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GEOGRAPHICAL SETTING
Refer to ANNEXURE 1 for general orientation.

In the context of the Zambezi River Basin, the "Upper Zambezi River”
refers to the part of the Zambezi River Basin from its origin down to
the confluence with the Kwando/Linyanti/Chobe River, from where the
main river starts to form the boundary between Zambia and
Zimbabwe.

At this point the catchment area of the Zambezi River covers
369,200 km?, with an additional 117,200 km® for the catchment area
of the Kwando River, which forms a particular hydrological entity as is
detailed in the next section.

Details of the catchment areas of the Upper Zambezi and Kwando
rivers in Angola, Zambia, Namibia and Botswana are given below.

Country Upper Zambezi River Kwando River
area [km?] % area [km?] %
Angola 150,300 40.7 89,700 76.5
Zambia 215,300 58.3 12,800 10.9
Namibia 2,400 0.7 6,800 58
Botswana 1,200 0.3 7,900 6.8
Total 369,200 100.0 117,200 100.0

Although the main river originates in Zambia, a major part of the
catchment is situated in Angola. Contrary to some reports, the
catchment comprises no area in the République Démocratique du Congo
[RDC/DRC], because the catchment divide with the Congo River was
the defined colonial boundary.

FLOW REGIME OF UPPER ZAMBEZI RIVER
Refer to ANNEXURE 2.

The Zambezi River is by far the largest perennial river in southern
Africa and on Namibia's borders. At Katima Mulilo, its flow is
estimated at 40,000 million cubic metres in a normal year, which
corresponds to an averaged flow of 1,270 cubic metres per second.
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The river flow régime is characterized by a seasonal flood that is
governed by the seasonal rains in the upper parts of the catchment in
Angola and Zambia. At Katima Muli lo, the river starts to rise towards
the end of November, and reaches its peak between mid-February and
begin-May. The magnitude may vary from year to year within the
following observed range:

* average: 3,400 cubic metres per second
*  minimum: 900 cubic metres per second
" maximum: 8,100 cubic metres per second

The precise timing and size of the maximum cannot be easily
anticipated before or even during the rainy season. The flood at
Katima:

" may arrive as early as January or as late as April

= may suddenly jump up by 1 m within a week

" may continue to rise for a short or for a long period

= may show a “false" and deceiving first of second peak
For comparison, the flood peaks for the past 3 years have been:

= 2,000 cubic metres per second on 27 March 2002

" 5,100 cubic metres per second on 29 April 2003

" 3,850 cubic metres per second on 04 April 2004

KWANDO OR KWANDO/LINYANTI/CHOBE RIVER

The Kwando River also drains a large catchment area, in size 30 % of
the Upper Zambezi River, but most of it is flat and swampy, resulting
in much lower flows. At Kongola, the estimated flow is not more than
1,000 million cubic metres in a normal year, being an averaged flow of
30 cubic metres per second, i.e. less than 3 % of the flow in the
Zambezi River. Due to absorption in floodplains and wetlands, seasonal
floods are also less marked, seldom exceeding more than 100 cubic
metres per second, and arriving only by July/August. In many years,
and this has been the case since 1982, the flow ends in the drier
lower parts of the river, which is normally referred to as Linyanti
River and then Chobe River along the Botswana/Namibian border.
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ANNUAL FLOODING PATTERNS
Refer to ANNEXURE 3 for orientation.

From the Angolan/Zambian border, the terrain is very flat, and the
annual floods in the Barotse Plains in Zambia can extend over very
wide areas, visible on satellite images. These geographical features
and inundation patterns extend to the eastern part of the Caprivi
Region in Namibia. The particular topography of this area, however,
shows a north-to-south gradient with the result that water spills over
the southern bank of the Zambezi River towards the Chobe River,
which then in its lowest part becomes a secondary channel of the
Zambezi River, whereas in its upper part water will flow back past
Ngoma Gate. Most of the area east of a line from Katima Mulilo to
Ngoma Gate is under risk of inundation each year, but the depth and
duration vary very much. During years of high floods, large areas west
of Ngoma Gate and the area of the ephemeral Lake Liambezi are
under risk.

