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1. Introduction

The information and processes described in this section focus on the catchmentsQ@iltlaago, Cuito,

Cuando and Zambeazi rivers within sowthstern Angola. Their upper catchments and the Western Zambezi
broadly form an area called the Okavargambezi Water Tower. This is a highland consisting largely of sand
which delivers most of the wat carried south by the four rivers. Little, if any water is added in the lower
catchments of the Cubango, Cuito and Cuando. All three rivers later flow south into Namibia and Botswana,
and no further.

The Zambezi is somewhat different, its upper catchtreamsisting of the Western Zambezi in Angaladthe
elongate Bulozi Floodplaithat straddles the border of Angola and Zamlziad then the eastern Zambezi
within Zambia. Water flowing into the Barotse Floodplains thus comes from three rather different, and
perhaps complementary drainage systems
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Figurel. The catchments of the Cubango, Cuito, Cuando amb&zi rivers within soutbastern Angola, and
the floodplains, swamps and deltas into which the rivers later flow.



This report has two major purposes. First, is to inform managers and others concerned with KAZA about the
origins of the four rivers thatdlw as linear oases through the trafrentier conservation area. This was the

need expressed by WWF (World Wildlife Fund) and TNC (The Nature Conservancy), and the document
presented here forms part of the report commissioned for these two organisatidress@cond purpose

comes from a needlentified andexpressed separately by TNC, which was to assemble information on the
Upper Cubango, particularly regarding its functioning and current, proposed and possible developments. These
developments may influencepisodic flows in the Cubango River which are now critical for the productive
functioning of the Okavango Delta.

2. Geology, topography and climate

The geology and geomorphology of souistern Angola is rather simple, at least in its oltggeoportions. In
the far northrwest much of the landscape rises to between 1,600 and 1,850 metres above sea level. This
highland ridge forms part of Angola central plateau, known asPfa@alta The area is underlain with a mix of
extremely old graniteand metasediments, all formed on some ancient surface at least 2 billion years ago.
One of the unitg; the Jamba Sequence of mesadimentsg has iron deposits that have been mined over
hundreds of years by local people, and then more recently at Jamth&aamutete. None of the iron
resources lie withinsouts I a G ! y32f | Q&4 OF 6 OKYSyiaz K2gSOSNW®

The Eburnean granites and Jamba mstaliments are exposed in many places, while shallow Acrisols and
Ferralsols overlay the rocks elsewhere in the nawst. Rin-off in the upper Cubango catchmeatter rain

can be rapid and erosive as a result of the exposed rock surfaces and shallow soils. -Bffatgatributes

much to the floodwaters that periodically inundate floodplains along the Cubango/Okavango Riviertae
Okavango Delta. Surges of production and reproduction by plants and animals are generated when these
pulses of water mix with nutrients lying dormant in the floodplains (see 2age
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Figure2. The geology of soutbastern Angola (adapted from de Carvalho (1981), McGxwat (2013) and
Mendelsohn & Mendelsohn (2018).

The ancient granites and metediments are most exposedtime west, and gradually less so to the east

where they are covered by deeper Kalahari sedimenkais from about Menongue eastwards it is extremely
rare to find any rocks. Exceptions are narrow exposures of Calonda (also called Kwango) conglomerates
formed largely of basalts during the Cretaceous (145 to 66 million years ago). It is doubtless from these
Calonda conglomerates that alluvial diamonds have been washed to be found in small numbers by artisanal
miners along the Longa, Cubia and Utembe riveteénCuando River catchment. From those same basalt
conglomerates may have come most of the nutrients that support dense, tall growth of plants in the Cuando
River floodplain.



Figure3. Elevations in metres above sea level (top) and slopes measured in degrees (bottom). Derived from
SRTM 90 metre digital elevation data from National Aeronautics and Space Administration (NASA,
http://www?2.jpl.nasa. govsrtm).


http://www2.jpl.nasa/

Topographically, soutkastern Angola drops gradually from the highest elevations in the north to the lowest
areas along the Namibian border, which are about 1,000 metres above sea level. The northern areas are also
the hilliest, particularly in th headwaters of the Cuito, Cuando and Lungumgo of the western Zambezi.

It is likely that the upper catchmen&s ¥ | y 32 f | QwereYifte@up Milsdvide SidélFo that they now
form a gigantic dome (R. Swart personal communication). The otheofh@dime lies to the north from where
two main rivers and their tributaries flow: the Casai of the Congo Basin and the Cuanza which ends in the
Atlantic just south of Luanda. What is now being called the Okavaagtbezi Water Tower thusally

consists othe upper catchments of six major rivers; anticlockwise: the Cubango, Cuito, Cuando, western
Zambezi, Casai and Cuanza. The first four flow south, and the last two north.

The base leve] which sets the slope and speed of flqwf the Cuanza is thus a¢a level, while all the rivers

of the southeast have base levels between about 950 and 1,100 metres above sea level. Flows of the Cuanza
River are therefore much more aggressive than all the seatern rivers, and this is why there is a great
amphitheare where the Cuanza hasd will continue teerode southwards between the upper catchments of

the Cubango and Cuito.

The lower catchmentsf the Cubango, Cuito, and Cuaraie extremely flat and sandy, which means that
most rainwater is absorbed on thersdy surface before seeping away to unknown depths. Tributaries in the
lower catchment of the Cubango and Cuito are thus completely dry most of the time, while the larger rivers
that flow into the Cuando are either dry or carry very modest flows.

Climate

Southeastern Angola typically has two seasons: a dry, cool winter between May and September, and a
warmer, wetter summer from October to April. The winter is dominated by-eytlonic conditions that then
extend over much of southern Africa. The skies@ormally cloudless. Mornings are cold (€ Celsius), often

very cold and with occasional frost in the uppermost catchments, while the days and early evening are warm
with temperatures betweerl5and 25C. It is during the dry winter months that mdstsh fires sweep across

the area. The cloudless skies are then so smoky that solar radiation is dimmed, especially during August and
September when most fires burn.

During the summer months, night time temperatures are normally al®&?€and above 258C diring the day.

The majority of rain falls from afternoon thunderstorms which develop from rising and cooling air earlier in the
day. Almost all rain is received between October and April, but the rains start earlier in the north than the
south. This is bewise most rain is derived from moist air that moves progressively south from the tropics. For
the same reason, the northern areas get more rain but also have a short drier period in January and February
when the moist Intertropical Convergence Zone (ITi€&puth of Angola.

The driest areas in soutkast Angola are along the southern border with Namibia where annual rainfalls
normally range between 500 and 600 millimetres. The upper catchments of the Cuito, Cuando and western
Zambezi usually receive betee 1,000 and 1,200 mm per year, while the more elevated upper Cubango
catchment gets between 1,200 and 1,400 mm.
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Figured. Average annual rainfall in souttastern and the rest of Angola, and average monthly rainfall at
Huambo, bena and Rundu. (Source: Worldclim data (www.worldclim.org); Huambo: from records collected at
Chianga, Luena: historical records collected by Development Workshop, Luanda; Rundu: from Ministry of
Agriculture, Water and Forestry, Windhoek).

Winds that haveprevailed from the east and north over a very long time hale® played a major role in
shapnglocal topography and the distribution of soils, roads and people in interesting ways. For example,
immediately to wesbf many pansare lunette dunes formedfom pan sediments scoured out by wind and
deposited on the lee sides of the pans. Similddggitudinal dunes west of the Cuando River were formed
from soil washed out of the river when it was dry.

Soils immediately west of rivers are often a mix ofle@@osand and fine grained clays blown out of the river
floodplains. The soils are thus more fertile and loamy than those east of the rivers. As a result, local residents
preferentially have their fields west of the rivers, and roads have normally bednamst of the rivers. All

these patterns are easy to see in satellite images, such as those in Google Earth.

Several climate parameters are provided for the f&d@ppenclimate zones in soutkastern AngolaRKigureb).
The classification is based largely on rainfall and temperature characteristics. The Aw zone in treasbrth
and covering much of the western Zambezi catchment is tropical in nghgeswb and Cwa zones are
temperate, and Bsh in the south is dry.
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iAverage annual rainfall (mm) 1,400 1,050 550 1,300
1’ Number of rainy days 101 to 140 101to 140 21to 60 101to 140
;Average annual temperature (2C) ' 19. 20 22 ' 21
Maximum average temperature (2C) 4 26. 29 31' 28
‘ Minimum average temperature (2C) ‘ 12. 12 13 . 13|
j;Average maximum temperature in hottest month (2C) . 28. 33 35 A 31
zAverage minimum temperature in coldest month (2C) l 8. 4 3 ' 9 ;
ESunlight (number of hours/year) I 2,600. 2,800 2,800' 2,400?
[ Evapotranspiration (Thornthwaite) (mm) . 900‘ 1,000 1,100. 1,000

Figureb5. Catchments in soutbastern Angola fall into four Kbppen classes, as shown in the map together with
a selection of climate parameters in the table.
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Arguably, soils have a greater influence on the history, structure, econgggtation,and drainage than any

other single feature of sout’s & G SNy ! y32f | Qa 3IS23ANI LK@ dsdodleanand 6 SOI dza S
flows so slowly, that the topography is so gentle, and the region so sparsely populated, for example. What is

more, the future of the region and its people rests most profitably in domains that recognise the limits set by

soil conditions, agell as the assets that certain soils provide.

Two large soil units predominate in the catchments: Arenosols and Ferralsols, and they extend over large areas
elsewhere in Angola. Gleysols and Fluvisols are two other significant soil units iressteinAngola. Both

are localised in small patches along rivers and in small uplaihelys andare underrepresented at the

mapping scale used for the ISRIC dataigure6.

The distribution and variety of soils described here is derived from detailed, high resolution mapping from a
great volume of data sources by ISRIC (see www.isric.com). However, it should be noted that many of the soil
classifications are reached ¢ime basis of probability. This means that given the information available, the soils
shown in any one area are most likely to be of the type shown. Moreover, even if the soil type indicated is
correct, there can be much variation in its properties from @agch or area to another, which may render the

soil more or less suited to different purposes.

Soils are of little interest to most people, who generally assume that soils look and are the same, and vary little
in their suitability for agriculture or theieffects on vegetation, the distribution of people or topography, for
example. These assumptions are naive and dangerous because decisions made about land uses are then often
wrong. For these reasorsand to ensure that appropriate information and undensding is available that

the pages ahead present substantial detail about the types of soils and their properties inesmin

Angola.

Major points

At the outset, it is important to draw attention to several key and critical features about theyfeQia a2 Af ad ¢ K
first is that soils in most areas are exceptionally poor, particularly in terms of their fertility and water holding
capacity(Asanzet al. 2006 Ucuassapi & Did¥)06 Wallenfanget al. 2015 For example, yield of maize and

millet averageabout 700 and 300 kilograms per hectare, which are among the lowest in Africa
(https://datamarket.com). Second, farming that aims to produce significant fields from poor soils requires
substantial expenses to fix soil deficiencies. The more the strucfuaesoil must be altered or its fertility
improved, the greater the costnd the lower the potential gairEquivalent farming on better soils is thus
cheaper and more profitable. Third, managing such challenging soils requires considerable expertise and
experience. Fourth and paradoxically, soils in areas with the highest rainfall are generally less fertile than the
same soils in drier areas of sottlastern Angola. This is because most nutrients are either leached by rain or
absorbed and boundp in luxufant vegetation growing in high rainfall areas.

Fifth, there is relatively little erosion in souttastern Angola, particularly over the vast, flatter areas of sandy
Arenosols and Ferralsols. Sixth, as result of prevailing winds from the east, soiswestiern sides of rivers

are generally more fertile than those to the east. Easterly winds carry fine clays and silts from the rivers and
their floodplains when they are dry, and then deposit the fine sediments in the west where they mix with sand
to form more loamy soils.

Seventh, there are small patches of better soils in places. These offer opportunities for productive, profitable
agriculture in certain areas, but elsewhere their potential is limited. They may be suited to only certain crops
for whichthere is poor demand, and they may be so distant that transport costs for inputs and harvests are
prohibitive, for example.

Eighth, there are substantial beds of peats in the-lging centres of many river valleys, especially those that
meander across ba, sandy landscapes. The significance and value of the peat remains unknown.

12



Finally, the broad ridge or water tower¢ of sandy, permeable Arenosols and Ferralsols that form much of the
northern catchment area function as a sponge, slowly releasingnimiglaces to provide steady flows into

the major rivers; but also perhaps storing vast volumes in very deep aquifers. Those aquifers may be found to
important water resources, as is the newly discovered aquifer in the Cuvelai

(https://www.bgr.bund.de/EN/Themen/Wasser/Projekte/laufend/TZ/Namibia/ceb_fb_en.html

Soils
B Acrisols
Arenosols
B Calcisols
Ferralsols
0 Fluvisols
Gleysols
I Lixisols
0 Podzols

B Vertisols
0 50 100 200 km
- ‘o =)

Figure6: The distribution of soils in the catchments of seedisten Angola. Source: International Soil
Reference and Information Centre (ISRt)://soilgrids.org

Tablel: Percentages of the catchments covered by different soil types

Type Percentage area
Ferralsols 24.3%
Arenosols 72.9%
Acrisols 1.4%
Lixisols 0.0%
Gleysols 0.2%
Podzols 0.3%
Vertisols 0.4%
Fluvisols 0.3%
Calcisols 0.1%

Source: International Soil Reference and Information Centre (ISRIC) https://soilgrids.org
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Arenosols

These soils cover most of the central and southern areas of the region; and they also cover much of the
Kalahari Basin which is the largest continuous area of sand on Earth.

Arenosols are windblown or aeolian sediments that are largely devoid of nutrgefithe Available Water

(storage) Capacity (AWC) of these soils is also very low, sometimes as low as 3% by weight because the pores
between sand grains are relatively large. The ability of Arenosols to store and makeawaitableto crops is
therefore wsually very low, and water from recent rainfall is lost rapidly. For example, after heavy rains a water
content of 22% can be reduced to 11% in just 48 hours. Infiltration rates in sandy soils vary between 2.5 and 25
cm/hour and may be 250 times faster than clay soils (less than 0.1 cm/hr).

Quartz and feldspars are the principal minerals found in Arenosols, together with smaller fractions of micas
and ferromagnesian minerals. The nature of the clay fraction in Arenosols depends on weathering conditions
and parent rock, but for this region it is mainly composed of kaolin, in which the capacity to expand and to
store water is also limited.

The Arenosols in soutbastern Angola are deeply leached and decalcified soils with a low capacity to store
base mineals. The soils are also acidic (Wang et al. 2007). THeiri2ons are shallow and/or contain little or
poorly decomposed organic matter. The natural vegetation survives-sgaiing nutrients, and roots are
almost exclusively in the-Borizon and in algllow Ahorizon.

Arenosols in the region are best left under their natural vegetation, particularly so in the deeply weathered
Albic (white) Arenosols. As nutrient minerals are all concentrated in the humus and top 20 cm of the soil,
removal of the vegeti#on inevitably results in infertile badlands that have little ecological or economic value.
While forested or wooded, the land can still produce some timber and other plant resources. The permanent
cultivation of annual crops requires management and isghiat are usually not economically justifiable. Root

and tuber crops are easy to grow, notably cassava and sweet potato (in the north of the region), which

tolerate low nutrient levels. Groundnuts can be cultivated on the better soils. However, highyie@l y QG 06 S
expected due the combination of low fertility, low water storage capacity and cold conditions in the winter
months (particularly for cassava). Cattle ranching has potential, but requires investment to modify and manage
grasslands, particularly ithe eastern areas of the region, as well as the preservation of some woody plants for
shade and browse.

Ferralsols

This soil type is dominant in the upper catchments. Ferralsols are associated with old, stable geomorphological
surfaces and areas where recent processes that lead to soil formation are absent. These are soils with very
weathered material, rich in kaolirdtand sesquioxides (iron and aluminium), deep, easy to work with, but very
poor in nutrients. They are easily identified by their intense red, orange or yellow colour that characterize the
deep, uniform soil horizons. Ferralsols are normally very deeallysseveral meters thick) with diffuse

horizon boundaries. Quartz is usually the main primary mineral.

Most Ferralsols are clayey (a consequence of advanced weathering), and the presence -aiggiegates
(various particles composed of mineral, orgaguiel biotic materials bound together during soil formation)
reduces moisture availability to most crops. The clay assemblage is dominated by kaolinite, hematite and
goethite.

Stable micreaggregates explain the excellent porosity, good permeability arltration rates of Ferralsols. In
soils with high (positively charged) iron oxide and (negatively charged) kaolinite contents, the soil structure is
stable, due to the bonding of opposite elements. However, surface sealing and compaction limit the use of
these soils for cultivation.

14



Their good permeability and stable microstructure make Ferralsols less susceptible to erosion than most other
tropical soils. Moist Ferralsols are friable and easy to work, even after a short period of drying conditions. They
are well drained but also often desiccated because of their low water storage capacity.

However, the chemical fertility of Ferralsols is poor. Dissolved minerals are absent and cation retention is
weak. Under natural vegetation, some nutrient elements takerby the roots are eventually returned in

falling leaves and other plant debris to the surface soil. But the bulk of all nutrients are taken up and held in
the living trees and other plant. Almost all plant nutrients available in the soil (and livingrplats) are
concentrated in the upper 10 to 50 cm soil layer. The root zone is rapidly depleted of plant nutrients if the
process of nutrient cycling is interrupted, for example by low input sedentary subsistence farming.

Phosphorus retention is limiteith Ferralsols, which are also normally low in nitrogen, potassium, secondary
nutrients (calcium, magnesium, sulphur) and many miwutrients. Even silica deficiency is possible if silica
demanding crops (such as rice or permanent pastures) are growreWouwmanganese, aluminium and zinc,
which are soluble at low pH, may reach toxic levels.

Thus, while Ferralsols have good physical properties their low natural fertility, and lack of nutrients are serious
limitations. Ferralsols are used mostly for shifticultivation of maize, sorghum, millet and cassava in the
region. Yields are very low.

Liming (application of CaC0O3), the application of phosphate rock and a full complement of fertilisers are
required for sustainable crop production, but the costsetifizers and their application strongly limit the
economic viability of agriculture. Liming is used to raise thevalde of the surface soil, to combat aluminium
toxicity and to raise the cation exchange capacity (CEC).

Maintaining soil fertility by mauring, mulching and adequate fallow periods and prevention of surface soil
erosion are also important management requirements. However, nutrients will be completely depleted if
fallow periods are too short. The good physical properties of Ferralsolsh@naften gentle topography of the
catchments create misleading expectations that encourage intensive land uses that are not viable because
production is low and shifting cultivation requires that woodlands be progressively degraded.

Calcisols

Calcisols hee substantial accumulations of lime (calcium carbonates). They originate mostly from alluvial,
colluvial and aeolian deposits of sediments, and are often predominantly covered in xerophytic, simaibs
trees and ephemeral grasses. Patches of Calcisals atmng perennial and ephemeral rivers in the lower
Cubango catchment(gure6), where they probably formed from alluvial sediments first deposited as
Fluvisols.

Crosssections through landscapes with Calcisols normally show a gradual transition from shallow soils with
rather diffuse signs of lime to deeper soils richer in carbonates. The translocation of calcium carbonate from
the surface horizon to an accumulatitayer at some depth is the most prominent soil forming process in
Calcisols, and it is common to find the surface horizon wholly or partbatbified. The way in which lime is
redistributed varies greatly, but commonly includes deposits usually calleceta

Many Calcisols are old soils with their development having been slowed by recurrent periods of drought during
which other important soil forming processes, such as chemical weathering, accumulation of organic matter
and the translocation of clayame to a virtual standstill.

In Calcisols the organic matter content of the surface soil is sometimes low, as a consequence of the rapid
decomposition of plant debris. Most of these soils have a medium or fine texture and goodtveddiang
properties. Suiace crusts may hinder the infiltration of rain and irrigation water, particularly where the
surface soils are silty, and surface +oifi over the bare soil often results in gully erosion.

