantities between stems of
different bark textures are relatively small, but the mechanism
of the process differs. In the case of smooth barks it is a flow pro-
cess down the stem, whilst a drip process results with rough
barks. A fixed relationship between stemflow quantity and stem
diameter was found by Wicht (1941) which facilitates the calcu-
lation of total stemflow of an experimental plot.
" In this study the selected Burkea stems were seen as a
representative sample of a specific diameter class in a savanna

cover. Stemflow between the sample trees did not differ signifi-
TABLE 2 cantly and average values were therefore used. Stemflow in litres
. . . . I
GROSS RAINFALL, INTERCEPTION LOSSES AND was plotted against gross rainfall and a linear regression was ca
STORM DURATION RELATIONSHIPS culated and defined as
Experi- Obser- Model Correla- Sf = 0,68 Pd — 1,58
mental vations tion
! Coeffi- . . .. .
plot coifeml with a correlation coefficient of 0,95 (Fig. 6). The total stemflow
for the 34 showers was 126 ¢ per stem giving an average of 3,7 {
Burkea 34 Ib = 1,204+0,01 Pd + 0,00 T 0,45 per stem per shower.
Ochna 34 lo =1,10+0,01 Pd + 0,01 T 0,45
TABLE 3
INTERCEPTION LOSSES AND RAINFALL DURATION IN RELATION TO CERTAIN
RAINFALL INTENSITY CATEGORIES
Intensity 0—4 mm/h Intensity 4,5—6,5 mm/h Intensity 7—15 mm/h
No To T Ib No ) ) T 1b No Io T Ib
1 1,4 920 1,6 1 2,3 100 2,6 1 2,5 100 3,1
2 1,8 105 2,0 2 1,6 920 1,9 2 2,7 120 3,2
3 1,4 95 1,7 3 1,8 95 2,0 3 2,0 80 2,5
4 1,7 100 1,9 4 2,1 100 2,8 T 7,2 300 8,8
5 1,6 100 1,8 T 7.8 385 9,3 A 2,4 100 2,9
6 1,2 80 1,5 A 1,9 96 2,3
7 1.3 90 1,7
T 10,4 660 12,2
A 1,4 94 1,7
lo = Interception losses Ochna pulchra
Ib = Interception losses Burkea africana
T = Rainfall duration
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Conclusion

Net rainfall is in fact less than the measured gross rainfall and
interception loss is therefore a factor which necessitates conside-
ration in any water balance study. The integration of the com-
ponents throughfall, drip and stemflow as net rainfall yields re-
liable results and interception studies in shrub vegetation and
agricultural crops could be approached in the same way. Inde-
pendent stemflow measurements are, however, necessary to
determine the contribution of this component to total ner rain-
fall. The rainfall parameters, duration and intensity, influence’
the interception process and should thus be considered in,
modelling. The variation in interception losses and net rainfall

between different plant types in a savanna cover is apparently
relatively small. The possibility of comparing and integrating
the data of different studies thus exists, which could yield l
models with a more practical use in hydrology and ecology.

Acknowledgement

The authors wish to thank the Steering Committee of the Savan- '
na Ecosystem Project, which is administered by the CSIR, for
permission to publish the data, and Dr. Peter Reid for his help.

References

COETZEE, B.J.. VAN DER MEULEN, F., ZWANZIGER, S., :
GONSALVES, P. & WEISSER S.J. (1977) A phytosociological
classification of the Nylslvey Nature Reserve. 4 report of the |
Savanna Ecosystem Project, N.P.E.S. 20 30.

DE VILLIERS, G. DU T. (1976) Reénvalonderskeppingsverlies in 'n *
stand van suuragtige gemengde bosveld. Die Suid-Afrikaanse .
Geografiese Tydskrif 58(1) 76 —85.

DE VILLIERS, G. DU T. (1977) Netto-reénval en onderskeppings- !
verlies in 'n savannebedekking. Die Suid-Afrikaanse Geograaf '
5(6) 465 — 475. '

DE VILLIERS, G. DU T. (1978) Grondreénval en onderskeppings-
verlies by landbougewasse. Gewasproduksie/Crop production 7
153 —157.

ESCHNER, A.R. (1967) Interception and soil moisture distribution.
International Symposium on Forest Hydrology. Proceedings of a
National Science Seminar held at the Pennsylvania State Uni-
versity. New York, Pergamon Press.

HUNTLEY, B.J. and MORRIS, J.W., (1978) Savenna Ecosystem
Project: Phase I summary and Phase II Progress, N.P.E.S. 29
52.

JACKSON, 1J. (1975) Relationships between rainfall parameters and
and interception by tropical forest. Journal of Hydrology 24 (3)
112—-120.

LEONARD, R.E., (1961) Interception of precipitation by northern
hardwoods. U.S. For. Service 59 16.

LEONARD, R.E. (1967) Mathematical theory of interception. Inter-
national Symposium on Forest Hydrology. Proceedings of a Na-
tional Science Seminar held at the Pennsylvania State University,
New York, Pergamon Press.

LEYTON, L., REYNOLDS, E.R.C. and THOMPSON, F.B. (1967)
Rainfall interception in Forest and Moorland. International
Symposium on Forest Hydrology. Proceedings of a national
science seminar held at the Pennsylvanial State University. New
York, Pergamon Press.

ROGERSON, T.L. (1967) Throughfall in pole-sized loblolly Pine as
affected by stand density. International Symposium on Forest
Hydrology. Proceedings of a National Science Seminar held at
the Pennsylvania State University. New York, Pergamon Press.

RUTHERFORD, M.C. (1979) Aboveground biomass subdivisions
in woody species of the savanna ecosystem project study area,
Nylsvley N.P.E.S. 36 20—28.

RUTTER, A.J. (1963) Studies on the water relations of Pinus sylves-
tris in plantation conditions: Journal Ecol. 51 191 -203.

S.A. WEATHER BUREAU (1954) Climate of South Africa. Climate
Statistics, Part 1. Government Printer.

SHARON, D., YISRAELI, A. and LAVEE, H. (1976) A model for
the distribution of the effective rainfall incident on slopes and its
application at the Sdeh Boger experimental watershed. Hebrew
University of Jerusalem, Technical Paper 26 30.

STEWART, ].B. (1977) Evaporation from the wet canopy of a Pine
Forest. Water Resources Research 13 915—921.

: WARD, R.C. (1975) Principles of Hydrology, 2nd Edition, London,

McGraw Hill.
WICHT, C.L. (1941) An Approach to the study of rainfall intercep-
tion by forest canopies. . Afr. For. Ass. 6 55—69.

254 Water SA Vol. 7. No. 4. October 1981