Damage and disruption of agricultural activities, either stock or crop
farming, are dependent on the magnitude and duration of the floods,
and it is difficult for the population to develop stable living patterns.

LAKE LIAMBEZI
Refer to ANNEXURE 4 for geographical orientation.

The Lake Liambezi area covers a low lying area against one of the
southwest-northeast running geological faults which is also at the
origin of the Okavango Delta. According to unofficial records, the
Lake was dry/covered by shallow wetlands during the first half of the
previous century, but it would have filled up after big floods in 1952
[?]. It would then have formed a permanent open water body with a
size varying between 50 and 200 km?. The water balance of the Lake
was sustained as follows:

= Direct rainfall on the surface of the lake.

= Evaporation from the surface of the lake.
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* Perennial inflows from the Kwando/Linyanti River to the west
[with many local people alleging that much/most/all of this
water actually came from the Kavango River throtuh the Selinda
Spillway].

" Ephemeral floods spilling from the Zambezi River through the
Bukalo Channel from the north, every second or third year.

" Seasonal floods as backwaters from the Zambezi Floodplains up
the Chobe River most of the years.

Official records, which started in the seventies, confirmed these
dynamics. Lake Liambezi, however, stopped getting inflows from 1982
on, with the result that it had completely dried out by 1985. Since
then, it only received water for short periods from the Chobe River in
1989, and in the years from 1999 to 2001 and again in 2003. The
Linyanti River gradually dried out, up to Chinchimane in 1995 and up to
Linyanti in 2002, and the Bukalo Channel never flowed past Bukalo.
This reversal all related to a period of low flow régime in the Zambezi
River in the two last decades of the previous century, which was also
observed in the Kwando and neighbouring Kavango, Cuvelai and Kunene
rivers in the north of Namibia.

6.  HYDROLOGICAL DESCRIPTION OF 2004 FLOOD EVENT
Refer to ANNEXURE 5 for series of annual peaks and to ANNEXURE
6 for flood hydrographs at Katima Mulilo.

Rainfall information - Katima Mulilo - finalize info with
NMS

6.1 _Magnitude of 2004 flood

The magnitude of the seasonal floods is the easiest described by its
peak, and the 2004 flood was 7th highest for the 40 years of record
since 1965. This would put its average return period at approximately
5 years, or at an annual exceedance risk of 20 %.

The flood régime of the Upper Zambezi River, however, is not the one
of a stationary time series, with constant statistical mean and
deviation, from year to year. Instead it appears to fluctuate in cycles
over periods of 20 to 25 years, as is confirmed by flow records
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6.2

further downstream at Victoria Falls, which extend over more than
100 years.

In comparison with preceding 20-30 years, floods were in general low
in the Zambezi River during the eighties and nineties, but have then
been above average again since 1998, with a marked upward trend
during 2003 and 2004. This can be best illustrated by the following
biased information that would be derived from focusing on selected
periods in the record:

* The 2004 flood was the highest on record since 1979, i.e. for
more than 25 years, and is therefore "exceptional”.

= The 2004 flood was exceeded at least 6 times in the 12 years
between 1968 and 1979, and is therefore “normal”.

Similar cycles with high and low flows have been analyzed in rivers in
adjacent catchments such as the Okavango and Cunene rivers. It is
therefore both sensible and prudent to anticipate that a wetter
period like the sixties/seventies may be ahead again, and that major
flooding events in the Upper Zambezi River may be possible during the
years to come. Yet, even during these periods, there will also be single
years with below normal floods.

Development of 2004 flood

At Katima Mulilo, the initial flood developed below normal, and only
after 10 March, flows started to rise above average for the time of
the year. After that, the levels and discharges increased very rapidly
to peak at 7.05 m, the corresponding discharge being just below 6,000
m%/s, on 04 April 2004. Although similar and higher floods have
frequently occurred in earlier periods [sixties/seventies], and despite
the already high flood in 2003,a major element of surprise was
present for a combination of reasons:

* The fact that similar floods hadn't occurred for 25 years.

* The deceiving normal rise of the flood up to the beginning of
March.,

= The limited availability of rainfall information from the upper
catchment in Zambia and especially Angola.

