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Introduction

The main tenet of this paper is that there is not
enough water available fo
planned development programme, and that thereis a
need to examine the nexus between our scarce water
resources, potential significant climate change
impacts, and the decision to plant more water
intensive timber plantations. Coupled with this
conundrum are the issues of food security, or the lack
thereof, and the potential water and food security
impact of non plantation alien invasive plants,
including the uncontrolled expansion of invasive
timber plantation species such as Black Wattle, Pines
and Eucalyptus taking over valuable land and water
resources.

This paper will attempt to weave many related
threads together in a way that links with the broader
sustainable development issues that our whole planet
is facing, and our current collision course with an
unknown climatic crisis. One definition of madness
proposed by Einsteinis when people do the same
thing over and over again and expect a different
outcome, and there is a related cliché says that if you
keep on doing what you are doing you will arrive
where you are headed. Right now we are not headed
in the right direction, and that is why so many recent films are exploring the end

ofhumanity Ti201206, AThe Age o,whilsothers iard gaintingiaK n o wi n

picture of humanity in crisis such as AChi |
in AThe Age of Stupi dd dansHks otulre gewnestaitd m:n
when we knew that we had to and we stil!/l c

highlights the sharp contrast between living in and with Nature versus destroying
Nature in order to obtain a resource. Just because a plantation consists of trees,
and trees are a key component of forests, does not mean that plantations are
forests, and all the language that implies that they are, is misleading. In similar
vei n t oo chnkertiag pastine grasslands to timber plantation s in order to
obtain a needed but economically undervalued and wastefully used resource both
for national use and for export to earn foreign currency; and to neglect the larger
and longer term impacts that this will have on water security, our rivers,
biodiversity, food security, climate change, etc. is one more step in robbing our
children of the Earth as we found it.
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There is no ambiguity about alien trees consuming water excessively, and there is
no ambiguity in terms of southern Africa being one of the dri est regions of the
world, or that South Africa has been classified as the 30" most dry country on the
planet. There is no ambiguity in that scientists have predicted that climate change
will affect Africa disproportionately and that southern Africa in particular is likely to
experience less rainfall over most of the region, with longer dry periods and
increased storm events. According to recent statistics (Blignaut and Van Heerden,
2009) South Africa is already using 98% of the available water with 12 of i ts 19
water management catchments experiencing a water deficit. Further, the
Department of Water Affairs and Environment (Formerly Water and Forestry)
predicts that, South Africa will have a water deficit of 1.7% by 2025.

The deficits in many of the W ater Management Areas do not necessarily imply that
water use exceeds the amount available but that the allowance for the ecological *
reserve cannot be met at current levels of use T this means river systems are
being deprived of the minimum flow needed to maintain their basic ecological
functions. Whilst the requirements for the Reserve are based on estimates at
present, in many areas, there is no allowance to sustain the ecological viability of
the resource, and substantial changes will be needed when the Reserve is
implemented (DEAT, 2009).

s
-« ‘l’r

These statements are not ambiguous, but in combination they portray a very bleak

picture of water availability in the future. Indeed, the UNEP 2008 report

fFreshwater under Threat: Afesfored®®suggdstat es t h
that per capita water availability will de:
and South Africa | ook particularly bleako.
countries such as Lesotho want more access to water stored in the Lesotho

Highlands Water Project dams.

! The ecological reserve in Soulirica refers to the quantity and quality of water that is required

to: (1) satisfy the basic needs of all people who are or who may be supplied from a water resource,
and (2) to protect the aquatic ecosystems in order to secure ecologically sustavealojpndent

and use of the relevant water resource.
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Blignaut and Van Heerden (2009) in®> their p
Next ?afisvaakee use cannot continue to grow a
given the supply constraints and the likely decline in the wate r availability due to

change in climatic conditions, and the socio-economic and demographic pressure

to increase the use of potable water for domestic use and to allocate water to

higher value added industries. Something has to change, and fast . 0

Theyrevi ewed the 12 fl agship projects of the
Accelerated and Shared Growth Initiative for South Africa (AsgiSA) and noted that

the first six of the flagship projects which includes the Umzimvubu Catchment and

Timber Industries Development Initiative in the Eastern Cape are all water

intensive andthatt seems as i f fAthese projects were
isolation from the fact that South Africaisawater-scar ce and arid coun
Their analysis reveals that macro-economic planning in South Africa needs to take

much greater cognisance of natural resource constraints, which are likely to

worsen due to climate change and the spread of invasive alien plants. Quoting

Cullis et al 2007, they say that is it estimated that if left unche cked unmanaged

invasive alien plants could consume as much as 16% of the water in the near

future.