Calcisols contain only 1 or 2 percent organic matter but are mighant nutrients. The pH is neaeutral in the
surface soil, but slightly higher at a depth of 80 to 100 cm where the carbonate content may be 25 percent or
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more. Calcisols can be highly productive for a wide variety of crops if irrigated, draine@yenpthe build
up of salts) and fertilised. Many vegetable crops can successfully be grown on irrigated Calcisols fertilised with
nitrogen, phosphorus and micrelements, such as iron and zinc.

Fluvisols

Fluvisols form from alluvial sediments of silt asldy deposited by the periodic flooding of floodplains along
rivers, and in deltas and alluvial fans and lakes. These water bodies thus receive fresh deposits of sediments
during floods. In the Angolan catchments of the Cubango, Cuito, Cuando and Zamisald=are more

widely distributed than suggested by their portrayaFigure6, and probably lie in many of the broad

floodplains that characterise the Cuando,itGand many stretches of the Cubango and the major Zambezi
tributaries.

Fluvisols in upstream river lengths are normally confined to narrow strips of land adjacent to the actual
riverbed. In the middle and lower stretches of the river, the floodplainidevy often with levees. Fluvisols
close to the river are coarser, while finely textured soils are found further from the main channel.

Permanent or seasonal saturation with water preserves the stratified nature of the original deposits. The
characteristis of Fluvisols depend largely on their wetness and on when the sediments were deposited. Over
time, the sediments change (or mature), becoming stratified by chemical processes associated by drying
(oxidizing) and wetting (reducing).

Fluvisols generally e neutral or neaneutral pH values, which do not impair the availability of nutrients. The
good natural fertility of most Fluvisols means they are walted to annual crops or orchards, although flood
control, drainage and/or irrigation are normallyqeired to manage the soils. For several weeks a year these
soils should be dry when microbial activity and the mineralization of organic matter can occur. Dryland crops
can be grown on Fluvisols, but normally with some form of artificial water control.

Although the wide floodplains of Fluvisols along many of the rivers in seagtern Angola appear ideal for

rice and other crop production, these soils are generally very acidic and thus poorly suited to crop production.
This is due to the acid nature of tiparent material that produced the alluvial sediments as well as the effects
of being saturated in water which leads to acidification.

Acrisols

Acrisols are relatively abundant in the nontfest, particularly in the uppermost catchment of the Cubango

andits associate riverd-{gure6). These soils generally form on old land surfaces with hilly or undulating
topography, and in regions with a wet tropical climatell three conditions hold in that nortlwestern area,

as described elsewhere in this report for geology, topography and rainfall. Light forest is the natural vegetation
on Acrisols.

Acrisols are characterized by a dominance of clays, a general deficidmayeodr cation minerals, as well as
most other minerals that have been leached away. Exceptions are iron and aluminium. The clay fraction
consists almost entirely of kaolinite and some gibbsite.

Acrisols beneath protective forest cover have porous sur&ils, but the valuable surface horizon degrades
and forms a hard surface crust if the vegetation is removed. The crust limits the penetration of water during
heavy rain, resulting in serious surface erosion. It is probably for this reason that erodies atd more
abundantamongst Acrisolthan anywhere else in the region (sEgure?).

Acrisols have poor chemical properties. Levels of plant nutrients are lowalandnium toxicity limits crop
growth. Microbial activity is low, and the natural regeneration of surface soils degraded by farming is very
slow.
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The preservation of the surface soil and its important organic matter is a necessity for farming on Acrisols.
Mechanical clearing of natural forest to remove roots and deep tibimggstoxic levels of aluminium in the
subsaoil to the surfacehich kills seedlings

Carefully managed cropping systems and thorough fertilization is required if fields are todgasseafter

year. These requirements cannot be met by peasant farmers and so the wligielg R W&t | aK | YR 0 dzNJ

agriculture is the only alternative form of crop farming. Some regeneration of Acrisols is possible if fields are
used for short periods (one tilree years only) and then left fallow for long periods of up to 10 years. No
regeneration will take place if the interval between cropping years is shorter, and erosion of the surface soils
and their nutrients will destroy the weak productive structurettoése soils.

Some unademanding, acidityolerant cash crops such as pineapple or cassava can be grown with moderate
success. Raifed and irrigated crops can only be produced after the expensive application of large quantities
of lime and variougertilisers. Organic matter can be maintained if annual crops are rotated with improved
pasture.

Lixisols

Lixisols are strongly weathered soils in which clay has been washed down from the surface layers to an
accumulation horizon at some depth. They orggafrom unconsolidated, strongly weathered and strongly
leached, finely textured materials.

These soils occur in areas with a warm climate and a pronounced dry season, and are very similar to Acrisols.
In the Cubango, Cuito, Cuando and Zambezi catchmieixisols occur in small isolated patches spread across
a broad zone in the middle reaches of these rivers Egaret).

Lixisols have low levels of available nerits and low nutrient reserves. However, their chemical properties are
generally better than those of Ferralsols and Acrisols because of their higher pH and the absence of severe
aluminium toxicity. Most Lixisols drain easily, and their capacity to holdtare is also slightly better than

those of Ferralsols or Acrisols with the same contents of clay and organic matter. Nonetheless, the low
absolute level of plant nutrients and low cation retention by Lixisols makes recurrent inputs of fertilizers and
lime a precondition for arable farming

Savannah or open woodland vegetation normally characterises Lixisols, and these areas are widely used for
low volume grazing. Preservation of the surface soil with its organic matter is of utmost importance. Degraded
surface soils have low stability and are prone to erosion if exposed to the direct impact of raindrops. Tillage of
wet soil or the use of heavy machinery will compact the soil and damage the structure of its E horizon.
Chemically and physically deterioratedisols regenerate very slowly.

Perennial crops are to be preferred over annual crops. Unlike Acrisols, the cultivation of tuber crops (cassava,
sweet potato) or groundnut increases the danger of soil deterioration and erosion. Rotation of annual crops
with improved pasture has been recommended to maintain the organic matter content of Lixisols.

Gleysols

Figure6 shows Gleysols covering tiny areas of the Cubangecatdthments and those of the Cuito, Cuando

and Zambezi rivers. However, these soils are much more abundant and widely distributed than the mapped
data indicate. This is because Gleysols are restricted to tiny patches, most of which are too small to be
detectedat 250 metre mapping resolution of the ISRIC data. Gleysols are extremely important for local
residents who grow a variety vegetables on these dark, moist soils.

These soils are found in two landscapes. The first is in the upper Cubango catchment \elysodsGill the

bottoms of shallow valleys. The soils are formed by the colluvial movement of minerals (and water) down the
adjacent hill slopes. The second is along the margins of floodplains throughoutesatdrn Angola. Here, the
Gleysols are confirtketo narrow strips between the regularly inundated floodplains and adjacent grasslands

17



and woodlands growing on drier sandy soils. It is often hard to distinguish different zones of Gleysols and
Fluvisols in these areas.

Gleysols are usually wet, their nstire content varying seasonally, being extremely wet during the summer

rain seasons and drier during the winter months. Farmers use drainage ditches and channels to manage soil
moisture. Strong reduction and oxidation (redox) chemical processes andialghgsr or horizon characterise
these soils. Iron is removed from this layer by oxidation, leaving the gleyic layer soil devoid of the brown and
red colouration derived from iron. The uppermost A horizon layer is rich in organic matter and may be up to 50
centimetres thick. This upper layer is also relatively fertile and-sugled to horticulture. Cereals generally do

not grow well in Gleysols.

Podzols

Figure6 showsrather large areas of Podzols around the middle reaches of the Cuando River. These soils
typically have susurface impermeable laterite soils formed by the vertical migration of iron and aluminium
oxides. Podzols are generally acidic and low in fertiNything appears to be known about the use of these
soils in soutkeastern Angola

Vertisols

Figure6 shows much of the mid and lower Cuando River valley filled with Vertisols, which seems surprising
given the predominance of windnd waterborne sediments throughout this and other areas of the Kalahari
Basin. Moreover, since most of the Cuando vallahismarea is flooded for much of the time (see p&@, it
seems more probable that these are Fluvisols.

However, the relative abundance of phragmites, papyand other large aquatic plants in the Cuando valley
suggests the soils must have been formed from sediments with considerable nutrient contents, unlike other
soils in the region. That lends support to the idea that these are indeed Vertisols, and théertrey

products of basalts along the Kembo and upper Cuando where there are outcrops of metasedimentary
Calando (or Cuango) Group Rocks that have basaltic origins.

Hardpans

Hardpans are extremely important in retaining rainwater near the surface, andfpveater out of the soils

and into the hundreds of thousands of tributaries that eventually fill the major rivers. There would probably be
few drainage lines in the absence of hardpans since about 97% of the region is covered in soils that are highly
permeable (Arenosols, Ferralsols and Acrisols).

Acrisols and Ferralsols often have accumulations ferrocrete (laterite) or silcrete which function as hardpans,
from anywhere between immediately beneath the surface up to tens of metres deep. Layers of calayete m
form in the drier southern areas of the region, and Podzols often have impermeable laterite layers below the
surface.

Soil fertility and water holding capacity

Most soils in the region are relatively infertile and can hold limited amounts of waterder of severity,

Arenosols, Ferralsols, Acrisols and Lixisols are most deficient in these respects. Cumulatively, these soils make
up 97% of the Cubango Subhtchment and 98% of the entire soustastern region covered by the catchments
shown inFigure6. These soils will only produce moderate or better yields if they are fertilised regularly with a
spectrum of nutrients, and if abundant lime (calcium carbonate) isieghpo lower their acidity.

In order of increasing fertility and moisture availability, the following soils are most suited to crop production:
Podzols, Calcisols, Fluvisols, Vertisols and Gleysols. There are approximations, however, and much local
varigion for crop potential is to be found from area to area. Fluvisols in the region are normally too acidic for
arable agriculture.
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Erosion

Ferralsols, Acrisols, Lixisols and Calcisols are the most erodible soils in the region. However, severe erosion
normaly only occurs when the surface layers of these soils are damaged when plant cover is removed, they
are tilled, surface crusts develop, and organic material is removed from their surface layers.

Only in the northwest and around major towns is erosion @t in the form of gullies large enough to be
seen and mapped from high resolution satellite imadgégire7). The concentration of gullies in the

northwest is likéy due to a combination of factors: reasonably steep slopes, erodible Acrisols with relatively
limited rain permeability, high human density and consequential plant cover loss, and high rainfall.

Lumbala o
~ ‘N'guimbo

[ Podzols
Il Vertisols

2 2 lg whn

Figure?. The distribution of large erosion gullies seen and mapped from high resolution (0.5 metre pixels)
satellite imagesSource: mapping by RAISON.
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2018

Figure8: Around Luena soil erosion has been severe on steep slopes originally formed by slumping (see page
32). These images show the expansion of erosion in one such between 2003 and 2018. Note the growing

density of houses around the slump. The photographs span an area of 1.6 kilometres from westSouezst.
images from Google Earth.
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Figure9: The distribution of peat isouth-eastern Angola. Source: Peat data from Center for International
Forestry Research (CIFOR)
https://data.cifor.org/dataset.xhtml?persistentld=doi:10.17528/CIFOR/DATA.00058

Beds of peat present along many of the rivers and their tributaries, espewib#re their valleys are shallow

and flow rates are slow. The peat is most concentrated in the lowest sections of the valleys where the ground
is permanently wet. The map Figure9 shows the distribution of larger peat beds, but there many more
smaller beds along smaller drainage lines. In satellite images (such as those available through Bing and
Google), peat beds are usually the very dark areas close to river lilnereas adjacent paler zones are dry
grasslands and underground forests.

Little is known about peat in the region, such as its age, the depths and organic carbon content. If verified,
peat beds underlying the broad Cuando river valleys could havdisagivalue as carbon sinks.
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Sand
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Figurel0: The distribution of sand in Angokource: https://soilgrids.org

Sandisthe coarsetextured mineralfraction of soil,its main mineralsbeingquartzandfeldspar.Soilswith a
high content of sandare often dry, nutrient deficientandfastdrainingsystemsTheyhavelow Cation
Exchang&€apacity CECwhichmeansthat sandshavea verylow capacityto store nutrients. Largepore
spacesn sandysoilresultin easydrainageandlow capacityto retain water. Forthis samereason,sandysoils
havelittle or no ability to transportwater from deeperlayersthrough capillarytransport. Tillageservedittle or
no purposebecausamnoisturein the seedbeds easilylost. Theonly wayto improve the capacityof sandto
store nutrientsandwater isto add organicmaterial.

Much of the easternhalf of Angolahassoilswith a high sandcontent (>60%of soilcomposition).Allthese
areassupportfew peoplebecauseyieldsarelow, and cropslimited to hardycerealssuchasmillet and
sorghumin the southand maniocin the north. Farmingis typicallyof a subsistencenature,and crop produceis
not for salebecausegroductionislow, demandislow asa resultof the smallpopulation,andthe needto store
surplusego avertfuture shortageds high. Sandsare characterisedy low input ¢ low put farmingsystems.
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Organic carbon

Organic Carbon Content

Figurell: The distribution of Soil Organic Carbon in Ang&darce: https:/soilgrids.gr

Organic Carbon is the main source of energy for soil microorganisms, and is one of the most important
constituents in supporting plant growth as a source of energy, making available nutrients through
mineralization, providing aggregate stability, andding nutrients and water.

A direct effect of low Soil Organic Carbon is reduced microbial biomass, and microbial activity to mineralise
nutrients. In noncalcareous soils (which include the majority of Angolan soils), aggregate stability, infiltration,
drainage, and airflow are also reduced. Scarce Soil Organic Carbon results in less diversity in soil biota which
can disturb the soil environment, and cause increases in pests and disease, for example.

Soil Organic Carbon is usually very low throughout Anguid almost absent in the soutastern catchments.
However, significant organic carbon levels may be present in Fluvisols deposited by flooding in river valleys.
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Nitrogen
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Figurel2: The distribution of soil nitrogen in Angource: https://soilgrids.org

Microbes mineralise and thus transform organic nitrogen into inorganic forms (such as nitrate and ammonia)
which can be used by plants. Mineralisation happens during the ra@ymwgrowing season, thus providing
plants with a steady supply of nitrogen.

Nitrogen is present as positively charged ammonium ions-{MHnegatively charged nitrate (NP

Ammonium ions are not mobile and are intermediaries in the conversion of argditrogen into nitrates,

which are highly mobile in the soil. Nitrates can therefore move readily towards plant roots, but they can also
be leached out of reach of plant roots. Sandy Arenosols are the most prone to nitrate loss through leaching.

The orgait nitrogen content of soils is low throughout most of Angola. Nitrogen is usually associated with
organic matter in the topsoil, and organic nitrogen is soon depleted once forest is removed and fires become

frequent.
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Cation exchange capacity
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Figurel3: Cation exchange capacity (CEC) in An@olarce: https://soilgrids.org

Cation exchange capacity (CEC) is the total capacity of a soil to hold exchangeable cations which influences the
soil's ability to hold onto essential mignts. It is an inherent soil characteristic and difficult to alter

significantly Soils with a higher clay fraction and organic matter content tend to have higher CEC, which also
buffers against soil acidification. Sandy soils (with almost no clayheabily on the high CEC of organic

matter for the retention of nutrients in the topsoil.

The clay mineral and organic matter components of soil have negatively charged sites on their surfaces which
adsorb and hold positively charged ions (cations) by edstatic force. This electrical charge is critical for the
supply of nutrients to plants because many nutrients exist as cations (e.g. magnesium, potassium and calcium).
In general terms, soils with large quantities of negatively charged particles arefentie because they retain

more cations. The main ions associated with CEC in soils are the exchangeable cations calcium (Ca2+),
magnesium (Mg2+), sodium (Na+) and potassium (K+), which are generally referred to as the base cations. In
most cases, summinthe analysed base cations gives an adequate measure of CEC.
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Soils dominated by clays with variable surface charges are typically strongly weathered, such as Ferralsols.
Their fertility declines with decreasing pH which can be induced by clearing andlagal practices. The
lower the CEC of a sail, the faster the soil pH will decrease with time.

Soils with a low CEC are more likely to develop deficiencies in potassium (K+), magnesium (Mg2+) and other
cations while high CEC soils are less susceptititee leaching of these cations. In Angola CEC is usually low,
due to the dominance of acidic Ferralsols and Arenosols. It is in the young soils in river valleys that higher
values of CEC can be found.

4. Rivers and surface hydrology

The catchments ddll the rivers that flow through KAZA are to the north, in Angola and Zamwbiere they
span some 1,200 kilometres from East to West, and lie between about 11.5 and 17.5 degrees South.

ake Liambezi

Rivers and Basins

0 100 200 300 km Lake Ngami
—— ——

Figurel4: The catchments of rivers flovgnthrough KAZA
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For purposes of this study, the catchments were divided into a number of zones. In Angola, from west to east:
the upper and lower catchments of the Cubango, Cuito and Cuando Rivers, and the western Zambezi

catchment. These arethe zonescbMB R 6& w! L{ hbQa | a4Saaec@ynic 2F O0A2LIKEaA
O2yRAUGAZ2Y AT GKAETS tS3Ilaea LINPOBARSR SljdaAa gt Syld AyTF2N¥YE

catchment zones. Little information is as yet available for the Bulozi Floodplain (Mendélsateher 2015,
Zigelsket al. 2018).

The upper and lower catchments of the Cubango, Cuito and Cuando, respectively separate areas that are
steeper and more elevated (see pa@)ewith surface flows that are more permanent, from those in the lower
areas that are much flatter, with more ephemeral tributaries. Most flows of water into KAZA therefore come
from the upper catchments, while supplementary flows from thedowatchments only follow extremely wet
periods.

The complementary roles and functioning of these rivers and catchments are considerable. For example, the
western Zambezi in Angola produces a steady flow of water, while river discharges from the Bulozi and
Zambian zone are more episodic and variable. How these complementary flows support downstream
wetlands¢ such as the Barotse Floodplaipseemains to be understood. The complementary roles of water
supplied to the Okavango Delta by the Cubango and Ruiiters are described below.
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Figurel5: Rivers and subatchments of the Cubango

The Cubango is divided into two quite separate groups of rivers. The first group is to the west and farthest
north. From here, the CubangGutato Nganguela, Cuchi and Cacuchi rivers flow southwards, parallel to each
other. They originate off the highest elevations at about 1,700 metres above sea level, from areas underlain by
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extremely old metasediments and igneous rocks that formed at teasillion years ago. The rock formations
have since been weathered into gently rolling hills. Most soils are derived either from these; i@nttsare
thus old, weathered and leachegor are sandy sediments deposited there by wind.

Rural populations ithe headwaters of this first group of rivers are denser than anywhere else in-south

eastern Angola (seepagd0 ® ¢ KA a A& T2N aSsS oS NsbriewhdSriord rflé(WithinétS | NB I Q
Acrisols and Gleysols than the Arenosols and Ferralsols that predominate elsewhere); services and commercial
activities associated with the nearby and leegtablished trade and communication routes are present, as are

large towns (Huambo, Cuito, Cachiungo, and Chinguar); and the rainfall is higher and the climate cooler in

these highlands. Possibly, the area also has a lower disease burden.

All four rivers have comparatively steep gradients, their flows acceléngiéaces where the rivers tumble

R26y NIYLAR&a 2N avltt 61 GSNFlIfftad ¢KS /doly3azQa Ft2g A
In a few places, however, the river meanders through sizeable beds of phragmites reeds. Similar meanders and

reed bedsare much more extensive and characteristic of the Cutato Nganguela and Cuchi rivers, and to a

lesser extent the Cacuchi. Observations from aerial and ground surveys of these rivers in July 2018 suggested
GKFd GKS NBSRa Yl & WQodérsappgdd mucKnurkigrlinihSiNiperaharytides loner2 G K NJA
reaches. The reed beds may thus trap and filter out materials in the water, including suspended solids,

minerals and pollutants.