= The unexpected high contribution of local rainfall and
tributaries downstream of the lowest warning site in Zambia.
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These two aspects are discussed in more detail in section 7 below.

* The much larger areas flooded by backwater in the Chobe River
and the filling up of the Lake Liambezi.

This aspect is discussed in more detail in section 8 below.

Full comparison with Previous floods regarding timing
and rate of flow increase still to be done.

FLOOD WARNING DURING 2004 FLOOD

Refer to ANNEXURE 7 for comparison of hydrographs at Katima
Mulilo and Lukulu, 300 km further north in Zambia.

Better flood monitoring and warning are of assistance in reducing the
damage, and especially the risk for human life, caused by floods.

The SADC Drought Monitoring Centre [DMC] in Harare, Zimbabwe,
was not able to provide good information about the high rainfall
storms that must have occurred in the upper catchment. There is no
radar coverage and Cold Cloud Density [CCD] images apparently also
not provided adequate warning. Direct coverage by rainfall stations

reporting in real-time is virtually non-existent. To include some
of the DMC information.

During recent years, information obtained from Lukulu in Zambia was
used to attempt timely warning for Katima Mulilo and the areas

further downstream. Iukulu covers about 60 % of the
catchment and 70 % of the flows reaching Katima
Mulilo.

The gained experienced is detailed below.

year peak at Lukulu | peak at Katima | time difference
[m] Mulilo [m] [days]
1999 591 5.36 19
6.26 6.28 17
2000 5.33 5.06 24?
6.26 6.07 17
2001 5.95 6.35 13
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2002 no major flood

2003 no record 6.62 -

2004 5.99 7.05 25?
6.22 6.67 12

In general, the perception has been that information from Lukulu
gives 2 weeks warning time for Katima Mulilo, but the magnitudes of
the floods are not always consistent. In particular the initial high
flood passing Katima Mulilo this year was not directly anticipated from
what was observed at Lukulu, and a major contribution seems to have

come from tributaries downstream, which are normally less important.
Effect of gquality of rating at Lukulu still to be
checked with Zambia.

For better monitoring for the purpose of timely flood warning, the
following actions need further investigation:

" Direct areal rainfall information by installation of cloud sensing
and radar stations, especially in the lowest part of the
catchment.

= Additional flow measuring stations having direct satellite
communication [SADC/HYCOS system] over the whole
catchment, with special emphasis on a station between Lukulu
and Katima Mulilo.

* More control flow gaugings at Lukulu and other sites.

The above investigations need to include the Angolan part of the
Upper Zambezi catchment.

EXTENT OF FLOODING

Refer to ANNEXURE 8, 9 and 10 for satellite images.

To be discussed in detail once borders have been put
in.

Approximate areas inundated in Nmaibia:

= Zambezi floodplains between Zambezi River and Chobe River,
east of Katima Mulilo - Ngoma line: 1,500 km?.

= Chobe floodplains west of Ngoma Gate: 250 km?.
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* Lake Liambezi and extended wetlands to northwest: 50 to 100

km?,

Lake Liambezi is now more then 3 m deep and it will keep water well
into the next rainy season. If the present cycle of high years carries
on, it will become a permanent feature in the area again.

More discussion on Lake Liambezi, Bukalo Channel and
Kwando/Linyanti to be detailed.

FEASIBILITY OF FLOOD PROTECTION

Zambezi River

Direct flood protection by means of defense embankments appears
not feasible due to unsuitable terrain and engineering features:

= very flat areas
" long river banks and wide areas to be protected
® no rock strata suitable for foundations and seepage control

Channeling rivers is also being abandoned as good engineering practice,
as it increases magnitude of floods further downstream, and it should
only be considered for very specific local situations, which is not
applicable in the Upper Zambezi River.

Flood control by means of storage reservoirs may be more applicable.
There are, however, no such regulating structures in Angola and
Zambia that would allow active control of floods at this stage. The
very flat nature of the terrain in the Barotse Plains would make
construction of effective dams not straightforward. The situation in
the Angolan part of the catchment is less well known, and for both
countries more detailed investigations will be required.

