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Simulation with tha watlond was (Figure 2,) unsatisfactory in ferms of trands (NSE) and very good in ferms of average
magnifuda (PBIAS). The Fitman model aperates at a monthly scale; hence it is very dificul 1o sea the impact of the wetland an
g the wetland module resulted in an increase in the maximum inferflow (ST), g recharge

Awatland is broadly defined as "aland area that is permanently or seasonally saturated with water, and takes info account aquati
plonts and the hydric soils” [Collins, 2005). The amount of water available within a wetland is defined by the hydrology of the
catchment in which that wetland is located; yet there is still limited information ubuu! !h- ge! cml Imlmg-l that exist b-hn-n
wetlands and their catchments. The hydrological process and impad of wetlands on hyd be i

using hydrolegical models. Thers has been attempts to integrate these processes within a wider m:hmwmn\

.in the ACI.IJ

ond Pitman models), but hes to the i og ion of thase p varies between models. This paper aims to assess the
P oftwo hydrolagical model: inely mmSuuthﬂ:um!hihcm!lundlpmcummdud-d
MATERIALS AND METHODS

Study area

The GaMampa wetland is used o a case study. The wetlond is located within the Mohlapatsi River cotchmant, which is 263 km2
(Figure 1). This permanently inundated, palustrine, valley bottom wetland lies almost at the outlet of tha catchment and covers an
area of appraximately 1 km:

Figure . Land cover of the Mohlapetsi catichment (National Land Cover, 2000) (Inset shows the pasition of the catchmant in South
Africa).

Methods

The Pitman (Pitman, 1973; Hughes i aol., 2006} and the Agricultural Catchmant Research Unit {ACRU, Schulze, 1986; 1995;)
models ware used to simulate the hydrological impact of wetlands on streamflow. Climate data and parameters to run the Pitman
model were obtained from the WR2005 dotabase. The Pitman modal was sat up twice fo simulate streamflow with and without
fwhich has baen the most common approach] the wetland modulo wﬂ.lo the ACRU model nnly simulated flows with tha wnﬂnnd
module. Rainfoll and temperature data for the ACRU mode! d from the Qi Catchment Database d dby
Schulze et al. (2007). Both modals were varified using nr-amﬁuw data ot the outlet of the bu:m obtained frem the Dupur!mum of
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Results
Results were evaluated based on the guidelines for ifi of accuracy in catch by
Moriasi of ol. (2007, Tubla 'I) Tha somia nuldnlmn wore extended to includa the coefficient of determination (R2) and for all the
statistics bosed fi d volues.

Table 1: Recommended statistics for model performance (Morias et al., (2007))

Performance rating NSE PBIAS

Very good 0.75 <NSE<1 PBIAS <+/-10

Good 0.65 <NSE<0.75 +/-10 <PBIAS <#/-15
Satisfactory 0.50 <NSE<0.65 +/-15 <PBIAS <+/-25
Unsatisfactory NSE<D.5 1 “—<P31A5 <+/-25

The Pitman Model

Pitman simulation of monthly streamflow without the wetland module was (Table 2) sctisfoctory in terms of trends (NSE) and very
good in terms of average mognitude (PBIAS), with low flow well simulated and majority of high flows wers either missed or under
simulated (Figure 2){Table 2) .

Table 2. Mode! performance statistics for both the ACRU ond Pitman Mode!
Objective Function Pitman Pitman ACRU
{no wetland) {with wetland}
R 0569 0.456 0.666
R7{in) 0528 0.3%0
HNSE 05866 0449 0.634
NSE (in} 0.500 0.356
PBIAS 1,004 7.623 5406
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Figure . Observed and simulated results of tha Pitman model bef d after the inclusion of the !

Trends are noted within the observed data, with lower flows between 1982 ond 1995 (drier period), and higher flows after 1995
{wotter period); which makes if difficult fo reproduce the overall potiem of flaws with a single non-dynamic set of parameters whan
the m\m‘ul\ record of the catchment shows a co nt behavieur which does net help explains the changes in stream flow (Figure
3).The ion might be It of land hang
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Figure 3 . Rainfall time series of the Mohlapetsi catchmi
Thus, separcte flow records (1970-1995 and 1995-: 10]\’)] ylnld-d batter resulis without additional calibration (Table 3).

Model statistics 1970 - 1995 1995 - 2010
wo (X5 T . -
R {in) 0.481

st 0.452

NSE {In] 0380

PBIAS Se08 182717

PBIAS (In] 60676 13199

(GW), size of the nponun area (RSF) and time delay function parameters (TL) and o decreass in the vuluq of the mporuhon
efficency (R] parameter (Table 4). These changes are expecied - the presence of a wetland would lead 1o an increase in the
time taksn to move water fo the catchment cutlet (the delay function performed by a wetland).

Table 4. vsed to simulate stream fiows with the Pitman model before and after inclusion of the wetland.
No wetland With wetland
Pitman Porameter
™IN 998,000 998
ZAVE 995.000 939
ZMAX 1000.000 1000
st 705588 388.908
POW 2.662 2615
FT 40.793 43980
6w 2.483 7.483
S 0.340 0122
T 0.250 0.641
GPOW 3.909 3.509
RSF 0.200 0.554
The ACRU medel

Tha daily time step ACRU model simulation was safisfactory in ferms of in terms of trends (NSE) and Very good in ferms of
average magnitude (PBIAS) (Table 2). The model was able to reproduce both the overall water balance of the catchment and
the timing of the flows. Simulated mean doily flow wos comparable to that of the Pitman model. Most low flows wers under-
simulated by the ACRU model though. The model failed fe simulate well all the late wet season or sarly dry season flows
(Figure 4). At this tima the wetland relaases water rather slowly indicating its attenuation effect [gentler recession curve) and
slightly elevated basefiow levels, whareas the model simulates o steeper recession curve that indicated in the cbservations.The
GaMampa wetland and the Mohlopetsi River are sustained by base flow from groundwater from the surrounding catchment
especiolly during the dry season. Thus, since the ACRU model does not have o well-defined ground woter component; this may
explain the poor simulation of the low flows in this cotchment.

——Observed ------ Simulated

with the wetland

Figura 4. ACRU model simulation in the Mohl i ¥

KEY FINDINGS AND RECOMMENDATIONS

The monthly Pitman model simulation results with the wetland module was included wers less than satisfactory, while the daily
ACRU model simulotions were satisfoctory. The daily ACRU model performance was better in this study. This is possibly becouse
the ACRU model operatas ot a finar fime scale, and it is therefore able to more efficiantly pick up daily voriafions and impacts
of tha wetland on streamflow such as flood attenuation and peak reduction. At the monthly scale thase variations ars masked.
Modelling results on the catchment indicates that more work needs to be done on the way the Pitman models hondles wetland
processes of the monthly scale if the impacts of wetlands are to be properly represented of this temporal scole. Further testing
of both models in other basins is required 1o generate a clearer picture of how they handle wetland processes in their routines.
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