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ABSTRACT

In hydrology/Water resources, normally rainfall data are available for longer
periods than runoff data. Many attempts have been made to extend these
runoff data by using system approach and conceptual models. The conceptual
approach to simulate runoff at the outlet of a catchment is based on the
physical processes involved in the transformation of rainfall into runoff (river
Sflow). In this paper a conceptual model, (SEAMOD) has been used. This
model has a limited number of parameters to optimize when compared to other
models like the sacramental model. Also it requires less input data. The model
assumes that the storage is divided into three layers, the surface storage,
subsurface storage in the unsaturated zone and subsurface stoppage in the
saturated zone. The results showed that the model under estimated the low
Jlows from the catchment, but when the storage were lumped together, it
underestimated the high flows (peaks). Graphical comparison of the calculated
and observed discharge showed that the model fits the data very well.

INTRODUCTION

In most developing countries the main source of inadequate data system can be
attributed to the shortage of manpower, both professional and subprofessional
and lack of logistic support and basic understanding of the absence of water
resources study from various authorities concerned. For measured data, there
are a lot of uncertainties leading to errors e.g. measurement errors, instrumental
errors etc. If the mechanism governing the evolution of the causative agent is
known then the response can be predicted or calculate within a given degree of
precision.
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It is known that rainfall data, sometimes called leading indicator(!] are available
for longer duration, but the runoff, sometimes called the response usual ly are
available for short duration. For the periods of concurrent data, i.c. periods
when the leading indicator and response are available, a joint study is made to
establish their relationships. Methods employed include the use of system
modell2] and conceptual models.

Ndembera catchment (Fig. 1) data will be used in this paper to study the
relationship between rainfall and runoff by applying conceptual modeling
approach. A period of concurrent data of rainfall, runoff and evaporation were
from 1962 to 1978, though rainfall data were available for a period of 1961 to
1986. Fig. 2 and Fig.3 shows rainfall and runoff respectively of the
catchment.

The Ndembera Catchment

The catchment is located in the southern part of Tanzania as shown in (Fig. 1).
It consists of hilly terrain consisting of precambrian granite and gneiss rocks.
The vegetation in the area is mostly grassland with bands of savannah trees.
The whole basin is about 1200 square kilometres and the catchment outlet is at
by FAOBI and the Ministry of Agriculture. This irrigation field has been
subjected to an annual flooding from the main river of the catchment
(Ndembera river). Subsequently the river changed its course and resulted to a
more or less permanent swamp within the proposed irrigation field.

CONCEPTUAL APPROACH

The conceptual approach to simulate runoff at the outlet of a catchment is based
on modelling the catchment behaviour through recognition of the physical
processes involved in the transformation of rainfall into runoff (stream flow).

Simulation models based on physical and mathematical concepts have been
developed since the beginning of 1960’s. To mention a few: the Stanford
Watershed Model(4] which simulates hourly stream flows/discharges, the
SSARR modells! which simulates hourly stream flows including the effects of
reservoirs and diversions in the watershed, the R009 model [6) and its modified
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version MMOSI71 which simulates daily stream flows, and the USGS model(8]
which can simulate both daily and hourly strcam flows.

Monthly stream flow model were attempted by Riley!?], later by Amisial and
Uzcateguil10]. Progressively Salas and Cardenas(!1] developed a seasonal
monthly simulation model for watershed (SEAMOD).

The complex behaviour of a catchment can also be simulated by abstract
system models formulated mathematically though sometimes it is difficult to
formulate a mathematical model that can describe the various sub physical
processes taking place in the catchment.

The results obtained so far have not yet proved the superiority of any apprcach.
Indeed, both approaches have their merits and limitations. While a simple
model lacks in adequate representation of the complex catchment system, the
problem with an elaborate model lies with its too many parameters, none of
which can be properly evaluated from the limited information available about
the transformation system. With the increased use of weather radar and remote
sensing data, and the accumulating experiences on understanding of the
physical processes ot hydrological systems, more elaborate and physically
sound hydrological model might be applied in practice.