Elsewhere, these four rivers flow along fairly shallow, but confiraigys, often with stretches of riparian

forest alongside. This separates them from most of the second group of rivers, which are to the east: the
Cuelei, Cuebe, Cueio, Cuatir and Luatuta. These largely drain sandy substrates, and their courses are often
flanked by broad floodplains, of grasslaraasl somebeds of peat close to the actual river lines. Water flows
are generally slower and vary less during the year than those of the first group to the west and north. The
chemistry of the eastern rivers probitdiffers as well, in all likelihood being more acidic but also cleaner with
lower TDS (total dissolved solids) and conductivity levels than in the Cubango and its associated rivers.

The two groups of rivers probably also provide complementary suppiiesier: fast, episodic and probably
with more minerals from the west; but cleaner, slower and more stable from the sandier eastern areas.

Flows from the upper Cubango also complement those from the Cuito in a way that has particular value for the
Okavangdelta in Botswana. The Delta broadly consists of three wetland environments: permanent swamps,

and seasonal and occasional floodplains. The permanent swamps provide stable habitats for plants and

animals, which live there from year to year with little nevwoduction. The steady flows of the Cuito River do

YdzOK (2 YFIAyldlrAy (GKSasS LISN¥YIFySyid 6FGSNBR yR GKSANI £ AT
levels are low (see pa@s).

It is following good rains in its upper catchment that the Cubango contributes vital pulses of floodwaters to the

Delta, in particular to its seasonal and occasional floodplains. They remain dry and dormant until the arrival of
floodwaters that then trigger great flourishes of production. Plants germinate and grow, the dormant eggs of

all kinds of tiny aquatic animals hatch, frogs emerge from the ground beneath, fish swim in to spawn, birds fly

in to feed and nest, and all sorts ofaiTnmals move in to feast, fatten and bikdndeed, it is during these

periodic floods thamuch ofi KS 5SSt G Qa NA OK 0 A2 RA éalNBI)iiLatle ¢f that LIN2 RdzOS R
would happen in the absence of floodwaters coming from the western uppba@yo catchment.

Albeit on a more localised and less familiar scale, the same kind of episodic production occurs in seasonal and
ephemeral floodplains along the Cubango/Okavango River. Unfortunately, the existence or importance of
these flooding processehave not been recognised in major development and strategic plans, as well as
studies of environmental flows in the Okavango Basin. Several references are provided at the end of this
report for those interested in understanding more about the importanégeriodic flooding and floodwaters

(see Cronbergt al. 1996, Hogbeet al. 2002, Kratet al. 2006, Lindholnet al. 2007, and McCarthgt al. 2002).

28



Cuito

Okavango Delta

Lake Ngami g

Figurel6 The upper and lower catchments of the Cuito and its major tributaries.
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between the northernmost sections of these two catchments has been captured B§uheza River which

flows first to the north and then on to the coast, south of Luanda, where it has a base level at its mouth. As a

result it has more erosive power, and that has progressively captured parts of both the upper Cubango and

Cuito catchments.

The Cuito and Cuanavale have their sources far to the north, at elevations around 1,400 masl. The two rivers
flow southwards, in parallel, up to their confluence at the famous town of Cuito Cuanavale, which lies at 1,250
masl. From there, the Cuito contiaa south for 140 kilometres to the town of Nankova where it is joined by

the Longa, bringing with it flows from the Luassinga and Cuiriri Rivers which joined the Longa upstream. After
Nankova, no regular or substantial tributaries flow into the Cuito.&loDirico on the Namibian border, the
Cubango converges with the Cuito River.

The entire Cuito catchment is underlain by sandy, highly permeable and infertile soils. With the exception of
small waterfallg; far to the north along the Cuito and Cuanavaled then again immediately north of the
Namibian bordex all its component rivers meander across flat, grassy floodplains. These are often underlain
by peat close to the drainage courses. Swathes of grassland that extend away from the rivers become
increasingly shrubby and woody (mainly with-called underground trees or geoxylic suffrutices) as elevations
rise. These grasslandse located mainly in the upper catchment, aaick probably maintained largely by
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frequent fires, and; in places; by hardpansvhich cause the upper soil layers to be saturated during wet
periods.

Six major source lakes have been identified in the uppermost catchment areas: the Cuito, Cuanavale, Limpulo,
Mbambi, Cunde and Calua lakes.
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Figurel7: Rivers and subatchments of the Cuando

The Cuando is the most natural, undisturbed and enigmatic river in southern Africa, perhaps in all of Africa. Its
lowermost reaches in Namibia, its inland delta (Nkasa Ruparo), and its terminal swamp (Linyaedivattar
Botswana, are known to tourists and many other people. Yet the entire Cuando catchment in Angola is remote
and familiar only to its residents. All of the catchment upstream of the Namibian border lies within Angola.

This is because the Zambian berduns along eastern edge of the Cuando. The river and its entire floodplain

thus lie in Angola, even though numerous Zambians have settled in villages along the eastern margins of the
floodplain and even on islands deep within the floodplain. There atg three significant towns on the

Cuando River: Cangamba and Rivungo in Angola, and Shangombo on the Zambian side opposite Rivungo. Lake
Saliakembo is the only major source lake currently known in the upper Cuando.

Perhaps the most unusual aspect of thea@do is its structure and hydrological functioning. Average flow
rates at Kongola (the only place along the entire river where water flows are measured) are 33.9 cubic
metres/second, which is equivalent to just over one billion cubic metres per yeatows 6f any significance
enter the Cuando below Kongola, thus all the water in the Cuando, as represented by thesedficumess
from Angola.

Of all the rivers in Angola, the Cuando has the most extensive abundance of macrophytes, which must be
supported by substantial nutrient supplies. But from where could these nutrients have come, given that soils
0§KNRdzZaK2dzi GKS / dzZl yR2Qa ONHOKendst likelyeklafnation is thaf (RS NII A f S 0 3
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minerals were derived from basaltic rocks upstream along the Cuando, Kembo, Cubangui and Cussivi Rivers
where there are outcrops of Calondo rocks (see pggén addition, other rich sources of nutrients may lie

west of the main Cuando, for example in areas along the Cueio and Lomba Rivers. This possibility is suggested
by the presence of alluvial diamonds along thasens, which might be derived from local kimberlites.
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Figurel8: Rivers and subatchments of the Zambezi west catchment

Although the Zambezi river system is normally and popularly associated with Zambia, its westenmeceatn

Angola is substantiahndprobably has, at least, dual significance for the downstream functioning of this great

river. First, the sandy highlands of the western Zambezi operate as a giant sponge that stores and gradually

releases steady flows into the major rivers, such as tlemapLunguéBungo and Luanguinga that later feed

the Zambeazi. It is important to assess these volumes to understand their total annual contribution to the upper
%BYoSTAZ +a Sttt ad GKS LINRLER2NIAZ2Yy& 27T tinfeSof tHeLJLIS NJ %l Y 6
year. These flows may be significant, especially during the dry season when water from Angola may do much

to support perennial wetlands along the Zambezi, such as the Barotse Floodplains.
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A second feature concerns the role of the western rivier contributing to the seasonal inundation of the

Bulozi Floodplains, when they become a massive and probably important breeding ground for the upper

% YoST AQa FTAAK LRLMzAZFGAZ2yad ¢iuddwakdaiesimpfugbradiNg Y& | f
fish within this flat nutrientrich expanse. Three source lakes have been identified in the Zambezi west

catchment: Lakes Tchanssengwe, Dala and Sapua.

Recharge and discharge

Comparatively little is known about mechanisms of recharge and dischatbe catchments. Water levels

and flows have only been measured at Rundu (for the Cubango), at Andara and Mohembo (for the Okavango

as it enters its Delta) and at Kongola (for the Cuatlog¢cent times Because no tributaries join the Cubango
downstream2 ¥ wdzy Rdz 2NJ I FGSNJ Ada O2y ¥t dzSyO0S sAGK GKS [/ dza 2
subtracting measures at Andara/Mohembo from those at Rundu. To our knowledge, no flow measurements
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It is far to assumehat riversin the upper Cubangare recharged rapidly by rainfall because rock surfaces are
exposed in places, and many of the soils are shallow and less permeable than in otheFlesasurges of

water are also apparent from the large seanal changes in discharge from this rivElie same assumption
cannot be made elsewherey in the other rivershowever. The deep, permeable soils throughout the rest of
the catchments (mainly Arenosols and Ferralsols) mean that all rain sinks intmtivedgonly to emerge later
as seepage into tributaries. How much later is unknown, as are variations in duration between rain and
recharge.

Likewise, we can only speculate about the mechanisms that produce seepage into tributaries. The image in
Figurel9 below shows the bottom and centre of a large amphithedike valley where loose sands have

slumped when and where water seeped out at the base of a slope. Erodiois particular slump has been
accelerated recently by the removal of plant cover by residents in Luena, but its shape, size and probably
functioning are equivalent to hundreds of similar extensive gullies that occur in the more elevated and incised
areasof the sandy upper catchments of the Cuito, Cuando and Zambezi. Most slumps are completely

vegetated, but examples of large recent gullies are to be seen at Lake Tchanssengwe (18.64 East, 12.42 South),
at 19.32 East, 11.80 South, and at 18.99 East, 1302#h. These recent slumps are likewise devoid of

vegetation, but in these cases as a result of natural slumping, erosion or landslides.

Figurel9. Slump and erosion gully at Luena (19.93 East, 11.78 South). The image was Magr2018,
showing upper levels of ground water saturation in 2018, 2013 and 2003. The top of the saturated zone is
about 60 metres below the surrounding plateau.
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What the slumps seem to reveal is seepage of water at a particular level, probably wiampan limits

groundwater from permeating deeper. Water is thus forced to move laterally and out of the ground, if and
where there is a slope. Presumably, the hardpan at the base of the gully is stable, and so the dark zones in
Figurel9indicate areas of wet or saturated soil. The upper limits of saturation vary from year to year, as seen

in images taken in 2003, 2013 and 2018. Between those years, the thiakritbsssaturated zone varied by
about 6 to 10 metres.

There are major differences in the volumes and timing of discharge between the Cubango, Cuito and Cuando.

For example, the Cuito supplies about 45% of all the water flowing into the Okavango Déltthewit

remaining 55% coming from the Cubango. However, these proportions vary during year. Thus, the Cubango
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Cubango.

The total annual discharge of 1.068 billion cubic metres by the Cuando is almost 4 times lower than that of the

R2dzof S GKS

iKS

/ dzA (2 Qa

/ dzA G2 Q&

Cuito. This is surprising because their catchments are similar in size amtkby-side, sharing much the
same upper topography, soils, rainfall and geomorphology. However, in the lower catchment areas their

structures differ greatly: the Cuito meanders across grassy floodplains that are seldom wider than one or two
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Evaporation and transpiration from the Cuando are therefprobably greater than from the Cuito, and this is
perhaps the best speculative explanation for the two rivers discharging different volumes by the time they
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flows along the Cubango and Cuito reach the southern border of Angola in April and May, respectively;
whereas the highest flows on the Cuando at Kongola are measured in July and August (

Figure20). On average, these annual trends hold true for the Cubango and Cuito in most years, but not for the
/| dzZ yR2 @ BovetB2 yéngsyikdeh tReS NI 6 f @
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year, suggesting that rainwater thatlf in the upper catchment during the previous summer may have taken

much of the year to reach Kongola. In other years, flows peaked towards the end of summer, perhaps as a
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result of local rains adding to river flows in the Kongola area.
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Figure20: Average discharges in cubic metres per second along the Cubango (at Rundu), the Cuito (at Dirico)

and Cuando (at Kongola). Note how Cubango flows vary much more than those of the Cuitg,imhichg
are much more variable than flows along the Cuando. Note the different scales efixies.yData kindly
supplied by the Hydrology Division, Ministry of Agriculture, Water & Forestry, Namibia.
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Figure2l: Discharges in cubicetres per second along the Cubango (at Rundu), the Cuito (at Dirico) and
Cuando (at Kongola) between 1981 and 2002. Note the different scales efties.yEach year runs from
January to December. Data kindly supplied by the Hydrology Division, Mifiidgyiculture, Water & Forestry,
Namibia.

Although the main Cubango, Cuito and Cuando rivers have many tributaries in their lower catchments, none of
these water courses deliver much, or any water. While rainfall is somewhat lower than in the upper
catchmaents, the water courses are dry mainly because of their soils and topography. Since all three lower
catchments are extremely flat and sandy (see p&jasd22), most rain must seep away and disappear into

deep aquifers, leaving little water to flow on the surface. Hydrological models need to be adjusted to account
for the vitual absence of recharge in these lower catchments.

Mixing water

For much of the time the Cubango/Cuito, Cuando and Zambezi are discrete bodies of water, but they connect

with each other when water levels are high. For instance, the Selinda Chann¢hér®&avango Delta and

GKS /dzr yR2Qa [AyelyldAr {6FYLASP® 2FGSNIAY GKS %l YOoSTA alL
along the Chobe River and Bukalo Channel into Lake Liambezi and then into Linyanti Swamps. The flows can be
reversed so that Okavgo, Cuito and Cuando water makes its way into the Zambezi. Flood water in the

Cuando and Okavango Delta can flow into the Mababe Depression, or water from the Okavango and Cuito may

fill Lake Ngami or reach Lake Xau and the Makgadikgadi Pans down ttieCBatenel.
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Figure22: The complex of interconnected wetlands formed from flows down the Okavango, Cuito, Cuando and
Zambezi Rivers in norrastern Namibia and northern Botswana. The Cuando is sometimes described as a
tributary of the Zambezi, but Cuando water only rarelwfidar enough through the Linyanti Swamps, Lake
Liambezi, the Chobe Swamps and River, ultimately to reach the Zambezi. Equally, Okavango water may reach
the Linyanti through the Selinda Spillway or, conversely, Cuando water may flow west along the Bpillway

the Okavango Delta. High water conditions which permit these connections have been recorded sporadically in
recent years, such as in the early and late 1960s and again between 2008 and 2012. But river flows have also
been very low. For example, Ldkambezi and Lake Ngami were dry between the early 1980s and 2004.

Water chemistry

Expeditions of the National Geograpt&avango Wilderness Project collected water quality measurements at
daily stops during May to June 2017 on the Cubango River, agdduly 2018 on the Cuando River. In
addition, measurements were taken in May 2018 in lakes at the sources of the Cuito and Cuanavale Rivers.

Total dissolved solids (TDS), salinity and conductivity are similar parameters of water quality, largelyngneasur

the dissolved salt or ion content of water. Unsurprisingly, the three measures varied in similar ways along the
Cuando. The lowest levels were close to the sources of the Cuando and Kembo, while the highest values were
downstream in the lower catchmerairea of the Cuando and close to Zambia. Similar trends were observed

along the Cubango, but with two exceptions. First, levels of salts and dissolved solids between the uppermost
and middle reaches of the river rose more rapidly than along the Cuandon&devels also declined

somewhat in the middle reaches south of Cuvango town, perhaps as a result of the diluting effects of water
added by the Cacuchi, Cuelei, Cuebe and Cuatir Rivers. All these rivers largely drain sandy substrates (similar to
those ofthe Cuando (and Cuito) and their waters are thus also likely to carry fewer salts and dissolved solids.

35



Specific conductivity

0-10
10- 20
20 - 30
30 - 40
40- 71

Cuito source,
Cachiungo \

3 L\T\:ale source

Kembo R. _

HH

cubango R. 71
Tempue

Figure23. Measures of water conductivity (shown here as Specific Conductivity) along the Cubango varied
between 8 and 441S/cm, and along the Cuando between 4 and 70 uS/cm. Distilled water typically has
conductivity levels of less than 3 uS/cm, whereas tap water generally exceeds 50 uS/cm. Data kindly supplied
by National Geographi©kavango Wilderness Project
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Figure24. Salinity is measured in PSUs, short for Practical Salinity Units, which are approximately equivalent to
parts per thousand. The lowest levels were about 0.002 and the highest about 15 times higher at 0.03. Even
these higher sality values are low compared to those in many freshwaters, and are about 1,500 times lower
than in sea water. Data kindly supplied by National GeograPkivango Wilderness Project
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Figure25. Total dissolved solids (TDS) measure of all the ion particles smaller than 0.0002 cm in the water.
Unlike salinity and conductivity, TDS levels include dissolved organic qatie as hydrocarbons and urea.
These derivatives of organic processes may be associated with waste watdlution, but are also products

of plant decomposition in reed beds and peat etc. TDS values are expressed in ppt (parts per thousand) which
are equivalent to milligrams/1000 per litre of water. The lowest TDS values (0.005 ppt) measured in the
Cubanggs SNB |G Ada &2dz2NOS ySENJ/ KAOFELF /K2t 2KFy3aFZ | yR
with the Cuito. Equivalent values ranged between 0.003 ppt in the source lakes and at the sources of the
Kembo and Cuando to 0.046 south of Rivungo oiCtiendo. All these values are typical of those found in very
fresh or almost distilled watehftps://www.fondriest.com/envionmentatmeasurements/parameters/water
quality/conductivitysalinity-tds/#cond9. Data kindly supplied by National Geograpbkavango Wilderness

Project
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Figure26. Measurements of dissolved oxygen reflect the volume ofofkggen dissolved in the water. This is

oxygen as a molecule, and not oxygen chemically bound to other elements, such as the oxygen tied to hydrogen

in water molecules. This map depicts values of dissolved oxygen measured as a percentage of possible

saturation concentrations. While oxygen saturation levels varied little along the Cubango, generally exceeding

90%, there were major fluctuations along the Cuando and Kembo. Low saturation levels were measured close

to the sources, but down the river, percentagese rapidly to above 90% before progressively dropping again

to less than 70% along parts of the river dominated by broad floodplains of phragmites reeds. Why oxygen

f S@PSta aKz2dzZ R NARAS FyR FlLtf a2 YdzOKuppliddbyNatiodak S / dzt Y R2 ¢
GeographigOkavango Wilderness Project
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Figure27. pH levels were close to neutral in the uppermost stretches of the Cubango (the sensor for pH then
ceased to function for the remainder of that expeditioffater in the upper reaches of the Cuando and Kembo
and in the Cuito and Cuanavale source lakes was extremely acidic, with pH readings often below 5.5.
Thereafter, pH levels rose gradually to reach more neutral figures of between 6.5 and 7.5. Dataigjpitty s

by National Geographi©kavango Wilderness Project

Soils in the headwaters of the Cuando (and doubtless the Cuito, Zambezi and even the Cuebe, Cuelei and
Cuatir) are acidic in having low base cation contents, which is true in most partsesmsitin Angola (see
page22).

Gradients

The profiles of the Cuito and Cuando rivers are similar. They, and their respective upstream sistethirers
Cuanavale andembog flow in parallel, from comparable elevations and with similar gradients until their
confluences. While several other tributaries coming off similar elevations join the Cuando, only the Longa River
later joins the Cuito. Interestingly, the Longadats major feeders the Luassinga and Cuiriri) and the Cuito

and Cuanavale all originate from similar elevations. And it is at these elevations that the Cuatir and Cuebe
begin their courses before joining the Cubango. All these rivers come from, anly ftms across very sandy
substrates.

Within approximately 300 kilometres of their sources, the Cuito and Cuando drop about 210 and 250 metres
respectively. By contrast, the Cubango and its associated parallel rivers (the Cuchi and Cutato Nganguela) drop
about 400 metres over thefirst 300 kilometres.

These three rivers then flatten out, adopting more gradual flows and lower gradients. Thus, ilashag0
kilometres before reaching the southern border of Angola, the Cubango falls about 100 metr&€yyith 90
metres and the Cuando only 70 metres. In other words, water in the Cuando falls only 23 centimetres per
kilometre, or 0.23 millimetres per metre!
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Figure28: Elevational profiles of rivers of the Cubango, Cuito@umando systems running from their sources
on the right to the southern border of Angola. Thaxis is the distance from the border to the sources, while
the y-axis is elevation metres above sea level.
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5. Biological resources

The division of the catchmenisto upper and lower zones was designed to focus on differences in their
hydrological functioning. The upper catchments, together with the Zambezi west area, are on higher ground,
with more topographical relief and higher rainfall than the flatter, drieddower catchment areas to the

south. Most river flow is expected from the northern, upper catchments, while in the south, the rivers function
more as linear oases.