Estimates have been made of the active storage volumes required for
flood retention, and the effect flood control would have on the flood
hydrographs if these volumes would be released later. To reduce the
flow magnitude at Katima Mulilo to 2,500 m3/s, which could
theoretically be passed with minor damage, the following would be
necessary. TABLE 1 below shows some indicative results.
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TABLE 1:

FLOOD RETENTION BY RESERVOIRS IN UPPER

ZAMBEZI RIVER

type of maximum reduced Active extended
flood flow [m3/s] | flow [m3/s] storage duration of
required high flow
[million m*] [months]
lowest on 900 900 - -
record
average on 3,400 2,500 3,250 15
record
highest on 8,150 2,500 39,500 »>5 [into
record next flood
season]
2004 flood 5,900 2,500 13,500 35

The above calculations show that a very large dam or combination of
dams would be required.

Further investigation is required:

= To determine whether suitable sites are not too far upstream

in the catchment.

= To also give particular emphasis on the Angolan part of the
Upper Zambezi catchment.

* To asses the effect of prolonged high flows to release the
impounded volumes of water.

= To evaluate the impact on the Victoria Falls environment and
the Kariba and Cahora Bassa hydro-power schemes
downstream.

In general, there will be international aspects involving all 8 Zambezi
Basin countries.

9.2 Chobe River west of Ngoma Gate

The satellite images show the existence of a natural control at Ngoma
Gate, which has been used for the construction of a bridge connecting
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10.

Namibia and Botswana. The main bridge span consists of four Sm-high
openings, each 14 m wide. Even during periods of high flows, velocities
in this reduced section remain well below 1 m/s,

Already in the nineties, ideas were put forward to control flow by
means of gates under the bridge. The idea then was to let floodwaters
pass to partly retain them in order to form an artificial open water
body [or reservoir or lake]. This would provide continued opportunities
for fishing at the time when Lake Liambezi was drying out, and also be
beneficial for wildlife and tourism.

Such structural measure could obviously also serve the purpose of
flood control, and be much easier to realize in terms of:

" Structural feasibility.

= Economic aspects.

* Ease of operation.

* Tnvolvement of only two countries, Namibia and Botswana.
" Direct benefits in reducing flood risk.

" Minimal and negligible downstream effects.

= Other economic [and environmental?] advantages.

CONCLUSIONS AND RECOMMENDATIONS FOR FURTHER
ACTION

Seasonal floods in the upper part of the Zambezi River occur every
year, but their magnitude and timing is not foreseeable. Yet, the
indication is that the coming years will see a rehearsal of the situation
of the seventies when floods of the same or a larger size than this
year will frequently occur. To minimize damage and risk for human life,
the following actions need investigation:

" The feasibility of flood retention reservoirs:
Extensive terrain investigations for suitable dam sites.
Determination of operational procedures.

Investigation of effects of extended duration of high flows

* Better flood monitoring and warning:
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Assessment of remote sensing rainfall base stations.

Site investigation for river flow measurement stations,
possibly to be incorporated in SADC/HYCOS system.

Investigations should include the Angolan part of the Upper Zambezi
River and also put emphasis on the area between Lukulu and Katima
Mulilo.

A much more limited measure for investigation would be the
implementation of control gates as part of the bridge structure at
Ngoma Gate. This would allow control of the flooding of the areas
west of Ngoma Gate in Namibia and Botswana.

Draft report on the 2004 floods in the Upper Zambezi River — page 11



BASINS OF UPPER ZAMBEZI AND KWANDO RIVERS

Angola

ANNEXURE 1
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FLOODING PATTERNS IN EASTERN PART OF CAPRIVI REGION
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HYDROGRAPHIC SKETCH MAP OF LAKE LTIAMBEZI
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SERIES OF ANNUAL PEAKS AT KATIMA MULILO

Katima Mulilo annual peak levels
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2004 FLOOD HYDROGRAPH AT KATIMA MULILO

Katima Mulilo 2004 flood
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2004 HYDROGRAPHS AT LUKULU AND KATIMA MULILO
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CAPRIVI AREA SATELLITE IMAGE 06 APRIL 2004
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CAPRIVI AREA SATELLITE IMAGE 08 MAY 2004

ANNEXURE 9
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CAPRIVI AREA SATELLITE IMAGE 09 JUNE 2004

ANNEXURE 10
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