However, at present, simple conceptual models are still dominant models used
in hydrological simulation and forecasting practice. This paper specifically
applies the conceptual approach to water resources management for the
Ndembera catchment in Tanzania. The conceptual model, National Weather
Service Model called Sacramental Model was overviewed, but because of its
input data demand and many parameters to optimise it was disregarded. The
Seasonal Model (SEAMOD) was adopted as it required a limited input data and
has few parameters to optimise. An attempt to modify the model was made and
the results were compared.

The National Weather Service Model (NWS) The NWS is a conceptual
model for soil moisture accounting and flow routing[i2] adopted from a huge
National weather Service River Forecast system (NWSRFS) developed by
NWS Sacramental Soil Moisture, California, River, Forecast Centre, thus called
the sacramental model (SAC-SMA). The conceptual formulation of the model
is shown in Fig. 4.
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The model assumes that:

(a) A catchment consists of two storage, the upper zone and the lower zone.

(b)  The catchment is partitioned (Fig. 5) into interconnected segments each
segment representing a different portion of the catchment having,
relatively uniform properties and where conditions may be characterized
by a unique set of processes

Flow paints

Fig. § A schematic of watershed partitioning of the NWS Model

Table 1 gives the parameter and variables of the model. Some of the
parameters can be optimised automatically by the model and some can be
optimised by trial and error. A maximum of 12 parameters were optimised
automatically when the catchment was considered as a single catchment (no
subdivision). The model could not give good results since the data were
limited. With the available map of scale 1:000 000 it was not possible to
establish a proper river cross section, overland flow length and flow plane areas
which are demanded by the model. The model was disregarded.

Seasonal Model for Watershed (SEAMOD). This is also a conceptual model
to simulate the various hydrological processes occurring in a watershed
(catchment) at a seasonal monthly time scale. The model can be schematised as
shown in Fig. 6.
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Fig. 6 Schematic representation of SERMCD

Where:; X1 = Evaporation coefficient.
X2 = Wet season runoff coefficient
X3 = Dry season runoff coefficient.
X4 = Groundwater flow coefficient.
X5 = Baseflow coefficient.
X6 = Wet season infiltration coefficient.
X7 = Dry season infiltration coefficient.

Model assumption are;

a) The watershed can be divided into a number of subwater sheds (Fig. 7)
which are considered to be homogencous.

£f a watershed inte N

Fig. 7 Example of the division o
subwatersheds.
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(b) The sub watersheds are composed of three storage, the surface storage, the
subsurface storage in the unsaturated zone and the subsurface storage in
the saturated zone (Fig. 8).

bhed: ET = surface
v Storzges considered in a subwatcrs
i _sbot-:c. SH = storage in the unsaturated zone snd 38 =

storage in the aquifer.

(c)  Each storage has input and output which can be known
(d) Different storage of each sub watershed are related to each other by
given hydrological processes (Fig. 9)

The basic processcs considered by the SEAMOD are;

(1) surface runoff

(i1) Infiltration

(iii)  evapoiranspiration
(iv)  base flow and

(v) groundwater flow

Some of the seven (7) parameters as shown in Fig. 6 can be optimised/
calibrated automatically by the model. Other parameters like seasonal
infiltration capacity, threshold soil moisture for evapotran-spiration, soil
saturated capacity and field capacity are determined by experience and
Judgement. Table 2 presents some of the physical properties of the soilli3],

During optimisation one of the five objective function can be selected among
the following;
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Sum of squared errors

Sum of absolute errors

Sum of absolute relative errors
Sum of absolute logs of errors
Min (mix error).

g B B0 &

Objective function number one tends to produce relatively large errors during
dry seasons. Number two tends to work very well both in wet and dry seasons.
Nevertheless, whichever function is used, a graphical output should be
observed and visually compared. Different possibilities of the parameters were
tried, varying the {irst month of simulation either in the dry season or in the hot
season, varying the objective functions as well as the initial sojl storage, the
best combination gave a percentage difference of 49% (Historical minus
computed divided by historical discharges). A graphical results is given by
Fig. 10.