As may be expected, these zones correspond with quite different vegetation types and Tohgarpper

catchments are dominated by miombo woodland and forest, while open deciduous savannah characterises the
lower catchments. Large, hot, dry season fires burn much of the lower catchments every year, while fires in
the upper zones are smaller, efequent and intense, and normally do not penetrate the dense miombo.

"Luena

Bl 5skizea-Surkea-Woodlands (dense)
B Eakisca-Burkea-Woodlands (open)
| Mixed Burkea-Woodlands (with Terminalia sericea)
Burkea-Baphia-shrublands

Il Viombo Forest dominated by Julbemardia paniculata
B Miombo Forest dominated by deciduous tree species
Bl Miombo Forest wih C i ssp.

Wl Open shrublande on sandy soils
I Parinari capensis grasslands (on humid solis)

Forest grassland ecotone (with Cryplosepalum maraviense)
BN Sparse shrubland, feids or urban areas

I Thombush savannah
B Vixed (includ c mum mopane)
Open and degraded wood'ands (on sandy sois)

N Wet grassiands and peatiands
= flocded and
Cr m g (on ferralitic soils)

lucusso

Dirico

Figure29. Vegetation types in the catchments of the Cubango and Cuito Rivers (adapted from &tedlines
2013a and Revermaret al.2018).

Vegetation types

Broadly speaking, vegetation in the Angolan catchments can be separated into areas dominated by grasslands
and trees. The grasslands are typically in areas that are satugatekbast sporadically by flood waters or

rainwater trapped on hardpans jubelow the surface. Grasslands in the densely populated raektern

part of the Cubango catchment have probably evolved as a result of several reasons: from being saturated by

43



rain or flood waters; as a result of emergent woody plants being killed éwffifrost; or from clearing for
crops.

Trees in this area are indeed confined to those with underground growth forms, knogeoaglic suffrutices
Locally, these grasslarmbvered underground forests are calledgote Some large areas ohgote
dominated by the colourful suffrute€ryptosepalum maravienseover the sides of valleys in the upper
Cubango.

Woodlands are divided between those known as miombo in the northern half of the area and the southern
mix of savannahs and shrublands. A vgrigf Brachystegiaspecies,Julbernadia panicuta andCryptosepalum
exfoliatuscharacterise miombo, while the southern savannahs are dominatedgldiliaea plurijuga, Burkea
africana, Erythrophleum africanum, Terminalia seriaed Baphia massaiensihesavannahs are sometimes
called Kalahari Woodlands or BurkBaikiaea woodlands.

B Shrub- and grasslands .

I Wetlands . \ »
Woodlands on Kalahari Sand Cuangar *._ o

I Urban "\

Figure30. Vegetation structure in the catchments (adapted from Stellmes (2013a) and data from
https://earthenginepartners.appspot.com/scien2813globatorest/download_v1.2.htm{Hanseret al.
(2013)).

The southern savannahs are extremely variable and pafeigye29), for reasons that are seldom evident.
However, local variation in soil properties probably causes much of the patchiness, especially where different
hardpans determine the degree and frequency of upper soil layers being saturated after heavy or prolonged
rains. Fire also plays a major role in favouring or impeding the growth of certain species and growth forms. For
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example, many of the savannahs would probably have taller and denser tree cover if intense fires were less
frequent (see pagd9).

Major rivers of the Zambezi broaden towards the east, opening into deltas as they reach into the Bulozi
Floodplain Figure30). Miombo woodlands grow on the deep sands elevated above the grassy, wet
floodplains.Figure30 also shows how much natureégetation cover has been cleared for short bouts of
farming.

Figure31 demonstrates that plant production is highest in the upper catchments, particularly in miombo
woodland or forest in the Zambezi west areBy contrast, plant production is relatively low in the river valleys
and floodplains, in the grass and shrublands of the northern upper Cubango, in areas cleared for crops, and in
large patches in the lower teghments.

Cachiungo

I rime

Figure31. Average Enhanced Vegetation Index (EVI) between 2000 and 2012. EVI is a measure of the average
amount of green cover or plant canopy co\&rom Africa Soil Information Service (AfSIS;
http://www.africasoils.net/data/datasets?page=1. Resolution is 250 m).

1ltis often hard to decide if these are forests or woodlands. Many areas are obviously densely forested while others,an®@pen
savannaHike. Separating and mapping the two is technically not viable at the scales used here. And the terms hagedoviithicare,
since their meanings are loaded; forest suggesting habitats of greater value, complexity and diversity than woodlaratapfer ex
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Forest or woodland loss

Large areas of woodland or forest are cleared each year to plant dryland crops, mainly manioc, maize or millet.
The fields are typically used for a few years (seldom more than 5) before being abandoned. They are seldom
used again. For example, only 3% lodadoned fields in soutkastern Angola were used again during the

ensuing 20 years (Schneilmlal. 2016). The same study, which covered a large block that includes Chitembo,
Cuchi and Menongue, found that 5.6% of all forested land was cleared betw&&nab@ 2013.

The distribution and extent of clearing between 2001 and 2017 is showigine32 for all the catchment

areas, and in more detail for the norliest ard north-eastern areas in Figures 5 and 6, respectively. Most
clearing occurred in the upper catchments, while clearing in the southern areas was concentrated mainly along
the Cubango and Cuando rivers. Some areas shown as cleared in remote areas whpaepievive were due

to intense fires destroying the tree cover.

Years of woodland loss

2001-2005

2006-2009
B 2010-2013
B 2014-2017

Rivungo

Figure32. Areas which were wooded or forested in 2000 and from which all tree cover was lost between 2001
and 2017 (fromhttp://earthenginepartners.appspot.com/scien@d13-globakforest).

Figure33 and Figure34 shows thatmuch of the clearing occurs along major roads where people choose to
settleto benefit from the access to roadside markets and transport. This is particularly evident along the main
roads connecting Luena and Lumbala Nguimbo, and the road running north and south of Chitembo. Another
striking impact on settlement and clearing isthof the road between Cuvango and Cachiungo. This runs along
the watershed between the Cubango and Cutato Nganguela, and this is where many villages have been
established. By contrast, there is no parallel rgaahd few people; on the parallel watershetietween the

Cutato Nganguela and Cuchi rivers.

46


http://earthenginepartners.appspot.com/science-2013-global-forest

Another pattern visible ifrigure33 and Figure34is the concentration of clearing in concentric rings around
major urban centres, such as Luena, Cuchi, Chitembo and Menongue. The concentric rings are oldest in the
centre, since it is in these areas closest to the towns that figkele cleared first. As the towns and their peri
urban populations grew, so the clearing for farms moved progressively outward onto virgin soil. Images in
Schneibekt al. 2016 show the concentric expansion of clearings more cledrigleed spectacularlg than
doesFigure33.

Commercial logging for high quality timber has escalated during the past 5 or 6 years. Most of the timber is
from Angolan rosewoo&uibourtiacoleospermand Angolan tealterocarpus angolensisarvested in the

lower catchments. The logging has elicited considerable protest and commentary, and tens of thousands of
large trees must have certainly been harvested. However, it is hard to assessvinenmental consequences

of the logging. Certainly the selective removal of trees of a particular type and size seems less damaging than
the wholesale removal of all plants for fields or the killing of trees and other plants by bush fires. Curiously,
few if any concerns are ever raised about fires and land clearing in-sastiern Angola.

Years of woodland loss

2001-2005
2006-2009
B zo10-2013
W 0142017

Chitembo

Figure33. Areas in the nortlwest which were wooded or forested in 2000 and from which all tree cover was
lost between 2001 and 2017 (fromitp://earthenginepartners.appspot.com/scien@®13globalforest).
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Years of woodland loss

2001-2005
B z006-2009
B 0102013
B z014-2017

Figure34. Areas in the norteast which were wooded or forested in 2000 amif which all tree cover was
lost between 2001 and 2017 (from http://earthenginepartners.appspot.com/sci2ft&globaltforest).

Fire frequency and intensity

The majority of burning is in August and September. Fires in the southern, lower catchmemscréarger,

and more frequent and intense than those in the miombo woodlands of the upper catchment (Stellmes et al
2013a; Mendelsohn 2019). Fires are usually set by people, and only rarely in October are fires ignited by
lightning.

Most fires sweep froneast to west across the southern landscape. They are largely fuelled by dry grass and
shrubs, leaf litter and dead wood. Much of the dead wood is from trees that burned and were killed
previously. Their demise is progressive over several years, eaclufiied off more and more of their trunks
until they finally die and fall oveMendelsohn & el Obei@005).

In the northern upper catchments, fires are normally confined to the grassy river valleys and to patches of
open shrub and tree savannah. Occasitnatrong winds fan fires to such an extent that they rage through
the miombo canopy, often killing the trees in the process. Peat beds sometimes burn (Stllahe®)13a),

and smoulder over long periods (pers. obs.). Comparing the upper catchmesdsarfie more frequent in the
Cuando than in areas around the other rivargy(re35).
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Fires are also frequent in the far northern areas of the Cubango catchment, particularly in the uppermost parts
of the Cubango and Cuchi rivers and downstream along these and the parallel Cutato Nganguela and Cacuchi
rivers. Observations suggest that calesiable quantities of ash are washed into the rivers, but the impacts of

ash on increased turbidity and other features of water quality are not known.

Along the same rivers in the upper Cubango are large reed beds, predominantly of phragmites, thrazigh whi
the rivers meander. It is likely that the reeds filter out suspended and dissolved solids, but this filtering and
cleaning is probably impeded when the reeds burn, which they do in many, if not most years.

Years burnt

Cachiungo J\

B WG

Calai

Figure35. The numbeof years in which burns occurred from 2000 to 2010 (i.e. 11 years).
From Archibald et al. (2010). Original data in 500 metre pixels, and data available at
http://wamis.meraka.org.za/poducts/firefrequencymap.

Itis likely that tree cover in the southern savannahs has been reduced considerably by frequent, hot fires.
Similar effects have been observed in the same savannahs in Namibia just south of the lower Cuando where
fires have pogressively killed and cleared mature trees over decades from large areas of the Bwabwata
National Park (Mendelsohn & el Obeid 2005) and in Bicuar National Park in Huila province, Angola
(Mendelsohn & Mendelsohn in press). The trees concerned were nirkga africana, Pterocarpus

angolensis and Baikiaea plurijugand they have been replaced by dense shrubland dominateégbiphia
massaiensis, Terminalia sericea, Bauhp@gersianaand other shrubs.
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Animal populations

Knowledge of animals in the cattlents is sketchy, and generally thin. However, two recent sets of field work
have collected substantial volumes of new information. The first is a survey of carnivores and other large
mammals conducted by Panthera in 2015 and 2016 in Mavinga and Lukdguna National Parks. The survey
recorded the presence of animals using camera traps, spoor on roads and information provided by local
residents.

A synthesis of the relative presence of large herbivores and carnivores shows that the diversity of species
increases southward={gure36). The increase is substantial, rising from 0 to 10 species over a distance of less
than 300 kilometres. Levels of persecution are probably similar across this gradient, and so the changes in
diversity are likely due to factors other than disturbance or hunting. Likewise, the changes are probably not
due to land degradation (which is similar across the gradiesgeFigure29) or burning (which is more

frequent and intense in the speciegh southg seeFigure35).
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Figure36. The number of1llarge carnivore and herbivore species predicted to occur across Maridga
Luengueluiana National Parks (from Funston et al. 2017).

The increased density and diversity of large mammals towards the south may rather be a consequence of a
general northto-south increase in nutrient levels and productivity. Such a possibility and tendency is
suggested by parallel increases in sightings ofdeting birds along the Cubango, Cuito, Cuanavale and
Cuando riversKigure37). The birds comprise cormorants, darters, several species of herons, fish eagles and
several species of piscivorous kingfishers.

These observations along rivers come from several Natioeagiaphic Okavango Wilderness Project surveys
during the past 4 years. Apart from the results of surveys along and down the rivers, much information on
animals has been collected in the Cuando and Cuito upper catchments, and to a lesser degree in tlz¢ Zambe
west area and upper Cubango. While animal densities are low, largely as a result of the nutrient poor status of
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these habitats, a considerable diversity of mammals, birds, reptiles, amphibians and fish has been documented
in the wetlands (rivers and saee lakes) and miombo woodland of the Cuito and Cuando upper catchments.
These include such iconic animals as lions, elephants, wild dogs, cheetahs and leopards, and considerable

numbers of antelope that survive despite the pressures of bush meat hunting.
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Figure37. The locations of sightings of piscivorous birds during surveys along the Cubango River in 2017, Cuito
in 2015, Cuanavale in 2016, and Cuando in 2018. All the surveys were between May and September each year.

Fisheaters included herons, fish eagles, cormorants, darters and piscivorous kingfishers. The data were
collected and kindly made available by the National Geographic Okavango Wilderness Project.
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6. Peopleand socieeconomic conditions irsouth-eastern Angola

Livelhoods in soutkeastern Angola are divided between those in urban and rural areas. Residents in towns
function in a cash economy, the majority engaged in informal trade and services, and public services. Cash also
forms much of the income of peurban resdents and rural residents who live close to major trunk roads

where they sell vegetables, charcoal and bush meat.

Away from towns and trade routes, residents subsist largely in a food and bartering economy. Many of those
in very remote areas have no casitomes, while others have meagre incomes from the sale of a few
commodities. Rural populations are generally sparsely distributed, most people being clustered in small,
widely spread village$-{gure38).

In summary, cash underpins the economy in and near towns and major roads, but it is less a feature the
further away people live from markets and services. This is true for revenue d@odky needs. Much less is
known about capital needs. Some cattle, goats, pigs and poultry are kept, very largely to serve as savings or
security by rural residents in the western areas of the catchment zone. Livestock ownership decreases to the
east and north, where manyperhaps mat ¢ families have little more than some chickens. The area
immediately across the Cubango River in Namibia is something of an exception because residents often keep
cattle, many of which belong to Namibian relatives.

Toour knowledge, nothing is known abbother capital resources, although access to family and other social
networks are certain to be valuable. How these differ between desigblished rural networks and those
formed by recent urban immigrants needs to be understood. Likewise, there iscatoeinderstand linkages
between family members in rural and urban households, especially how those in rural areas increasingly
benefit from goods and remittances supplied by their urban relatives.

This account is based largely on observations during fiigls and aerial surveys of the catchment areas in
south-eastern Angola; useful ideas and information provided by numerous informants; and study of high
resolution satellite images. Other information came from Costa (2018), Mendelsohn & Weber (2016) and
Mendelsohn & Mendelsohn (In press).

Patterns of distribution and economic activity

Approximately 2.7 million people now live in the catchments of the Cubango, Cuito, Cuando and western
Zambezi within Angola. This is based on the mapping of householdsllageés described in Appendix 1.

The distribution and density of people in sotghastern Angola vary considerably. Among the catchment zones,
the upper Cubango has the highest numbers and over half (54%) of all the people in the region. The Western
Zambeztatchment also has large numbers of people, especially in and around Luena. About 32% of the whole
catchment population is in Zambezi West. By contrast, the other catchments have rather small populations, as
shown in Table.

Table2: The number and percentage of people living in each catchment zone.

Zone People Percentage
Cubango upper 1,466,942 54.0%
Cubango lower 85,956 3.2%
Cuito lower 25,054 0.9%
Cuito upper 89,018 3.3%
Cuando lower 125,452 4.6%
Cuando upper 62,008 2.3%
Western Zambezi 861,510 31.7%
Total 2,715,940 100.0%

Source: mapping of households and villages in high resolution images (0.5 metre/pixel) taken between 2016 and 2018
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Figure38. The locations of all households in tegchments.

Rural people live mainly in villages, each being a collection of households. Small villages consist of closely
related families, while relationships are more diverse in bigger settlements. The number of small shops and
churches in each village proportional to its size, and the largest villages have schools and perhaps a clinic.
There are some exceptions to families being aggregated in villages. The first is along the north bank of the
Cubango River as it runs along the Namibian border. Mespie here keep significant numbers of cattle and
the homes are thus spread out, as is the case with -pgisioralists elsewhere in Angola and Namibia. The
second exception is among fishing communities who live along rivers on the margins of the Batiaiio

Why they choose to live in greater isolation is not known.

The patterns and characteristics of how people are distributed across the region are described in the following
five categories.

1. Urban centresThe highest densities are in towns, atiktis where most families now live. Thus 57% of all
households are in urban areas, the remaining 43% in rural afBas.two biggest towns or cities are Luena
and Menongue. Population estimates for them and other large towns are as follows:

2 These figures are affected by the criteria used to define urban and rural areas. For purposes of tbisgmgjegations of houses
classified as urban were known administrative and/or commercial centres, and villages having more than 500 households.
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Table3: Population estimates for the biggest towns in the catchments in seasitern Angola for 2017 or
2018.

City or town Number of people
Luena 549,360
Menongue 280,458
Chinguar 42,306
Lumbala Nguimbo 39,678
Chitembo 39,264
Cachiungo 38,862
Cuito Cuanavale 22,332
Cuvango 17,064
Cuchi 13,332
Leua 10,554
Chicala Cholohanga 10,056

Source: mapping of households and villages in high resolution images (0.5 metre/pixel) taken between 2016 and 2018

Other smaller towns include Mavinggéangamba, Rivungo, Longa, Cuanguar, Caiundo, Savate, Chinhama,
Licua, Mucusso, Nankova, Rito and Dirico, for example. While they are small, many of these towns are locally
significant as the only administrative and commercial centres serving large sumgunudal areas.

Most urban residents live in low income, often informal houses in areas with few services. Potable, piped
water is seldom available. Neither is solid waste removal, sewage systems, electricity or formal tenure. Roads
are generally in poarepair. Formal housing is limited to the old colonial centres of the towns and to newly

built mass housing developments on the outskirts of towns. Nearby rivers are used by the majority of residents
to wash their clothes, bedding and themselves. The effettchemical contamination and risks of disease in

the rivers have seemingly not been documented or published.

2. Perurban, broad concentrations around major towerabrace the many people in relatively dense

populated swathes surrounding the largestmas. These zones are particularly evident around Menongue,
Cuito Cuanavale, Rivungo, Cuvango, Chitembo, and the three towns of Chicala Cholohanga, Cachiungo and
Chinguar. Rather than being urban residents, these are rural families that settled nearbyglaséd¢o markets

and services in urban areas.

Some family members work and trade in the urban areas while others work ontsohdithgs to produce
crops for themselves, and to sell in towns. These-pdran residents also collect and sell firewood, chitk
homemade liquor and bush meat in towns.

3. Linear settlements along roaddany rural homes are concentrated along certain trade and transport
routes where there is substantial traffic of potential customers to buy local produce, and also transport to
nearby urban centres. Such linear swathes are to be seen on the CuCangimCuchiMenongue axis, as
well as around the major road running immediately south and along the Namibian b&iderg38).

4. Linear settlements along riveRrimarily for reasons of access to permanent supplies of water, most rural
residents in more remote areas live along rivers. Gleysols and Fluvisol soils alongside rivers alstieffer be
fertility for crops than the poor soils that predominate away from drainage lines.

Curiously, villages in the upper Cubango catchment are located on high ground quite some distance from the
rivers where residents fetch water every day. Why they dbmald their homes closer to water is not clear.
Elsewhere in the region, most people live closer to the water, their villages spread 1likb@long major

rivers, such as the Cuando, Lomba, Cubia, Utembo, and Luengue rivers in Cuando Cubangoead the b
rivers near the Bulozi Floodplains, such as the LuRuego, Luanguinga, Luio and Mussuma rivers. About 370
households are on islands within the broad floodplain of the Cuando River where their owners live in isolated
circumstances.
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5. Scattered Viges in sparsely populated area® home to the relatively few people who live in isolated

households or tiny villages in remote areas of the Zazntwest catchment and the lower Cubango, Cuito and

Cuando sultatchments. Many of those in the lower saatchments are 'Xun and Khoe hurvigatherers.