In their concluding statement g i Ped P cq:i
they state: Yes, water '] L5 SN TR TR S
shedding is -nex (
economic decision making is '
not conducted in such as way
as to acknowledge and plan
with implicit resource
constraints and bio-physical
and hydrological patterns and
features. 0o Wat
they warn is much more serious from a livelihoods and health perspective than

electricity because there is no alternative. In his plenary address to the Second

Africa Water Week (November 2009), itwassaidby Tr evor Manuel t hat
l'ifedo, and unli ke el ect wihioh makgs watdr scardgtyaar e no
matter of national security .

5 WATER-SKAARS AREA‘ .

LU OUNG MELE

2Sheddi ng is a term used recently in Al oad she:
interrupting electricity supply or rotating electricity supply between different users in order to share

the turden of insufficient supply of electricity between different users in South Africa. The question
raised by Blignaut and Van Heerden refers to the immanent-sogpty of water which will

necessitate some form of restriction or limitation.
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In an updated paper, BlignautandVan He er den ( 2 in@c@ucinggtheat e 0
proposed [AsgiSA] programmes in a business as usual and water intensive manner

will strengthen the current growth in the demand for water. This will bring forward

or accelerate the need for introducing water rationing among sector s. 0
reiterate that whilst rationing is imminent the reality has not yet led to a rethink of
macro-economic policies, and hence there is a sense of complacency whereas in

fact there is an urgent need for proactive measures towards wate r
conservation .

In September last year the Water Research Commission (WRC) released a press
statement which stated that one of their latest studies has revealed that SA has

even less water than was previously estimated. This was based on data from new
technology and on integrated surface and ground water resources. The project
leader,Br i an Mi ddl et on, #hisstude our asseésSrmeotofr di n g
surface water resources, for example, shows that we have 4% less than we
estimated in the 1995 study. If we were allocating water according to the higher
estimates made in previous studies, we would find that there is simply not the

t

An

(0]

water available to meet oustndgds SOuAbcaArd,]

mean annual runoff was just over 49 000 million cubic metres of water; utilisable
groundwater exploitation potential was estimated at about 10 000 million cubic

metres per annum (and 25% less during drought conditions). The report also

hi ghlighted concerns around theWRCual ity
believed that this study will influence
timber plantations.

South Africa facing a shortage of 2.7 million cubic metres of water by 2030

A recent World Bank sponsored study by the McKinsey Group brought to light that
South Africa, by 2030, will face a shortage of 2.7 million m3 water. Dr Roelof
Botha pointed out that according to the McKinsey research, 40% of available water
worldwide is utilised for agricultural purposes. If adequate arrangements are not
made, food security could also come under threat. Additionally because Souh
Africa has low rainfall, few large rivers and has relatively restricted under -surface
water sources, which are often polluted, this makes South Africa dependent on its
neighbouring countries and existing projects in Lesotho. Dr Botha also included
water pollution in cities and the mining industry as key threats to the country's
water security (Water Security, 2010).

of
So
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Based on this discussion it is clear that South Africa is running out of available
water even faster than we previously thought and as a country we need to
urgently rethink our development agenda. We should not launch any new water
intensive projects unless completely confident that there will be sufficient water
taking into consideration potential climate change impacts and invasive alien plant
invasions. The need for the precautionary principle to be implemented is very clear
T i.e. assume the worst case scenario with respect to actions whose outcomes are
uncertain, in this case water scarcity and the increasing likelihood of water
restrictions across all sectors.

Population growth is another area of uncertainty with some statisticians believing
that the population will decrease due to early deaths caused by HIV/Aids. The
National Water Resources Strategy (2004) has predicted that a low population
growth will lead to 50 million people in South Africa by 2025 and a high population
growth path outcome will be closer to 55 million people. It is unclear whether this
has taken into account the political and environmental refugees that are f locking to
South Africa from the rest of Africa.