RUNFF  {s/s)

(-] a Coemputed +* Q Obzerved

FIe.1i90 BEAMOD MODEL OUTPUT

Water balance equations were replaced by the conceptual formulation{14] as
given by Fig.11
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Table 2 Representstive Physical Pro

perties of Soils (Taken from Hansen et al., 1980)

Inliltration® Tolal
and Pore  Apparent Field Permanent Dry
Permeability.  Space  Specilic Caopacity ~ Wilting Weight Volume em/m
Soll (cm/hr) (%) Gravity (%) (%) (%) % 4= Sz AD
Texture I N A, F& PW p,=FC—-PW P =PA - 100
Sendy - 5 38 1,65 8 4 5 B 8
. (2.5-23 (32.42)  {1.55-1.80! (612! (2-6) (4-8) 16-10) {(7-10}
Sandy 2.5 43 LY " 6 8 12 12
loam (1.3-7.6) (40-47)  (1.40-1.60)  (10-18) {4-8) (6-10) (9-15) {3-15)
Loom 1.3 47 1.40 2 10 12 17 17
(0.8-2.0) (43-49)  (1.35-1.50 (18-26) - (8-12) (10-14) {14-20) (14-19)
Clay 0.8 19 1.35 Y 13 " 19 19
loam (0.25-1.5) (7-51)  (1.30-140)  (3-3) {11-19) (12-18) (16-22) (17-22)
Silty 25 5l 1.30 K| 15 16 21 .2
clay (.03-0.5) (43-53) (1.30-140)  (27-33) {(13-17 (14-18) (18-23) (18-23)
Clay 0.5 KX 1.25 » : 17 18 2 23
(.01-0.1) (51-58) (1.20-1.30) (31-39) {15-19) (16-20) (20-25) (20-25)

——

Note: Notmal ranges crv sh

awn in parentheses.

88

A Conceptual Approdach to Water Resources Mariagement

*Intake 1ates vary greatly with roil structure and structural siabilily. even beyond the normal ramge: shown above.

*Readily available maisture is approximately 75% of the tolal available moisture.

-
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x:lj r
Sj-1 l ( ] o T i

L]
Time point j-1

| Morkh j—————-——l

rig. 11 Schematic representation of the water balancs.

from the figure;

rj = X2; (1 - e-al8j) (1)

m; = a2S;; +a3Max (X1;-1;, 0) (2)
S;=Sj + X1;-1-m; (3)

where al, a2, and a3 are unknown parameters;
al >0
0 < a2 <1
0< a2 <1
()} = a3 +21

X1j = Areal precipitation

X2; = Potential evapotranspiration
m; = Expected runoff

rj = Real evapotranspiration

S; = storage at the end of month j

The equations above reflects the mechanism in which rainfall and
evapotranspiratior. are transformed to runoff. Equation (1) expresses the real
evapotranspiration, rj as a fraction of potential evapotranspiration, X2; which
increases with the moisture content of the catchment at the beginning of month
J. Equation (2) models the expected runoff as m; being the sum of the delayed
runoff a2S;.{ (base flow) and the relative quick runoff, either equal to a3( X -
1; ) or O whichever is greater. Equation (3) expresses the water balance of the
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whole catchment. This modification could not improve the results since the new
percentage difference is about 56% (Fig. 12). This under stimated the peak
discharge very much.

50

! A
a ] ]
\ /!

& h |

§od 1) I

u [ ] \

l /
Fig.1l2 " Modified SEAMOD Output

CONCLUSION

From the results, the minimum percentage difference which was obtained is
49%. This is very high, though a graphical comparison shows a reasonable fit.
Much difference migtt be attributed by outliers at some points. Data analysis
must be performed to see if there is some outliers. The modified version of
SEAMOD gave the worse results which might be due to reasons explained
carly in addition to the lumped nature of the storage.

Moisture in the soils differs from depth to depth and depending on whether it
has rained before or how long it took before the next rain has occurred. The bad
results could also be attributed by assumption of an homogeneous catchment
which in reality it is not the case.

It is suggested to gather more information/input data so as to try the SACRA-

MENTAL model as it seems to consider more practical processes taking place
in the catchment.
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It can be concluded further that , as long as it is difficult to establish the
obseved values of soil moisture states, baseflow, deep percolation and infilira-
tion water, conceptual model are still questionable unles these prameters are
measurable for comparison/control of simulated results.
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