Urban migration and growth

It is clear that urban populations are increasing rapidly, as demonstratéoebgnnual growth rates in the
sizes and/or populations of several towns and cities.

Table4: Annual rates of growth or increase in the sizes of residential areas and/or the number of houses in

various towns in the catchment areas.

Town Years comparec  Annual rate of change Type of measuremen
Calai 20042018 11% Area
Chinguar 20022016 8% Area
Chitembo 20022016 10% Area
Cuchi 2011-2016 6% Area
Cuito 20022018 9% Area
Cuvango 20052016 12% Area
Luena 20032013 16% Area
Luena 20032013 14% Houses
Luena 20032016 12% Houses
Luena 20032018 13% Area
Luena 2011-2018 11% Area
Lumeje 20022014 16% Area
Menongue 20032018 13% Area
Menongue 20132018 7% Houses

Source: mapping of households and villages in high resolatages (0.5 metre/pixel) taken between 2004 and 2018

Growth rates were normally above 10% per year, a rate at which towns would double in size every 7 years.
Luena grew most rapidly, increasing 3.6 times over 10 years from 13,937 houses in 2003 to 49,900 in 2013.
Now in 2018, Luena has an estimated 91,560g&tholds.

The highest growth rates appeared to be in the biggest cities, while smaller towns, especially those in more
remote areas away from major transport and trade routes seemed to grow at a slower pace. However, high
resolution images were not avalilke for most small, more remote towns to assess this trend more accurately.

Accounts by many residents in Moxico suggest that the very high rates of urban growth in Luena, Lumeje and
other Moxico towns were driven by the large number of people returnioghfexile once the civil war ended

in 2002. Other, more moderate growth in Moxico and elsewhere was, however, led by aspirations to have
access to cash incomes and services.

Rural livelihoods:

Rural people spend much of their time producing food for doneestistenance or sale. While the former is
almost always a main occupation, time and effort spent on the latter varies according to what can be sold and
proximity to markets.

As discussed in the account of soils, crop production in seasitern Angola isot easy. The great majority of
soils are extremely deficient in nutrients, and can hold little water. Many of the soils are also acidic.
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Much of the land degradation and poverty in the catchments is a direct consequence of the poor soil. Soll
conditionsrequire virgin woodland to be cleared periodically to create new fields since nutrients are normally
exhausted (i.e. mined) after a few years of cultivation. Fields that have been abandoned are seldom reused,
and so the clearing of new fields is a continagrocess, leaving more and more of the region denuded of
woodland and forest. Yields and food production are limited by the poor soils, and surpluses are usually stored
to survive possible future shortages, rather than being sold. Inadequate nutritguitsan high mortality

rates, small populations, little economic activity differentiation, few potential customers, and low purchasing
power. Furthermore, social grants are seldom available to people in rural areas.

Manioc, sweet potatoes, maize and leilare the dominant staples. Millet is the main crop in the sqatbse

to the Namibian border where rainfall is lower than elsewhere. Maize, together with smaller quantities of

millet, sorghum and manioc, is most abundant in the west and nextkt. Elswhere, especially in high

rainfall areas, manioc is the main creppplementedwith sweet potatoes and maize. Melons and beans are

often inter-cropped with cereals. People living on islands in the Cuando River mainly grow maize, bananas and
sweet potatoes

All these staples are for domestic consumption.r@eafields on Gleysol soils in the northern parts of the
Cubango catchment, most rural residents grow a variety of vegetables, green maize and sugar cane which is
sold at nearby roadsideand urban markts. This production is very largely geared to generate incomes.

Other important sources of income are dried fish, honey (in miombo woodlands), bush meat, chickens, goats
and cattle (along the Namibian border), charcoal, and traditional liquor. In ceatass, fair amounts of
dryland staple produce are sold, such as maize, melons, beans and millet.

Production tasks are often divided between men and women. For example, men produce charcoal to sell along
roads, while women collect firewood with which to doat home. Likewise, men harvest and sell honey and
bush meat, while crop production and collecting water is largely the preserve of women.

The great majority of households obtain their water from open sources throughout the catchments. These are
normallyrivers and streams, but shallow wellsooften provide water, especially in towns and areas away
from perennial water courses.

Soil conditions have always limited household welfare, but a lack of access to cash incomes is an additional and
growing hardslp as people seek to move away from a dependence on food subsistence and to benefit from
purchased commodities. Access to cash explains much of the variance in wealth. Families with the means to
pay for clothes, motorcycle taxi fares, oil and salt, sclfieed, medicines and celbrtelephones are at a
AAAYATFAOLIY G R@FyGFE3IS O2YLI NBR (2 GK2asS 6K2 R2yQi:x

Financial resources are particularly limiting in most rural areas where residents either have little to sell or have
limited access to buyerw markets. Increasingly, every effort is made to obtain money and it is that impetus
which drives people to towns (especially young people eager for modern living conditions and amenities).
People who remain living in rural areas are more and more coeghé&l harvest any natural resources that

may have financial value. In summary, two variables determine relative wealth: (a) the availability of potential
goods to sell and (b) the presence of incentives or markets to produce and sell the goods. Botargbods
incentives are rare in many parts of sotghstern Angola.

Most land in soutkeastern Angola is formally owned by the state, while local residents have rights to its use.
There are, however, no effective limits on use, either in terms of who may heererights or in the quantity

of resources that can be used, such as how much grazing, timber, water, land for cultivation, bush meat or fish
is allowed. The same conditions of open access and maximisation of use hold in the two large national parks:
Mavinga and Luengue Luiana National Parks.
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Demographic features

As far as is known, no systematic and reliable information is available on demographic rates. However, several
features of rural populations are clear: high fertility, infant and child mortalitgt immigration rates.

Polygamy is widespread as a traditional practice and as a response to the skewed sex ratio caused by high war
time male mortality. Mortality and fertility rates are lower in urban areas, where levels of education, health

care and emfmyment are considerably higher.

Services

The Angolan government has spent substantially on infrastructure in recent years. Perhaps proportionally
more has been spent in the soutastern areas than elsewhere to compensate for past circumstances. This
ard Kl & t2y3 0SSy O2ya8ARSNBR (2 0S5 wr&adAdfi@dnuRdpl a GKS
and it was severely disrupted by the civil war and hostilities related to the Namibian liberation war.
Substantial numbers of schools, health fa@htirailway stations, new airports, police stations and offices for
government departments have been constructed throughout the region. Many schools, health facilities and
other infrastructure have not been equipped or staffed, however. The railway sewiceng from

Mocamedes (on the coast) to Lubango and Menongue has been reinstated, several major roads have been
refurbished and tarred. But transport across the region is hampered by the poor condition of some major
trunk routes, especially Ondjiva to iGado, Katwitwi to Caiundo, Cuito to Luena, and Cuito Cuanavale to
Rivungo and south to Luiana.

Administration

The catchments of soutB  a G SNy ! y32t+ FlLft Ayidi2 c 2westthgchet | Qa wmy
Huambo, Huila, Bié, Cunene, Moxicml&Cuando Cubango, which is the only province that lies entirely within

the catchments. The capitals of the provinces are Huambo, Lubango, Cuito, Ondjiva, Luena and Menongue,
respectively.

Provinces are divided intmunicipios Their names and administraé centres are shown iRigure39. And
municipiosare divided into comunas, which are the lowest levels of formal governance. Traditional governance
is not prominenti Angola. There are few tribal chiefs, and tribes do not have the same prominence or identity
often seen in other southern African countries. However, at local levels thersohi@s(headmen) and
regedoriagsenior headmen) who receive stipends from thats.
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Figure39. Administrative areas in the catchments of seatistern Angola
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7. Environmental losses and challenges

This chapter provides a synthesis of major existing and potential environmental pressures in theastetin
Angola catchments. It is useful to distinguish the proximate or immediate drivers from those that have
ultimate, longerterm or indirect effectsFor example, pollution occurs when people wash in river waters, but

is ultimately caused by the fact that many people are attracted to live alongside those rivers. Proximate factors
generally cause environmental losses, while ultimataditionsdrive the proximate factorghat lead to losses.

Environmental
pressures

Recent woodland
clearing

-

River contamination
from urban centres

River contamination
from large farms

Burning by frequent
intense fires

Population density
(people/sq km)

less than 1

1-2

2-3

more than 3

Figure40. Areas in which environmental pressures are concentrated and most severe in the Cubango, Cuito,
Cuando and Zambezi west catchments.
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Areas and causes of major degradation

The mgor proximate and spatially identifiable causes of environmental degradation are the clearing of
woodlands or forests for fields, the destruction of natural vegetation by large, frequent and intense fires, and
the pollution of rivers by urban residents amdlustry. It is also likely that some rivers are, or can be
contaminated by pesticides and fertilisers applied to large agricultural projects, as well as fish farms. Pressures
from fires and the clearing of land have been increasing over many decadeslient with population

growth, while problems of river contamination are probably more recent.

Figure40 shows the distribution of concentrations of these existing and/or likely environmental problems.
Several additional pressures are severe in areas where rural residents are most concetitetest of wood

for domestic building, fencing and fuel, and the harvesting of small mammals, birds and fish for domestic
consumption. Charcoal is also produced here, but only in significant quantities along major roads frequently
travelled by large truckdMost large mammals were exterminated long ago from these densely populated
areas.

Soil erosion was identified (in the form of erosion gullies seen in satellite images) as a serious problem in the
northernmost parts of the upper Cubango (see pa@g That upper area of the Cubango is quite distinct from

other parts of the catchments because it is so densely populated by rural residents (s€&3pdgalso has

three major towns (Chicala Cholohanga, Cachiungo and Chinguar), as well as two large, nearby cities (Cuito and
Huambo). The area also has a longer history of faaed woodland clearing, settling by smhblders, and

farming than other parts of soutkast Angola.

After so much clearing, little natural woodland has been left to clear in recent yieiansé40). And some
areas in the far norttwest were probably always devoid of trees as a result of frost, fire and soil saturation
(see pageld). The lack of woodland, intense farming by srhalders and the frequent fires create conditions
that lead to the accumulation of eroded soil and ash in the four large rivers of the upper Cubango.

This is almost certainly the reason why river water in the upper reaches is relatively murky (s@&¥péige

also probable that many suspended and dissohaitls are later removed by dense phragmites reed beds.
However, their filtering services may be impeded when the reed beds burn, as they do in most years. For the
future, studies are needed to document the exact sources and levels of upstream river caatiamiand the

roles of the phragmites in cleaning rivers downstream.

Figure40focuses on Angola, but the nearby presence of similar and perhaps exacerbating pressures alongside
the Cubango River in Namibia should be noted. The most serious of these is waste fromea afiomban

centres and agricultural chemicals from several large irrigation schemes. Likewise, impacts from the riverside
town of Shangombo, opposite Rivungo, on the east bank of the Cuando River should be considered.

Other kinds of degradation within Aot are hard to depict on a map. The harvesting of larger mammals,

some birds and fish, either to be eaten or to be sold, occurs widely but unevenly. Fishing happens mainly in the
lower reaches of the rivers, while large mammals or bush meat is harvestadas sparsely populated by

people, for example in the upper catchments of the Cuito, Cuando and the western Zambezi, as well in the
Cuebe catchment upstream of Menongue, and in areas of the lower Cubango, Cuito and Cuando.

Figure40 shows the location of stretches of rivers which may be polluted by large nearby towns. These are all
reasonably substantial urban centres, but there are many other, smaller towns whigiproduce the same

kinds of river contaminationA recent study by CETAC (2017) indicates that places used for washing by local
villagers are often contaminated.

The loss of woodland to clearing and burning are arguably separate processes. Howevegrthg ofe

woodlands also opens them up to fire damage, especially where there are large contiguous areas of
abandoned fields overgrown with combustible plant material. Fires in such lightly wooded areas will spread
easily and rapidly, and are often intengleus limiting the regrowth of the natural woodland. Ecological
succession towards the restoration of the original woodland will require decades. Repeated burning slows the
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regeneration of trees and reforestation of old field areas. And very hot fireklifiedds and more natural
settings can kill off trees on the margins of woodlands and forests, thus progressively reducing the extent of
wooded areas over time.

Research on these and other factors leading to added fire damage is needed. There is also a question of why
certain broad floodplains burn frequently while others that look structurally similar, seldom burn. Examples of
the latter are the Cuebe upstream bfenongue, and the lower Cuito. The fact that they do not burn may be
associated with water table depth, which keeps the grass green and moist, thus delaying the spread of fire.
The same kind of question relates to sections of floodplains that burn much frequently than others.

In addition to vegetation damage, bush fires cause the loss of certain soil nutrients, especially where they are
frequent and/or intense. Nitrogen, phosphorus and organic carbon are commonly lost. Much lower nutrient
levels werefound in soils beneath open woodland near Savate, than in adjacent forest (Walleatfahg

2015). The open areas were burnt often and intensely, while the forested areas seldom burned (Stelines
2013). Moreover, the loss of organic carbon and defent soil microorganisms impedes mineralization
processes that restore nutrients.

It should be noted that there may be differences in the effects of fires, depending on their intensity. Thus,
cooler fires may accelerate the release of nutrients from phaatter into the soil (Jaiet al. 2008).

Environmental pressure zones

Most urban centres, and densely settled rural areas which are being cleared of woodland, are along major
trade and transport routes linking parts of soutlastern Angola from north teouth or east to westHigure

41). Additional routes and zones of degradation are likely to develop when new roads are constructed, for
example between Cuito Cuanagand Rivungo and through Shangombo to Zambia, and from Chiume south to
Rivungo and Namibta.

With the exception of the upper Cubango, most of the existing and potential axes of severe environmental
pressure are within fairly confined areas, which leawegd areas of the upper Cuito and Cuando, and the
western Zambezi and its lower catchments, relatively free of widespread settlement and deforestation. Of
concern are the consequences of a trade route being developed between Luena, Rivungo and Nantibia. Tha
might lead to major developments and an influx of people, especially in and around the rather pristine Cuando
River.

3 Interestingly Brachystegia bakerianmay reduce such effects on miombo woodland. The trees grow commamy &rest edges
where they apparently inhibit the growth of combustible grass and other plants, and therefore the intensity of fires (persona
observation).

4 There are rumours of an intended SADC trade route to link the DRC and Namibia from LuaD@€ therder) to Luena, Chiume and
Rundu.
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Figure4l. Major existing and potential trade routes in and out of catchments of the Cubango, Cuito, Cuando
and western Zambezi.

Underlying drivers of degradation

The single most important condition responsible for much of the environmental degradation in-sastirn
Angola is the poor quality of soils. Poor soil quality is also the root cause of most poverty

As a result of the low yields produced by poor soils in se@atstern Angola (Asanzi et al. 2006; Ucuassapi &
Dias 2006; Wallenfang et al. 2015), admput/low-output production strategy is adopted in dryland

I ANX Odzf G dzNB & Wt NIh Additiofal inpyts) Sighiad feitfiisers or bakpédi8esinputs, are
therefore lacking, and farmers are obliged to clear new ground once the nutrients in their active fields have
been mined. This occurs without exception, since nutrients are not négiied, nor is the pH or acidity of the
soil corrected through fertilisation. Only in periodically floodaedg or colluvial §mbandg fields are there
some nutrient inflows. The extent of degradation increases progressively because supplies of natgents
depleted rapidly (within 2 or 3 years normally), and replenished very slowly (especially phosphorus), and
because trees are slow to regenerate on nutrigiefficient soils.

Low yields also mean that farmers seldom have surpluses to sell. In anyieieptudent and preferable to

keep surpluses for own use, for when food shortages occur during bad seasons. Low yields, poor nutrition and
ensuing mortality (mostly infant and child) limits population sizes, and restricts social and economic
differentiation. As a result, few people have the means to buy surpluses or other goods that might be for sale.
Under such circumstances a cash economy cannot develop. There may be enough to eat, but little or no cash
to earn.
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Foodbased economies may have been vidbleg ago. But nowadays everyone needs access to cash, and it is
for this reason that rural residents in sou#fastern Angola go to such lengths to sell goods that have cash
value. Those sold most commonly are charcoal, bush meat, honey and fish. Sdraseoéite exploited to an
extent that is not sustainable. People in any particular area are faced with two challenges: to find and harvest
marketable goods, and to reach customers. Life in many areas is constrained by one or both of these
challenges.

Thesepervasivecircumstances drive most of the environmental degradation and poverty in seagkern

Angola. Fortunately, they have been overcotnesome extenin certain areas, most encouragingly along

major roads and close to urban centres. This is wisere counts: the busier the road and the bigger the town,
the greater the market opportunities for local residents. And where profits are adequate, farmers have
incentives to invest in measures that increase yields and production. Such conditions halezlesmabH

holders to become producers of vegetables and other durable crops, especially around major towns (such as
Menongue and Luena) and along the major trade route that traverses the uppermost reaches of the Cubango
catchment. Other goods such as poltry, firewood, fruits and even goods from other placgshich may

have only marginal value elsewhere, become profitable in such areas.

The opportunities provided by markets have encouraged people from remote areas to move closer or into
towns, or to sette near busy roads. These movements have several benefits. Pressures on areas left vacant by
migrants, are reduced, potentially decreasing the extent of land degradation and hunting of wildlife. In their
new homes, immigrants enjoy access to incomes angation, health and other services which they lacked
before. However, it is evident that bonds with rural families are often maintained to a greater or lesser extent.
This facilitates the movement of natural products harvested elsewhere to urban cente® wiey provide

cash to urban relatives

While there are benefits that accrue from the concentration of people, there are also costs. Pressures on all
natural resources increase greatly near large towns and busy roads, and rivers are usually contaminated.
Methods are needed to manage these challenges, as well as to restore features that have been lost, such as
woodlands, pastures and soils. Foremost, however, is the need to develop the economies of urban-and peri
urban areas, and to encourage further movemeeaway from areas where people will become trapped in
perpetual poverty, exacerbated by the progressive degradation of the environment. For that reason,
government should concentrate major investments in especially designed clusters, where it idcepsieide

and manage public services and infrastructumed where people have access to money and markets.

Three other recommendations might be considered. The first is to establish procedural systesmisas(tocal
headmen) to control the setting dires and the clearing of land for new fields. Second is to encourage
livestockproduction(active farming andhe sale of livestoclkes commodiies), which is to be distinguished

from existing livestockeeping(practicesthat treat livestock as capital,oh commodities). That will supply

additional incomes to rural areas. Thirdly, wealthy citizens must be encouraged to protect and manage large
areas of natural, pristine woodland and riverine areas for the {mmm benefit of the country. In conjunction

with such protection, they should rebuild wildlife populations, develop tourism resources, thus fostering
YEGA2y Lt LINARS Ay !y32tl Qa 2dziadl yRAy3It e o6SI dzi A Fdz
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8. Knowledge gaps

The quantity and quality of information on the river catchmehés increased substantially in recent years.

The same is true of our understanding of processes, pressures, opportunities and challenges. However, more
information and clearer interpretations are needed on many aspects, of which the following now seem
important;

Circumstances in the uppermost, nortvestern areas of the Cubango catchment.

This is the most densely populated, intensively farmed and urbanised part of-eastlrn Angola. Much of

the area consists of grasslands and geoxylic communitiesasses and underground woody plants. Little

natural woodland remains in the area. Several questions need to be answered, such as: was this area
previously wooded; if so, how much has been cleared and how much was always open grassland; and what
factors mairtain this grassland and/or limit the growth of woodland? Answers to these and similar questions
are needed before other, more practical questions can be tackled, for instance: what impacts have changes in
land use and cover had on the functioning and wafeality of the Cubango, Cuito, Cuchi and Cacuchi rivers? If
hydrological processes have been degraded, what areas are most important to restore? What restoration
measures are needed?

The upper catchment is clearly an economic magnet, and its further al@wvent should be encouraged to

help draw rural people away from areas where they will remain poor and continue to clear forests and
woodland. And so, how can economic development be promoted in ways that minimize environmental losses
in that upper catchmenarea?

