1. Introduction

As hydraulic modelling moves to increasingly large spatial domains it has become essential
to take reservoirs and their operations into account. Large-scale hydrological models have
been including reservoirs for at least the past two decades, yet they cannot explicitly model
the variations In reservoir spatial extents and many cannot undertake reservoir operations
during the run-time operations.

2. Research Aims

« Development of a robust reservoir module to be implemented inside Lisflood-FP.

* Creation of a methodology for linking an hydrologic (VIC) and an hydraulic models
(Lisflood-FP) for large scale systems

 Investigate the impact of explicitly modelling reservoirs on inundation extents and
downstream discharge

3. Study Area

The \Volta Basin, West Africa, was chosen to demonstrate the capability of the modelling
framework (Figure 1). The Wolta Basin has a catchment area of ~400,000 km? and contains
the world’s largest man-made lake in terms of area, Lake Volta. Lake \Volta has a surface area
of 8,482 km2 and a volume of 148 km® and was created by the construction of the
Akosombo Dam. The Akosombo Dam was built in 1965 and its primary purpose is to
provide electricity and has a generation capacity of 1,020 megawatts.

4. Reservoir Module

A reservoir module was developed to be implemented inside the hydraulic model, Lisflood-
FP. This module was created to utilise the freely available information from the Global
Reservoir and Dam (GRanD) database (Lehner et al., 2011).
There are two additional files needed to run the reservoir module
1) A Reservoir mask file: This file needs to identify boundary cell and reservoir cells. A
subset of the reservoir mask file can be seen in figure 2.
2) Reservoir parameter file: Supplies Lisflood-FP with the required data needed to control
reservoir operations.
a) Basic reservoir information: Maximum Volume (m3), Area (m2), Reservoir Depth
(m)
b) Spillway information: height (m OD), length (m), coefficient
c) Operational information: mean discharge (m3/s), initial water level (m OD), Output
location, rule number.
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The rule number determines which operational rule to
Implement. A number of rules have been created to
reproduce those found in large-scale hydrologic 8.5
models:

1) WaterGAP (Doll et al., 2003)

1) PCR-GLOBWB (Wada et al., 2014) g L

1) WBMplus (Wisser et al., 2010)

Iv) HO8 (Hanaski et al.,2006)

v) Spillway only

vi) 1 1
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Figure 1: Map of Study Area. Boundary of Volta Basin shown in red.

5. Coupling of VIC and
Lisflood-FP

A simple downscaling framework was applied to
assign the VIC runoff generated at 0.25 degree to the
Lisflood-FP domain with a corresponding spatial
resolution of 0.00833 degrees (30 arc-seconds). The
runoff from each VIC cell is assigned to the river cell
with the largest flow accumulation. Where the river
cell falls inside the reservoir mask, the runoff is
assigned to the nearest river cell outside the reservoir
boundary (Figure 3).

Figure 3: Coupling of VIC and
Lisflood-FP. Grid matches VIC’s
spatial resolution. Rivers are
identified by the yellow lines, Lake
Volta by the Blue polygon and VIC
inputs as the red dots.
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6. Results
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Figure 4: Time series of Lake Volta Water Level for the different operational rules
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Figure 5: Time series of Discharge below Akosombo Dam as a result of the different
operational rules implemented. Also shown is the discharge if the Akosombo Dam was
not modelled

7. Conclusions & Future Work

« We have developed a robust framework to explicitly model reservoirs in Lisflood-FP.
« A number of different operational rules already coded based off those coded in large scale
hydrological models.
« We have coupled VIC, Lisflood-FP and the reservoir module for the Volta River Basin.
« Lake \olta has a significant impact on discharge from the model domain
« Operational rules behaved as expected. However, many were developed for a monthly
timestep and developed to run retrospectively.
 Future work will involve calibration of :
1) operational rules to match water level dynamics obtained from satellite observations
2) hydrological model parameters, as the model discharge < in-situ discharge
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