Role and functioning of phragmites reed bedsnrers ofthe upper Cubango

Probably as a result of clearing and intense use, considerable amounts of soil and ash are seemingly washed
into these rivers in their uppermost reaches. It also seemsiptessthat much of the soil, ash and perhaps

other material is then removed by dense phragmites reed beds downstream. If so, their filtering services may
be impeded when the reed beds burn, as they do in most years.

Among several questions: what are thmusces and levels of river contamination, what are their impacts on
the rivers, what roles do the reed beds play in maintaining clean rivers, and what impacts does burning have
on the reed beds?

Water abstraction and quality

It is generally believed thdittle water is abstracted from rivers in soutfast Angola, since there are few
large-scale irrigation farms, no hydslectricity schemes and few urban water supplies. However, no
guantitative information is available to assess that belief. Likewisg gissumed that significant water
abstraction on the Namibian side of the Cubango/Okavango River is limited to several major irrigation
schemes. Yet, a casual survey in 2017 found dozens of other pipedaffitdes along that river (OWRat.
Geo Surveypersonal communication).

The same circumstances hold true for water quality. Most rivers normally look very clear and clean, and so we
assume that levels of contamination are low, and remain that way. Yet, comprehensive quantitative

information for riversacross soutkeastern Angola is absent. Moreover, there are indeed strong suspicions and
some evidence that some waters may indeed be badly polluted (CETAC 2017) around villages and downstream
of major urban centres.
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In the absence of good information orater offtake and quality, it is wetligh impossible to assess the added
or cumulative impact of any new developments. There is also no method of monitoring changes in offtake or
contamination. Filling these information gaps and implementing monitoringhaeisms are major priorities.

The hydrology of the western Zambezi

It seems clear that rivers in the western Zambezi in Angola contribute significant volumes of water to the
annual flooding of the Bulozi and Barotse floodplains, as well as to the entiageg Zambezi. But what are
the quantities and fluctuations in these flows? That is not known.

It is also reasonable to assume that the sandy catchments and rivers of the western Zambezi provide steady
supplies of water during the dry season when otheers of the Zambezi system in Zambia are low. Those
western rivers may therefore play crucial roles in maintaining perennial components of the Bulozi and Barotse
floodplains and others downstream. Information on those roles should be acquired.

The hydrolay of the western and eastern subatchments of the Cubango

The Cubango is divided into two quite separate groups of rivers. The first group is to the west and farthest
north. From here, the Cubango, Cutato Nganguela, Cuchi and Cacuchi rivers flow sdstipaeallel to each
other and down gradients steeper than anywhere else in saastern Angola. Their levels and discharges rise
and fall in fairly quick response to rainfall, and it is from these four rivers that most floodwaters downstream
and in the @avango Delta come.

To the east are five other rivers: the Cuelei, Cuebe, Cueio, Cuatir and Luatuta. They largely drain sandy
substrates, and their flows are generally slower and probably vary less during the year than those of the
western group. The cheistry of the eastern rivers probably differs as well, in all likelihood being more acidic
but also cleaner with lower TDS and conductivity levels than in the Cubango and its associated rivers.

The two groups of rivers probably provide complementary siggpdf water: fast, episodic, and rockier,
probably with more minerals from the west; but cleaner, slower and more stable from the sandier eastern
areas. The nature and implications of these complementary roles need to be assessed.

Relationships betweenainfall and discharge

The sandy catchments of the eastern Cubango rivers, the Cuito, Cuando and western Zambezi all appear to
provide steady, slow flows of very clear, clean water. This is seemingly all a result of rainwater percolating
through, and beindiltered by deep layers of inert quartz (i.e. sand) before seeping into the rivers and their
tributaries. What is not known is how long it takes for rain water to find its way into river water?

Does it take weeks, months or years? How do recharge ratgsnean one area to another, and what factors
cause the variation? How might changes in rainfall affect recharges and discharges? These questions require
answers to provide a clear understanding of the spolig functioning of the massive ridge of samét has

come to be called the Okavang@@ambezi Water Tower.

Answers to these questions should lead to another: what happens to all the water that does not find its way
into river flow? The volumes of water beneath the sands of this part of the Kalahami &agd or should be
enormous. Where are they, can they be tapped, how might they serve people? The same thinking contributed
to the recent discovery on a massive fresh water aquifer straddling the border between Cunene province in
Angola and Ohangwenag®n in Namibigsee
https://www.bgr.bund.de/EN/Themen/Wasser/Projekte/laufend/TZ/Namibia/ceb_fb_en.html).
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Effects of fire

Field observations on the Namibian side of the border of the lower Cuando catchment show that large, intense
and frequent fires havéed to, and continue to cause substantial losses of woodland, much of it tall, mature,
slow-growing hardwood species. The trees are killed by fires, regeneration and new growth is prevented by
recurrent fires, and the affected areas become dense stantd. Savannah grassland is likewise lost in the
process.

The same kind of large, hot fires burn in most years across much of the three lower catchments in Angola, and
it is likely that similar damage to woodlands and grasslands is incurred. That possilailitg be investigated

andc¢ if found to be correct; urgent steps should be taken to control burning over this very large expanse of
savannah. Several other questions related to fires are discussed in the chapter on biological resources.

Movements from wral to urban areas

It is clear that settlement patterns, livelihoods and aspirations are changing rapidly insastrn Angola.

The changes are doubtless mostly for the good, in reducing poverty and dependence on natural resources that
are slow or unkely to regenerate, and in providing incomes that allow people to participate in the economy of
the 215 Century. How can these changes and improvements be encouraged, accelerated, and how can costs
be minimized? Indeed, what are the major costs, and wéet where are they most severe?
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9. Synthesin catchments in soutkeastern Angola

This is a compilation of information and understanding about the Angolan catchments of four major rivers: the
Cubango, Cuito, Cuando and western Zamldggu(e42). The first three rivers flow into, and no further than
Namibia and Botswana, while rivers of the western Zambezi join Zambian tributaries to form the Zambez

its way to the Indian Ocean in Mozambique.

Importantly, rivers flowing from these catchments contribute the great majority of water that sustains and
drives production in three major, wordthmous wetlands: the Barotse Floodplains, Linyanti Swamps and
Okavango Delta. Similarly, large parts of the Bulozi Floodplains are inundated by water froreastetim
Angola. The Bulozi is probably the largest ephemeral wetland in Africa.

......

Linyanti

Lake Liambezi
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Figure42: The catchments of rivers flowing thgluKAZA

Soils

Together with soils in the Lunda provinces and Moxico, most soils in-sastern Angola are poaymuch

poorer than those elsewhere in the country. This is because they are less fertile, hold less water and are more
acidic than other soildt is, above all, the nature of the soils that is responsible for the relative paucity of

people and wildlife in soutleastern Angola; for limited yields, for requiring farmers to clear fields every few
years; and for impeding the regrowth of abandoneslds. Together, these features contribute to high levels

of poverty, limited social and economic differentiation and the need for rural residents to harvest and sell
charcoal, fish, bush meat and honey. And ultimately, it is because of sastern Angol2d &2 Af a G KI G
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water is so clean and flows so slowly, and that the river catchments have remained in such pristine condition.
Going forward, the future of the region and its people can only rest profitably in domains that acknowledge
the limits and opions afforded by soil conditions.

While soils in soutteast Angola generally support limited production, small patches that are better suited to
farming occur in places, especially in the uppermost reaches of the math Cubango catchment. Likewise,
sails in some areas are much poorer, in particular those that are heavily leached and depleted in the sandy
upper catchments of the other rivers.

Rivers

The great majority of water in the Cubango, Cuito and Cuando comes from their upper catchmentstlevith li
water being added in the lower catchments below about $&6uth. The western Zambezi likewise gets much
of its water from its upper catchment, although heavy seasonal rains in the Bulozi Floodplains may add large
volumes to the Zambezi before it esrts Zambia.

Discharges from most parts of the upper catchments are slow and steady, almost all river water emerging
months after rain has fallen and the water has filtered through many metres of sand. Seasonal changes in
these rivers are modest and graduahd much of the upper catchment functions as a giant sponge of sand
that slowly releases the supplies of water which go on to sustainngeard flows in downstream wetlands.

The discharges of four major rivers in the Cubango catchment are an excefese are the Cubango, tato
NganguelaCuchi and Cacuchi. Their flows are quite rapid, and rise and drop in quick response to changes in
rainfall. It is these four rivers that produce most flooding of ephemeral and seasonal floodplains and therefore
the production of new plant and animal life along rivers downstream and in the Okavango Delta. Their
relatively episodic, catalytic contributions therefore complement the more gradual flows other rivers (mainly
the Cuito, Cuelei, Cuebe, Cueio and Cuatir) #fet feed the Okavango Delta.

Nothing is known about seasonal or annual changes in rivers of the western Zambezi. Likewise, there is no
comparative information on volumes of water delivered down these rivers, the biggest of which are the
LungueBungo, L, Luena, Mussuma and Luanguinga.

The adjoining upper catchments of the Cuito and Cuando have very similar extents, elevations, soils,

vegetation and rainfall. Yet, by the time these rivers exit Angola, the Cuito carries about 4 times more water

thanthe @z yR2® | fA1Sfe SELXIFYLFGA2Y A& (GKIFIG YdzOK 2F GKS |
SO LRGN YALIANIGA2y FTNRY GKS NAOSNDA ONRIFIR FE22RLI FAY
probably supported by nutrients produced by bdsallong certain stretches of its major tributaries. Such

nutrient sources are largely absent elsewhere in seedistern Angola.

Water in all the rivers is normally clear and clean, being largely devoid of nutrients, dissolved solids, organic

matter, suspeded and bedload sediments. However, these compounds are increasingly abundant

downstream, but nowhere do any of the rivers become naturally muddy or severely contaminated. Unlike the

more neutral pHs of water in the nortestern rivers of the Cubango@iS NJ ¢ G SNJ Ay G KS / dzZ yR?2
sandy catchments is extremely acidic, but downstream, it gradually becomes more neutral.

Biological resources

Most of the catchments are tree covered, largely in miombo woodlands or forests in the upper zones, and in
open savannassometimes called Kalahari Woodlands or BurBedkiaea woodlandsin the lower

catchments. Grasslands and sedges dominate the msagid floodplains of rivers, while drier grasslands and
underground geoxylic trees and shrubs grow in open areas above and away from drainage lines. These
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communities of grasses and underground woody plants are probably formed by various factors: iieggilar f
frost, soils being saturated as a result of underlying hardpan, and clearing for crops.

Such open grasslands and geoxylic woody communities cover the gentle hills of thevestéin uppermost
reaches of the Cubango catchment, creating an open habitlike anything elsewhere in soudastern

Angola. How much or what parts of that open habitat is natural or formed by human activity is not known.
However, of late, more substantial and probably unusual quantities of soil and ash may be washed into the
I NS Qad NAJSNH O

Plant production is highest in the upper catchments, particularly in miombo woodland or forest in the Zambezi
west area. By contrast, plant production is relatively low in the river valleys and floodplains, in the grass and
geoxylic commutiies of the northern upper Cubango, in areas cleared for crops, and in large parts of the
lower catchments

Most natural vegetation has been lost to clearing for fields, in particular along major truck and trade routes,
around large towns and in the norwest of the Cubango catchment. New fields are cleared regularly and
frequently, normally after 2 or 3 years of cultivation, and they are then seldom used again.

It is likely that large areas of open woodland and perhaps forest in the lower catchmentbémvelegraded

into shrubland by intense, large and frequent fires set by people, and which burn mainly in August and
September. Logging for hardwood timber has increased rapidly in recent years, and its environmental impacts
are hard to assess, but theyeacertainly far less severe than those due to shifting agriculture and bush fires.

Wildlife densities are very low in most of the catchments, mainly because of the low nutrient value of forage.
However, small numbers of large, iconic mammals occur, arid dieasities increase from north to south in

the Cuando catchment, and probably also elsewhere. Numbers egéishg birds similarly increase from the
northern upstream reaches of the Cubango, Cuito and Cuando to their southern, lower reaches. Thise tren
probably reflect changes in the supply of nutrients across seastern Angola.

People and soci@conomic features

People and livelihoods in souttastern Angola are divided between those in urban and rural areas. Urban
populations have grown rapidiy recent years, doubling in size in different towns over periods ranging
between 6 and 13 years. Rural populations are generally sparsely distributed, most people being clustered in
widely spread villages, each home to a few hundred people.

Approximately2.7 million people now live in soutlastern Angola. Over half (54%) live in the upper Cubango
catchment and almost a third (31.7%) in the western Zambezi catchment. The other catchment zones are each
home to less than 5% of all residents in this areAmjola.

People in towns function in a cash economy, the majority engaged in informal trade and services. To a lesser
and varying degree, the same is true for petiban and rural residents living close to major roads. By contrast,
rural people spend muchfaheir time producing food for domestic sustenance or to sell. While the former is
almost always a main occupation, time and effort spent on the latter varies according to what can be sold.
Dryland yields of staples are low; normally less than 700 kihog@er hectare. Manioc, sweet potatoes, maize
and millet are the dominant staples.

Onnacafields in the northern parts of the Cubango catchment and around large towns, most rural residents
grow a variety of vegetables, green maize and sugar cane whsoldigt nearby roadsidsand urban markets.
Dried fish, honey (in miombo woodlands), bush meat, chickens, goats and cattle (along the Namibian border)
charcoal, traditional liquor and some dryland staple produce (along certain roads) generate smallsncome
elsewhere.

Much of the land degradation and poverty in the catchments is a direct consequence of soil conditions which
require shifting cultivation and limit food production. Occasional surplus harvests are normally stored to
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overcome possible future shiages rather than being sold. Inadequate nutrition contributes to high mortality
rates, small populations, little economic activity differentiation, few potential customers and low purchasing
power.

Financial resources are particularly limiting in masat areas where residents have either little to sell or

limited access to buyers. Increasingly, every effort is made to obtain money for modern living conditions and
amenities this being the main impetus for urban migrants. Those who remain in ruras aesincreasingly
compelled to harvest any natural resources that may have financial value. In short, rural environments offer
some food security but limited income security.

The catchmentsofsoutB I a G SNy ! y32ft FI £t Ay énbo,tluil@ Bié, Cufiehe f | Q&
Moxico and Cuando Cubango. The provinces are further divided into municipios, which are then further
divided into comunas, the smallest unit of formal administration. More local, traditional governance comes
from headmen gobas ad regedorswho receive stipends from the state. Most land in scatistern Angola is
formally owned by the state, while local residents have rights to its use. There are, however, no effective limits
on use, either in terms of who may have user rightsnahe quantity of resources that can be used. The same
conditions of open access and resource use largely hold in the two large national parks: Mavihgearague

Luiana National Parks.

Environmental pressures
Four major processes lead to environmerdabradation in soutkeastern Angola:

I The clearing of woodland and forest and mining of soil nutrients for short periods of crop farming.

1 The setting of frequent, large and often intense bush fires that lead to the loss of woodlands and
certain soil nutriets, particularly in the lower catchments.

1 Soil erosion in certain areas.

I The contamination of river water in and around large towns

Areas in which these pressures are most prevalent are showigire40. Additional pressures come from the
harvesting of bush meat, timber, fish and charcoal, but these are not easy to map. Some of their impacts are
also harder to imagine or assess.

Most urban centres, and rural areas iwh are densely settled and being cleared of woodland, are along major
trade and transport routes linking parts of soetlastern Angola from north to south or east to weBigure

41). Additional zones of degradation may develop when new roads are built, for example between Cuito
Cuanavale and Rivungo and through Shangombo to Zambia, and from Chiume south to Rivungo and Namibia.
The latter development along the relaélly pristine Cuando River will be a major concern.

With the exception of the upper Cubango, most of the existing and potential axes of severe environmental
pressure are within fairly confined areas, which leave large areas of the upper Cuito and Cuastdm we
Zambezi and lower catchments relatively free of widespread settlement and deforestation.

Noting that by far the greatest volumes of water flow from the upper catchments of the Cubango, Cuito,
Cuando and western Zambezi, conservation efforts to piotiee hydrological functioning of these catchments

will be of major value. The upper catchments of the Cuito, Cuando, Zambezi and eastern tributaries of the
Cubango (Cuelei, Cuebe, Cueio and Cuatir) are relatively pristine. This is unlike the westago Guba

catchment where the Cubango, Cutato Nganguela, Cuchi and Cacuchi rivers flow through large areas that have
been degraded by dense settlement, intense farming,exaision and water contamination (Figure)46iere,

priority attention should be giveto preventing further degradation, and to restoring natural vegetation, soll
qualities and hydrological processes.
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Such special attention on the western Cubango is necessary if these rivers are to continue to drive and
maintain the productivity of downiseam floodplains along the Cubango River and in the Okavango Delta.
None of the other rivers flowing from souttastern Angola can perform that function.

10. Perspectives on food production in Angola, and its south
eastern river catchments

This brief review aims to assess levels of demand and supply for certain major crops; to identify geographic
areas suited to the production of significant volumes of food; and to offer perspectives on how agriculture is
conducted: at what scale, where, lhom, what for, and with what investments. In addition, food production
Ay |y 32 fedst@ra catctmariisfof the Cubango, Cuito, Cuando and Zambezi rivers is described.

The crops discussed are maize and rice (cereals), soybeans (legumes), cassayatateestand potatoes

ONR20G& YR (dzoSNAROS YSIFG o0OFGGES FyR 32F0a0- yR O27FFS8
ecological conditions are present, where crops can be cultivated irrespective of the scale of production, and

where the bulk ohational production can be concentrated.

This information provides a background to guide the development of agriculture in the catchments of the
Cubango, Cuito, Cuando and Zambezi rivers in Angola. Many people assume that the catchments are well
suited toagriculture. Development is needed to redress a perceived neglect sasgtern Angola. Large areas
of sparsely populated, undeveloped land are available, as well as river water for irrigation. Agricultural
planners, politicians and investors thereforeesgpportunities to develop massive agricultural schemes in the
catchments to produce the large amounts of food that Angola needs.

An absence of reliable data is a major challenge for a review of this nature. However, a good source of
information is the CN(CConselho Nacional de Carregaddreghich has provided reliable data on licenced food
imports that enter the country through the seaports. Regrettably, data on food products that come by road,
from neighbouring nations, are not available. Comprehensata dn food produced in Angola is also lacking.
As a result, knowledge is often inadequate concerning:

1) Areas of major crops under cultivation

2) The productivity of different farming systems

3) The total production volumes of different crops within Angola

4) Numbed 2F W&dzoaAadiSyOSQ IyR O2YYSNOALFE FIFENYSNERSZ | yF
5) Numbers of families dependent on crop farming or cattle farming/keeping

6) And critically: to what extent is Angola food sslifficient?

It should be clear that while some data provide measuifethe volumes of food needed (and thus imported,
atleastbysegseeTablé0 = A G NBYIAy&d KIEINR G2 laasSaa !'y3azftl Qa SEI

Table5: The most important food imports entering Angola via seaports, measured in tons, during the years
2013, 2014 and 2015.

Product 2013 2014 2015

5 This review is based on our experiences and observations throughout Angola, but specifically in areas where staplepcooiosede
commercially. That work was conducted for a lasgale production programme faereals and vegetables in the productive Quibala
region (KS46 funded by the Angola Development Bank). This programme can provide useful lessons on the viability antitgusitainab
largescale investments, lessons which can usefully be applied to dewelat similar models envisaged for sotghstern Angola.
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Wheat flour 506,125 519,982 484,088

Maize flour 185,584 225,267 194,306
Rice 441,966 474,748 463,109
Maize(grain) No data 37,073 54,000
Sugar 367,827 462,219 287,633
Frozen chicken 316,016 503,830 384,177
Pork (frozen) 57,261 34,291 No data
Beef (frozen) 51,929 15,914 No data
Frozen meat products (nen No data
muscular) 37,274 19,173

Eggs 17,861 7,578 Nodata
Palm oil 253,135 291,715 166,490
Soya oil 76,814 75,113 197,478
Beans and other dry legumes 59,280 71,908 52,004
Canned tomato products 44,771 24,571 24,707
TOTAL 2,415,843 2,763,382 2,307,992

Source: Conselho Nacional de Carregadores

Major crops

Maize
Table6: Estimated requirements for maize and its substitutes per year, in Ahgola.

Area needed (hectares) based on possi

Uses of maize Tons of maize .
yield of 4 tons/hectares

Feed for 400,000 tons of chicker

. 636,000 159,000
(nowimported as frozen food)*
To feed 2,500,000 laying hens* 97,000 24,250
Needed fgr flour for human 1,500,000 375,000
consumption**
Need_ed as a barley substitute fo 50,000 12,500
brewing
Total 2,283,000 570,750

* Because 636,000 toref maize would be needed to raise 400,000 tons of chicken, which has now been imported. For laying hens, the
assumed requirement is 84 grams of maize/day for a population of 2.5 million of layers.
** Assuming 25 million Angolans each consume 40 kg of rfafze? dzNJ& ddqkrigedr. W

Maize has particular strategic value because of its substantial demand and multiple uses. There are significant
differences between the main maize producing areas in terms of the types of farming, degrees of
intensificationand capital investment. The differences concern both inputs and-pastest production. The

three major zones and types of farming are:

6 These data were compiled by Antonio Martins, Luanda
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1. Large commercial companies along the Lucala/Cacuso axis

Small, medium and large farms along the Quibala/Waco Kungo axis

3. Peasant and small commercial farms in northern Huila (Matala, Quipungo, Caluquembe) and the
central Plateau (Chinguar, Cachiungo, Bailundo, Caala, Huambo and Bié, etc).

~

Figures in Tablgindicate that Angola is extremely dependent on maize imports, wietbr direct

consumption or in the form of products which require maize for production (of beer, frozen chicken and eggs).
However, it is also clear that production within Angola can be increased substantially. Yields of 4 ton/hectare
of rainfed maize ca be achieved on commercial farms. With irrigation, 11 tons/hectare is an attainable yield,
yet the average productivity of the biggest irrigation scheme in Angola peaks até@ns per hectare. This

scheme at Kibala (Cuanza Sul) has 41 centre pivattotal of 2,000 hectares.

Good yields can be achieved after lengthy processes of trial and error, using a proper irrigation calendar and
applying the right fertilizers in adequate quantities, at appropriate times, in the crop cycle. This requires
experierce and expert knowledge of the local soils and climate. The costs of irrigated production are high and
competent management is required for the operation and maintenance of equipment. Formulas applied in
one region cannot simply be applied elsewhere.

A vaiety of support services and technical assistance is required to support maize production, especially
among smalland mediumscale commercial farmers. The following are examples of measures to improve
productivity: postharvest support services; mecharipa for sowing, tillage, clearing, threshing and spraying;
and support to acquire proper fertilizers and certified seed.

Soybeans

Soybeans are the most important source of protein for domestic animal production, especially for egg, chicken
and even pig prduction.

Table7: Estimated requirements for soya and its substitutes per year in Angola.

Area needed (hectares) based on possible

Uses of soya Tons of soya
y y yield of 2 tons/hectares

Feed for chicken (now imported

e frozerfond) 300,000 150,000
Iﬁiéigsiﬁoo’ooo laying 27,700 13,8500
Soya oil imports** 595,000 297,500
Total 922,700 461,350

* This amount is considered consumption because of 300,000 tons of soya would be required to raise the 400,0@hickendathat are
now imported. To feed 2.5 million laying hens 27,700 tons of soya oil are required.

** 505,000 tons of soya are needed to produce 100,000 tons of soya oil, currently imported. Note that of 1 ton of soyb#aiss, 7
processed into starch fanimal food, and the remaining 25% into (mainly) oil for human consumption.

Domestic soybean production is largely confined to the Quibala/Waday 32 |+ EA& | yR A& Of SI NY & Ay&adzZFTAOASY
requirements.

Cassava
Cassava and maize are the staple foods in the northern regions of Angola. Despite its importance, only two
large farms (Mandiokq Zaire and CAM Malanje) are known to produce cassava on a combined area of

7 These data were compiled by Antonio Martins, Luanda
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about 1,000 hectares. Both farms sell their prodwas processed cassduba (flour) orfarinha musseque
(roasted flour). Traditional production by peasant farmers is greatest in Cuanza Norte, Uige, northern Cuanza
Sul and Malanje provinces.

The introduction of varieties with shorter growing cycles aesistance to mosaic virus disease would increase
production. Cassava growing would benefit from a network of local suppliers of improved seed material and
services for planting, harvesting, fermentation, drying and milling.

Rice

Angola imports an averagkb0,000 tons of rice per year. Historically most rice has been produced in Bié and
some parts of Moxico province. Publifnded state schemes have produced some rice, such as those at
Gesterrag Sanza Pombo in Uige, and the Longa Farm in Cuando Cubi&ege.are also two private farms
dedicated to rice production, but each with less than 200 hectares under cultivation.

Robusta coffee

Angola probably produces about 3,000 tons (peeled and polished) of Robusta coffee per year, of which
approximately 1,500 tons is exported. The best quality and highly valuable Robusta for export purposes is the
WIYO2AY (@LSQ LINRRdzOSR Ay /[ dzl yT I {dz o

Produers are concentrated in Gabela and Calulo municipalities (for the Amboim type), where there is a mix of
traditional, smaHl and mediumscale commercial growers. Both municipios offer good potential for the
increased production of Robusta coffee.

Arabica cdfee

The production of commercial Arabica coffee (peeled and polished) is low, perhaps no more than 80 tons per
year. However, the real figures are opaque and need confirmation in the field. Regions where production could
be expanded lie in an arc extendifrom Ganda to Nharea, including Cassongue and Andulo municipalities.

The highest potential for the expansion of production by traditional and mediinad commercial farmers is

in the areas between Andulo and Cassongue.

Measures to improve production ihale the provision of varieties resistant to fungi and technical support in
planting, shade management, fertilization, pest treatment and pruning; and the construction of drying yards
on small farms and posgtarvest centres.

Sweet potatoes

Sweet potatoes i a significant and substantial source of food due to their disease resistance and productive
potential in lowinput conditions. Although grown throughout the northern twtloirds of Angola, two areas

are best suited for expanded production. The first &thes across the provinces of Malanje, Cuanza Norte and
Bengo, while the second covers the provinces Cuanza Sul and Huambo.

Irish potatoes

Irish potatoes are a popular food in Angola, with an estimated 600,000 tons being consumed each year. It is
thought that less than half that amount is produced in Angola. Most production is in three zones: Quibala
Waco Kungo, HuambBié (central Planalto), and around Matala. Production in each of these zones can be
expanded, especially on small and medigoale farms.

Paato production would benefit from a greater availability of high quality seed. A seed production centre
somewhere near Huambo (in particular, Ecunha) would be close to the potato production zones in Cuanza Sul,
Huila and the central Planalto.

Beef

ltiso/f & Ll2aaAraotsS G2 3IFdzSaa !y3I2t1 Qa FyydzZ f NBAdANBYSyYy G -
where imported by ship. However, beef is also imported by road (from Namibia and South Africa) and

produced by industrial abattoirs, of which at leadtdzNJ ¢ SNBE Fdzy OG A2yl AY wHamTd LYT
provide most of the meat sold by informal markets. Although there might be as many as 2 million cattle in the
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country, most animals are kept as capital and are therefore not available for beef pradugtoreover,
productivity is hampered by multiple diseases, inadequate management and poor forage in many areas of the
country.

The production of beef could benefit from measures to improve water provision, vaccination services, pastures
and forage, androssbreeding between indigenous and imported stock to improve local herds. There is also a
need to encourage the commercial production of cattle for revenue.

Soil improvement

Although imported synthetic fertilizers cannot be totally replaced, it wouldéeeficial to establish some
mediumsized organic fertilizer production units (15,000 tons/month each). They could use such raw material
as poultry and livestock waste, agricultural limestone and vegetable matter compost (elephant grass, for
example). Sulidising the provision of agricultural limestone (for liming) is desirable, especially to supply grain
producers in certain areas, one reason being that the costs of transport now exceed the costs of the limestone
itself.

Zones where production could funter be developed on smalbnd mediumscale
farms
Table8: Areas in which the production of various commercial crops on existing amdinediumscale farms

could profitably be increased through the provision of technical assistdhe facilitation of the use of private
mechanization services and by supplying inputs,-pastesting services and facilitating commercialisation.

Province Municipio Main commercial crops
Cuanza Sul Quibala Cabbages, Irish potatoes, green peppengjze
WakoKungo Maize, soya, vegetables, dairy, poultry
Amboim Bananas, papayas, plantains, pineapples, coffee
Libolo Cassava, coffee
Huambo All municipios Horticulture (onions, Irish potatoes, cabbages, carrots), maize
Bié Chinguar Horticulture (onions, Irish potatoes, cabbages, carrots), maize
Huila Northern municipios Maize
Humpata Fruticulture, horticulture (potatoes, onions, cabbages)
Malanje Cacuso, Malanje Cassava, sweet potatoes
Bengo Dande E;Lij(t)irf:)lture (bananas, papayas, mangoegiticulture (leaf crops, tomatoes
Benguela Benguela and Baia Far E;lij(t)isg)lture (bananas, papayas, mangoes) horticulture (leaf crops, toma
Cunene Western municipios Cattle
Namibe Mocamedes Irrigated horticulture (tomatoes)
Uige Southern municipios Cassava, sweet potatoes, plantains
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Cuanza
Norte

Golungo Alto and
Cazengo

Cassava, sweet potatoes, fruticulture, coffee

Farming systems in Angola

Farming in Angola is broadly divided into that concerned with providing fooddimestic consumption (often
called peasant, subsistence or traditional farming), and commercial agriculture. The following distinctions can
be made within the commercial sector:

Smalt to mediumscale farms are characterised by:

their marketorientation, ®metimes with systems for transporting produce to urban markets.
some degree of mechanization to support agricultural operations.

some use of irrigation, by means of pump systems.

the general use of purchased, certified inputs (seeds, fertilizers, Es)cto maximise
production and income.

their location, usually close to markets or at least near major transport routes to markets and
urban centres.

il

il
f
il

Privately run large capitahtensive farms developed with funding from the private sector or public
banks, which are:

1

f
f
f

]

similar to mediumascale farms, but operate on a bigger scale with greater resources;
exclusively markebriented,;

normally produce crops that can be sold quickly;

located as close as possible to market, to minimise transportation costisdir
produce and inputs. Most such farms are near coastal centres;

maximize the use of equipment available, only replacing equipment when needed;
employ continuous processes of learning, adjustment and improvement;

Of a total of 27 such farms, 25 anerently functioning while 2 have stopped working.

Large farms established by the government and operated by private companies, and which have been
funded by government, or through loans guaranteed by government from investment funds (for
example, AldeidNova), foreign institutions (Gesterra farms, for instance) or parastatal companies (for
example, Sonangol for the Biocom scheme). These farms

f
f

are usually oveequipped and ovestaffed for the purpose;
are often located inappropriately, frequently in pesdetermined more by political

considerations than factors associated with agriculture (crop viability, marketing,
transportation or the presence of other farmers with whom to create synergies);

Face challenges of weak management and unclear responsibititmally because of a lack

of accountability and/or incentives for managers and decisiakers

are large and the projects generate substantial profits for developers during the process of

establishment, but that is not oncgor if ¢ the farms starto operate;

8 Investments that are completely foreigswned are unknown in Angola, unlike elsewherdifrica. Accusations of land grabbing are
consequences of disputes between locally resident crop farmers or pastoralists and Angolan companies or influentialsnéikopuity
is often linked to the use of land, and not in formal property deeds otsighnregistered traditional rights are therefore seldom
recognised as legally binding.
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91 Incur costs and losses because loans are secured by the government or its parastatals, and
the public is often required to cover these;

Of 21 such farms, 6 are currently functioning while 15 have stopped working.

Appendix 1 provides a list &drms that illustrate circumstances associated with both types of large farm
enterprises, while the distribution of most of those farms is shown in the following Figpre43).

Cabinda B Large government funded farms

Large, privately owned and run farms

Catchments in south-eastern Angola

Zaire

Lunda Sul

{. Quanza Sul

Mxico

Zmoes vest

/ = Huila

) Namibe

Cuito lover Quando CQubango

Qbango |ower

Figure43: The general distribution of different commercial farming enterprises in Angola. Many other confined
areas of commercial smédilolder farming are to be found around larger towns and along certain ntiajok
routes.
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Agriculture in southeastern Angola

Farming in soutkeastern Angola can be divided into five types.

1)

2)

3)

4)

5)

Large, Commercial Farmg/ith capitalintensive activity, they often employ specialized labour. The
farms are privately owned and usuallynied with credit obtained from the private banking sector.
Examples are Agrikuvango and Mumba described in Chagten development projects.

Large State or Parastatal Investment Schemegsey are usually funded directly by or through
government institdions. They are also capitadtensive and are implemented with the help of
specialized labour provided by private companies. There are two such farms inesmigrn Angola:
Fazenda Agrindustria do Longand Fazenda Modelo, the latter being developadart of the large
planned complex of Cuchi farms, again described in Chagter

Small Commercial VentureShese are all marketriented enterprises, usually run by families with
help from occasional labour. The farms use little technology and fewhpsed inputs, such as seeds
and fertilisers. They generally produce vegetables that are sold atsioledmarkets or markets in
local towns. The majority of small commercial farms are in the uppermost areas of the Cubango
catchment and around towns, suclk &enongue, Luena and Chitembo. The fields are typically on
moist Gelysols or Fluvisols, the wettest soilaacafields being used in the dry season, and
conversely the drier soils mmbandafields during the rainy summer.

Medium-scale Agriculture Ske, technology and labour are the main features that distinguish these

bigger farms from Small Commercial Ventures. The farms are often 50 hectares and greater in size,

they use tractors and pumps, buy seeds, fertilisers and pesticides in substantiaitigsaand

employ significant numbers of local people at different times of the year. They are much less capital

intensive than the large private or government farms, and are infrequently funded by banks or the

state. Most funds are supplied by farmers dadd owners. The farms normally specialise in

LINE RdzOAY 3 2y 2y S>3 (62 2 NigroRedlBri® GNEWRI | INE BFiBgy 14fS
are few commercial farms of medium size in seattstern Angola. Two examples described in

Chapterl2 are Virevala and Boa Esperanca at Bimbi.

¢ S &l yié R NBeflowiypRt agritullié dréctised on dry lands is the commonest type of

agriculture in soutkeastern Angola. Surpluses are generally stored for hard times, and thus seldom

sold. Labourandothet y LJdzii & | NB YAYAYIfd ¢KAAa {AYR 2F Tl NYAYS:
it was hundreds of years ago. There is little or no horticulture, and few livestock are kept. All, or by far

the greatest part of any meagre income is generated by-famming commodities, such as charcoal,

bush meat, honey or fish. Millet, manioc, maize, melons, beans and sweet potatoes are the most

important dryland crops, the prevalence of each varying from one area to another. Most of the crops

are grown on dryland fields K- 4 NB Of S| NB Rand®oydzNJ/ Oi KOAFFaiAiaydd 2 NJ wWaf |

Cattle are rare in most areas, an exception being along the Namibian border. Likewise, sheep and goats are
uncommon, while small numbers of pigs and chickens are kept in most villages. The argnadllsised

primarily as savings or capital. Factors limiting their numbers and health include diseases, poor nutrition and
palatability of pasture, and a lack of water in certain areas.
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Conclusion

Given its soil conditions (see Chap8randremoteness, much of soutbastern Angola is poorly suited to

most agriculture, and it has never supplied much food to Angola. The most productive agricultural areas in
ly32fl INB Ot2aS (2 dzaNbly YIN]Sia | yRitds@Sandgl Ay NRI Ra
Benguela, Lobito, Lubango and Huambo). Much of this area is in the central plateau stretching across western

Bié, Huambo, faeastern Benguela and northern and western Huila; in Cuanza Sul; in the coastal valleys of

Namibe, Benguela and Bgo provinces; in western Malanje and in some parts of Cuanza Norte. Almost all

private companies have established themselves in these productive areas. This is where experienced farmers

are concentrated, running private marketiented, largescale farmsAnd the only peasant farmers earning

money in agriculture are in these same areas, where they mainly grow and deliver valuable fresh produce to

urban markets.

The eastern provinces (Lundas, Moxico and Cuando Cubango) as well as the northern onesd Zaiterala)
O2yNROGdzGS tAGGHES 2N y2 &y iavesingentd in/agrgditureQritheFe2egiths a S O dzNA
are almost exclusively driven by political motives and public funds, and most have not been functional. Many

large, generously funadkgovernment farms are also located in productive farming areas, where inappropriate
management is their main limitation. However, this is a weakness that can be remedied, and the farms

recovered and reactivated.

It is fair to assume that the best areags foaize and legume production in Angola are already known and
developed by small medium and large scale farmers. With further development and improved techniques
GKS alyYS INBlFa OFy LINRGARS Yzad 2F 'y3azftl Qa F22R ySSF

In the light of these potentialsral circumstances, proposals to cultivate large new tracts of land in areas which
are inappropriate for farming, should perhaps be reconsidered.
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Appendix 1: A selection of major farms and agricultural schemes in Angola to illustrate the

range of cropsproduction methods and types of funding.

Province Municipio

Cuanza
Sul

Cuanza
Sul

Cuanza
Sul

Cuanza
Sul

Cuanza
Sul

Cuanza
Sul

Cuanza
Sul

Cuanza
Sul

Kwanza
Sul

Cuanza
Norte

Cuanza
Norte

Malanje

Quibala

Quibala

Quibala

Quibala

Quibala

Wako Kungo

Wako Kungo

WakoKungo

Libolo

Cambambe

Lucala

Malanje

Name

Santo
Antonio

Nova
Agrolider

Kambondo

Nuviagro

Terra do
Futuro

Aldeia
Nova

SEDIAC

Agrowako

Cleomas

Rogério
Leal

Lucalagro

CAM

Main crops

Maize, soya,
animal fodder,
pigs and maize
flour

Greenhouse
horticulture,
feedlot cattle
production, citrus

Maize, soya,
beans, potatoes

Potatoes, onions,
carrots

Maize, soya,
animal fodder,
maize flour

Maize, soya,
beans, millet,
sorghum, animal
fodder, dairy (400
COWws), eggs
(500,000 layers)

Maize, soya,
beans

Maize, potatoes

Citrus, mangoes,
guavas

Maize and flour
production

Maize, intensive
horticulture

Cassava and
cassava flour
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Production

2,000 hectares of
centre pivot irrigation;
600-900 reproductive
SOwWs

8 centre pivots,
greenhouses (26
hectares). Post
harvest facilities

6 centre pivots; Post
harvest facilities.
Facing difficulties

8 centre pivots. Post
harvest facilities

Dryland irrigation.
Project not
functioning at the
moment

Biggest dairy in Angol:
and egg producer
outside Luanda.
Dryland crops. 3,000
4,000 hectares per
year

3,000¢ 4,000 hectares
of dryland crops

4 pivots. Posharvest
facilities for potatoes

400 hectares of
orchards

11 centrepivots.
Milling 2.4 ton/hour

3 centre pivots;
greenhouses

600 hectares

Type of funding

Private Angolan
bank

Private and
parastatal
Angolan banks

Private and
parastatal
Angolan banks

Private Angolan
bank

Parastatal bank

Foreign
investment fund

Private Angolan
bank

Private Angolan
bank

Private and
parastatal
Angolan banks



Malanje

Malanje

Malanje

Malanje

Malanje

Benguela

Benguela

Benguela

Huila

Bengo

Bengo

Bié

Bié

Cuando
Cubango

Uige

Uige

Zaire

Cacuso

Cacuso

Cacuso

Cacuso

Cacuso

Cubal

Caimbambo

Cubal

Humpata

Dande

Dande

Camacupa

Camacupa
Longa

Sanza
Pombo

Negage

Nzeto

Quizenga

Pedras
Negras

Pungo
Andongo

Pipe

Biocom

Vitor Alves

Vitor Alves

Gesterra

Nossa
Terra

Nova
Agrolider

Turiagro

Private

Gesterra
Longa

Sanza
Pombo

Agricultiva

Agricultiva

Maize

Maize

Maize

Maize, beans

Sugar cane

Sugar

Sugar and alcohol

Maize

Mangoes,
bananas, papayas
table grapes,
passion fruit

Bananas,
mangoes, papayas

Rice

Maize

Rice

Rice

Greenhouse,
poultry

Manioc
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Not functioning

Not functioning

Not functioning

Functioning

About 16.000 hectares
of sugar cane. 50,000
to 60,000 tons of
sugar per year

Centre pivot irrigation.
Project stopped

> 200hectares of
orchards

> 160 hectares of
orchards

Sheet irrigation.
Perhaps best rice
producer in Angola

Production stopped

Foreign loans

Foreign loans

Foreign loans

Private and
parastatal
Angolan banks

Foreign loans;
Parastatal
company
investment

Private Angolan
bank

Private Angolan
bank

Foreign loans

Private and
parastatal
Angolan banks

Private Angolan
bank

Foreign loans

Foreign loans

Foreign loans
Foreign
investment loan

Foreign
investment loan



11. Major developments in the Cubango and Cuito River
catchments in Angola

Upper Cubango Upper Cuito I New livestock
Lower Cubango Lower Cuito B Planned livestock
B Old crops
Chinguar. ‘ I Newcrops
- 1
. vala = Coli B Planned crops
0
;'6 M tnchelo & Water supply scheme
Z o
] & A Dam/hydro-power
2 &
8 2
(3 New fish fai
A Tempue B New fish farm
-
e @Chitembo B Recreation
Endqﬁl 1 New- purpose?
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Figure44: Old, new and planned developments for crop, fish and livestock production, water supplies, hydro

power and otheenterprises. Based on field observations and informants, and COBA (2010), Consulprojecto

et.al. (2012), Costa Afrika & I.Green (2014), Governo da Provincia do Cuando Cubango (2013), Governo
Provincial do Cunene (2014), and World Bank (2017).
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The documentiescribes major commercial developments designed to produce food, hydropower and urban
water supplies in the Cubango and Cuito catchments. These prgjecis knowledge about thergis

essentially divided in two categories. The first comprises projecgtsamced by government in a variety of
regional and sectoral development plans. These are all large projects, and a fair amount of knowledge about
them is in the public domain. Most of these projects have not reached practical or feasibility planning stages
or been implemented, however (to our knowledge, the only exceptions being the Longa and Fazenda Modelo

A =
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and concerns are often raised abougethfinancial, technical, managerial, economic, social and other

environmental dimensions.

The second category consists of existing projects that have been practically implemented by private
enterprises and individuals. Little information about the prigeis available, and their environmental impacts

¢ individually or cumulativelg have not been assessed. In the absence of information or impact assessments,
little alarm about their possible effects has been raised, again either individually or curelylalihese

projects are generally much smaller than those planned by government. Land and water used for the private
projects is free, and occupation rights are obtained readily. The development of certain private projects has
been supported with public fuds

The following table summarises the information now available to us. It is, however, important to know that
there are other planned but unknown projects, especially those conceived by private investors. And
government officials are certain to conceivet wther plans.

Table9: List of projects, organised by purpose, proponent or developer, when started, and size

NAME

Bimbi (Boa Esperanca)

Missombo

Enchelo
MbalaTchava
Bimbi fish farm
Missombo
Cachiungo
Agrikuvango (Tulumba)
Curiri

Longa rice
Vinevala

Ukuni*

Fazenda Modelo
Firma*

Omatapale Mumba

Cubango Game Reserve

TYPE

Irrigation

Irrigation

Livestock?

Livestock

Fish farming

Fish farming

Fish farmingl/irrigation?
Irrigation

Irrigation

Irrigation

Irrigation

Irrigation/fish farming?
Livestock

Livestock

Livestock

Conservation & tourism
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STATUS Area

ol
ol

olid

old

New
New
New
New
New
New
New
New
New
New
New

New

(ha)
80
332

1,465
740

36
530
645
2,885
250
533

900 +
240,000

YEAR
BEGAN

1990

2000

2016
2018
2016
2017
2017
2014
2016
2016
2016

2016
2014

Planned size

2,000(planned
expansion)

8,500



Agropec
Cassenge
Chitundo
Fazenda Andefil
Menongue

Cuito Cuanavale
Cubango
Malobas
Mucundi
Cafuma (private)
Chinguanja
Cuvango

Ebritex

Lupire

Dirico

Calai

Menongue
Mumba

Nankova

Chicala Cholohanga

Vissati

Caila
Caiundo/Cuvelai
Cachiungo
Chitembo
Cuanguar

Cuchi

Cuito Cuanavale
Cuvango

Nankova

Recreation and farming
Recreation

Unknown

Unknown

Urban supply
Hydropower
Hydropower
Hydropower
Hydropower

Irrigation

Irrigation

Irrigation

Irrigation

Irrigation

Irrigation

Irrigation

Irrigation

Irrigation

Irrigation

Irrigation

Irrigation

Livestock and abattoir
Water supply to Cunene
Urban supply

Urban supply

Urban supply

Urban supply

Urban supply

Urban supply

Urban supply

New

New

New

New

New

Planned
Planned
Planned
Planned
Planned
Planned
Planned
Planned
Planned
Planned
Planned
Planned
Planned
Planned
Planned
Planned
Planned
Planned
Planned
Planned
Planned
Planned
Planned
Planned

Planned

362 2010

2018

2016

2,000
40,000
35,000
25,000
5,000
20,000
5,000
15,000
27,500
20,000
22,000
5,000
10,000

*These projects lie and obtain their water very near the catchments, but are included here to provide additional infolnettien
nature of recent developments in soutrastern Angola.

Figure 1 shows the locations of the developments describedantioned here. Of note is the concentration
of projects in the northern and western parts of the Cubango-catchment which are close to trunk roads,
the Benguela Camino de Ferro railway, and major towns and cities. Few developments have been
implementedor planned elsewhere, probably because the soils are generally poorer, and these areas are
harder to reach, and/or more remote from markets and support.
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Fishfarming
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At least two fish production farms are being developed in the catchment. One i$ &Bdilometres south of
Menongue at Missombo, which is a grelependence irrigation scheme (see p&$. The farm is being

developed for the Ministry of Fisheries, and will be used to produce a variety of fish species, some of which
may be aliens. Annual production is planned to be 3 million fingerlings and 500 tons Miishmbo lies

alongside, and obtas its water directly from Cuebe River. The risk of fish escaping into the Cuebe and thereby
introducing alien species into the whole Cubar@kavango system is a concern. Fish diseases could be spread
in a similar fashion.

The other fish farm is small, drapparently experimental. This is Bimbi, and it lies about one kilometre north
of the Cuebe River about 55 kilometres from Menongue on the road to Caiundo. The project has been
developed by the Ministry of Environment & TourigkhiINAMB). It has four smglonds, and accommodation
for visitors, as well asjangofor entertainment.

Aerial view of
the Bimbi fish
farm. The
Menongue
Caiundo road is
in the
foreground, and
the Cuebe river
to the back.

Although its purpose is not quite certain, a third prcijés widely regarded as being for fish production. This is
the small dam just south of Cachiungo. The impoundment was created by damming off a small tributary of the
Cubango River (see pag8). (A lone hippopotamus was in the dam for several days in July 2018).
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Crop production

Although commercial production is normally associated with large farms, the majority of farmers who produce
crops for sale are actually siftholders who grow vegetables gracafields. Almost all are located near major
roads or around urban centres where produce can be sold. Their farming activities are actually semi
commercial, part of their production being for sale while the rest is dsedomestic consumption. Dryland
produce is usually eaten at home, while vegetables are mostly sold. Othertsottdrs produce some small
guantities of dryland crops, mainly maize, melons and manioc. The distribution of mostsemiercial
smaltholders is shown in Figure 1.

Little mechanisation, and few fertilisers or improved seed varieties are used bylsitggrs. Their main

inputs are in labour, each farming family spending considerable parts of each day managing irrigation and
drainage channelgloughing, planting, weeding, harvesting and marketing their produce. Much less labour is
invested in dryland crop production, by contrast.

The rest of this account focuses on larger scale enterprises. They, too, vary in size, as well as in productivity
and viability.

THE GRAIN SILO PROGRAMME

The construction of grain silos at various locations over the past five years is intended to support commercial
crop production. This is part of tHerograma de Investimento Publi@ublic Investment PrograinThe dbs

were to be collection and storage facilities for maize produced by local farmers, thus replicating the system
that operated before independence in which sraadlider growers would sell their harvests to traders who
would transport the grain to silos imajor towns. This silo was opened in 2014 at Cuvango. Like many others
across the country, the silo has not been operated. Among a number of challenges, the system has suffered
from the absence of a trading system that brings maize from producers tdltss as well as money to pay
producers timeously for their harvests.
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COLUI (OR UKURI OR CURI)

P

While this development is strictly speaking not in the catchment (Figure 1), it lies very close and provides an
example of recent land use changes in the aksaparently developed by a Chinese enterprise, the farm is
situated 18 km south of Desvio on the road to Chitembo. There are some recently planted citrus plantations,
two dams have been built, and the beginnings of eucalyptus, aquaculture, dairy, catttrdand crops seem
evident. The entire farm is probably about 1,500 to 2,500 hectares, and is in the headwaters of the Cuquema
River, which is a tributary of the Cuanza River.

The photograph views Colui from the east, the main road between Chitemb®aswio runs along the top of
the image.

VINEVALA

This mediurrscale farm is just east of Chinguar. It covers some 400 hectares, of which about 200 hectares are
for maize, 15 hectares are for potatoes (as in this photograph) and a small area is for Wieetdrm is

managed well, is of a manageable scale and is located close to transport and established markets, thus
providing an example of effective commercial farming in the catchment. Other factors contributing to its
relative success include rainfafl@ver 1,000 millimetres per year, the presence of a workforce drawn from
nearby local residents, and nearby rivers to provide water for irrigation.
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Vinevala was developed on land previously cleared of miombo woodland. Erosion is a pervasive problem, as is

the ongoing depletion of soil nutrients (which require costly replacement in the form of fertilisers). Despite the
constraints, these northern areas close to markets that have already been deforested, and that have soils that

are at least marginally usdftor agronomy, offer better potential for commercial development than most

20KSNJ LI NI a 2F GKS OFGOKYSyidod Ly FILOGT GKAEA LRGSYGALl f
plateau (thePlanaltg produced large volumes of carbohydrates (maind potatoes) as well as vegetables

(onions, cabbages and carrogt,ceterg.

LONGA
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Longa rice farm is a government project, first developed in 2012 on the west bank of the Longa River. Its
development was accompanied by many expectations. Howewsr, producing small crops in its first two
years, the farm has ceased to function. A total of 1,500 hectares was cleared, ploughed, fertilised and
equipped with irrigation equipment. The development also hasamufacturing plant for the processing,
drying and packaging of rice, three laboratories and residential area for technical staff.

Fazenda Agrindustria do Longa farm is now widely regarded as an unfortunate example of oversizing and a
lack of practical realism. Its development cost the pub&$@60 million dollars. Most soils on the farm are not
suitable for rice cultivation. The gleysol and fluvisol soils are too acidic for rice cultivation, with pH values
ranging from 4.8 to 5.5. Acidity will increase with the drainage, due to the decompositiorganic matter as

it dries. It is now estimated that annual production can reach a maximum of only 2,500 to 3,000 tons, using
500 hectares that have some suitability for rice. Much of the remaining floodplain area developed for the
project is too wet

Despite the presence of new, modern equipment, only 300 to 400 hectares of rice could be planted by hand.
Yields never exceeded the 3 tons per hectare, giving an annual production of about 1,000 tons. The
manufacturing plant was however ovendowed withmachines to process 7 tons of rice per hour, or 168 tons
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per day. Most of the lateral move irrigators, tractors and other machines have ceased to operate, or were
never used. There was also a shortage of funds to buy seed.

The management of Longa has nbeen allocated to a private company, Cofergepo S.A., which intends to
FaaArAad 20KSNE LINAGFGS FENNYSNE (2 LINBRdIZOS NROS ¢KAOK

AGRIKUVANGO

This is the biggest irrigation scheme so far developed in th@@yo catchment. The project area covers some
3,000 hectares, and includes 12 cenprigots, each irrigating 50 hectares. About 600 hectares will therefore be
irrigated with water pumped from the Cubango River which forms the eastern boundary of theThem.

project lies roughly 20 kilometres north of Cuvango town, and belongs to the Tulumba Group.

It is understood that the farm plans to harvest two crops of maize each year. If a yield of 7 ton/hectare can be
achieved, total production could amount to 8@@ons each year. The investment costs reportedly require at
least US$12,5 million for the first phase, this being advanced by the private banking sector. Agrikuvango is a
private development and not listed in the government plans for irrigated agriculture

CURIRI

Clearing of some 650 hectares for this private farm was done in 2016. The farm lies just west of the Cuiriri
River and just north of the small town with the same name. The location and size suggests that the farm will be
used for irrigation. Theame of the developer is not known to us. The operators of the Longa ricecfarm
Cofergepo S.A; now intend to collaborate with the Cururi development to produce rice.

BIMBI (Boa Esperanca)

This small farm covers some 80 hectares and was developedsquite years ago. Most of the farm was
planted with citrus, and a small piggery forms part of the development. The nearby Cuebe River provides
irrigation water for citrus. The farm apparently belongs to a previous governor of Cuando Cubango, General
EusebioThe farm lies about 63 kilometres from Menongue on the road to Caiundo.

MISSOMBO

Missombo was developed as an irrigation farm covering some 300 hectares. Water wasfiakenCuebe

River and then led along a canal west of the river from where it doelctleased gravitationally to irrigate
nearby fields. While the canal still carries water, most or all of the fields are no longer used for irrigated crop
production.

It is not known why the irrigation scheme stopped working. This is the kind of farncoloéd serve the
catchment well, as a result of several important attributes. It is close to a large market of more than 200,000
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residents in Menongue who require fresh vegetables and other farm products. The soils (probably Lixisols or

Calcisols) are seangly more clayey and have more nutrients than most soils elsewhere in the catchment. And

the Cuebe River provides a close source of water for irrigation

Missombo therefore presents positive opportunities for development. Its existing infrastructure caselde
and refurbished where needed, and the now much larger population of Menongue residents provides a

ddzoadlydAalrt RSYFYR F2NJ ahaazvyoz2Qa
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including the @ebe River Lodge and the site thie new aquaculture project (see pagé).

» R
Cwebe Rifu’llodgrs

A

Canal off-take

Cwebe River—

Site for Missombo

/ fish farm
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Livestock production
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Between 30 and 40 farms, each covering an average of 5,000 hectares are to be established south of the main
MenongueCuvango road andetween Cuchi and Cuelei towns (Costa Afrika & 1.Green 2014). Their
development for livestock production is to be guided by best practices on the model been farm of the Fazenda
Modelo, recently developed by Oderbrecht north of Menongue. This model farersai least 2,500

hectares, large sections of which have been planted with an exotic improved pasture grass, probably
Brachyaria brizanta.

Development of the Cuchi farms, is tied to the establishment of a smelter for the production of steel from iron
ore mined at Jamba Mineire. Miombo woodland cleared off the farms will be used to fuel the smelter.
Eucalyptus plantations would be established as the miombo is cleared, so that eucalyptus fuel wood can be
harvested once all the miombo has been removed. Tlea @overed by the 30 farms shown in Figure 1

extends over 153,000 hectares. That would increase to about 200,000 hectares if all 40 farms are established.
Approximately 2,000 hectares of each farm would be planted with impdBieathyaria brizantgrass fo

grazing. Since all the farms lie close, or adjacent to the Cuchi and Cuelei Rivers they could also be used

irrigated crop production. It is understood that US$800 million of public funds has been allocated for the
development of these farms.

The iron mir at Jamba Mineire was refurbished in about 2008 but has yet to operate. Given the soils in the
area in which the Cuchi beef farms are to be established, it seems doubtful that eucalyptus trees would grow
rapidly enough to provide much timber within a reasble period. If that is indeed the case, indigenous wood
in other nearby areas would have to be harvested.

FIRMA and AGROPEC

This small livestock farm covering at least 160 hectares lies just east of Chicala Cholohanga and immediately
north of the railwg line and main road to Cachiungo, where strictly speaking it lies in the Cuanza catchment.
Another, much larger farm lies nearby to the noghst. This is over 2,000 hectares in extent, and is also in the
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Cuanza. That second farm is perhaps part ofayetther nearby development, which is south of the road and
railway line and in the Cubango drainage area. This is called AGROPEC, and has been developed as an
upmarket resort and farm. While these are relatively small developments, they all began wigthiash five

years and demonstrate the speed and extent to which developments are possible, especially in areas within
easy reach of major centres, nearby Huambo and Cuito being the biggest examples.

MUMBA

This large farm has been established in the atedng the colonial era. Recent development started there in
early 2016 with the clearing of about 900 hectares of miombo woodland, most or all of it is now used for beef
cattle. The farm belongs to the Omatapalo Group, and has recently been stockeabwith3,000 cattle

imported from Namibia. Observations during the aerial survey in July 2018 suggested that irrigated agriculture
is being developed. It was also clear that the newly developed project extends over much more than 900
hectares.

The Angolana@vernment plan lists Mumba as the site for development of some 50,000 hectares of irrigated
agriculture.

MBALATCHAVA

This 740 hectare farm was developed about 10 years ago, some 60 kilometres south of Caiundo just west of
the Cubango River. The farm apgatly belongs to General Eusebio, a previous governor of Cuando Cubango,
but now seems dormant.
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Recreational developments

Several recreational facilities have been developed along rivers in rural areas. Examples are at Tchilindo (about
70 kilometres pstream of Menongue on the Cuebe River, but since abandoned), Rio Cuebe Lodge just
downstream of Menongue on the Cuebe River, the AGROPEC recreational complex just east of Chicala
Cholohango, and the Cassenge dams and lodge about 2 kilometres west af. Bes@ral small recreational
pavilions were seen along the Cuebe River downstream of Menongue in July 2018.

The Cassenge dams and lodge along the Cuchi R
just west of Desvio on the road from Chinguar to
Cuito. The dams impound water on twriibutaries

of the Cuchi River.
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Other developments

Game reserves

A group of associates led by Stefan van Wyk acquired blocks of adjoining land east of the Cubango River and
Savate. The Cuatir and Luatuta rivers run through the area. The developmentista@14, and is known as

the Cubango Game Reserve. It now covers 240,000 hectares. A small lodge built on the Reserve now attracts
tourists and scientists who use it as a base for studies in the area.

The main goal of those behind this development isaaserve the woodlands and the wildlife remaining in
the area. Efforts are being made to restock and reintroduce certain large mammals, preverdrsigsinrn
woodland degradation and reduce the intensity and extent of bush fires.

A similar development c@ring 30,000 hectares has recently begun immediately west of the Cubango River in
the catchment of the Cuvelai and Cunene Rivers. The reserve is being developed by Fernando Matias, who also
plans to restock and protect wildlife.

Timber

While not a formal dvelopment initiative or policy implementation, it is worth noting that the commercial

harvesting of indigenous hard woods, especially of Angolan Rose@oidurtia coleospermhas expanded

so rapidly and substantially that timber production could be seed I WRS @St 2LIYSy i Qo a dzOK
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from national parks. The Angolan government has recently placed some limits and controls on the timber

industry, but the extent and distribution of harvesting remains rampant.
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associates and employees of Angolans.

Purpose or use not known

ANDEFIL

We have no information on the origins and plans for this development. Threeplaekd signposts,
respectively advertising Andeflazendgfarm) Sector 1, 2 and 3, are located along the road between Cuvango
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