Limited water and recurring drought in the Eastern Cape

What does all of this mean for the timber plantations
in South Africa and the proposed expansion of the
Eastern Cape timber industry? In terms of the
current planning and the Forestry Broad Based Black
Economic Empowerment Charter (BBBEE),
government aims to establish an additional 150 000
ha of timber in the Eastern Cape and between 30
000 and 40 000 hectares in KwaZulu-Natal. This is
being assisted by the special-purpose vehicle AsgiSA
Eastern Cape (Pty) Limited which is intended to
assist in driving the implementation of the plantation
programme in key areas (DWAF website). The
guestion is whether these water intensive plans are
feasible or whether they will effectively accelerate
the introduction of water restrictions, or the development of further engineering
solutions with their broad range of negative environmental impacts.

The current drought in the Eastern Cape is exacerbating the situation, and one
guestion we can ask is that if the proposed new timber plantations had already
been planted, what would their impact be on the current drought situation, and
existing water users? However, drought seems to be a recurring phenomenon in
the Eastern Cape with media reports indicating that parts of the province had
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been or were being considered for declaration as disaster areas in February 2009,

July 2009, and again in January 2010 (SABC, 2010, Gumenge, 2010; Dispatch

Online). In July 2009 the army was called in to assist the Eastern Cape

government in dealing with the drought. Water Affairs Minister Sonjica is reported

to have stated: AWe have a crisis when it
she cited the drought as evidence of how climate change was impacting on the

province, with predictions that within the next 20 years the province would be
semr-desert. She said: AWe already have scien
eastern part of the Eastern Cape are dryin

The potential climate change implications for South Africa are discussed in more
detail in a later section of this paper, together with concerns around the Kyoto
Protocol Clean Development Mechanism(CDM) that is being used to promote new
plantations that will compound the p roblem of water shortages.

This brings us to the critical matter of how much water is consumed by timber
plantations and other related uses such as paper production. The following
sections represent an exploration of the science around timber plantations and
water use, which for the non -hydrologist is very confusing and very contradictory,
and like most sciencesis also a function of perspective. Industry scientists tend to
be more conservative in their estimates of water use than environmentalists and
everyone else is in the middle somewhere. South Africa is however, renowned for
being world leaders in the research on plantations and water use. So these
following sections are intended to highlight areas which are particularly confusing
and where clarity is needed.

How much water do timber plantations consume ?

According to Statistics SA(2009 i n their discussion docume
Accounts for South Africa: 20000 they incl
flow accounts of supply and use of water for South Africa for the year 2000. Table

17 highlights that South Africa receives approximately 611 600 million m3 of

annual rainfall per year, of which 83% is directly evaporated or used by the

natural vegetation and the remaining 17% (105 528 million m3) is available for

Gross Annual Runoff, of which about 68 274 million m3 is used by the various

sectors in South Africa. (The rest of the water flows remain in the natural

environment to augment surface water, groundwater and ecological reserve). In
describing how this water iIis used by the v
2000 water use in South Africa was driven by the agricultural sector, about 94%

(64 065 million m3), mostly for dryland crops (45 000 million m3 or 66%) and

forestry (10 828 million m3  or 16%), while irrigation consumed only 12% of

water (7 920 million m3) and livestock and game only 313 million m3. Leaving the

rest of the economy with 6% of the total waterus e by sectors in Sou



Pagé.o

This figure of 10 828 million cubic metres for
timber plantations includes the water that the

trees suck up through transpiration, whilst the 8 .
NWRS figure (below) refers to the reduction in v ‘x? y
stream flow. The easiest way to visualise just how ,?E:\i:%:;
much water plantation trees use in terms of T

=
S

evapotranspiration i.e. 10 828 million cubic
metres, you just need to imagine four of the five
biggest dams in South Africai the Pongolapoort, 50m
Sterkfontein, Vaal and Vanderkloof dams, and
know that plantation trees transpire and use more
water than the dam s can store (their combined
storage amounts to 10 681 million m3 (SANCOLD,
2009)).

l‘ql

The National Water Resources Strategy (First
Edition, 2004) indicates that for the same year i
2000 - the incrementa | water use of the timber
plantations (in excess of the natural vegetation)
amounted to 1 460 million m3 for South Africa as

a whole, which is basically 1/10™ of the SSA
Report and represents 309
use (Blignaut and Van Heerden2009) and

according to DEAT plantations cover 1.7 million
hectares and demand 1.5 million m3 per year (3.3%) of the available water
resources in South Africa. The following section investigates how these figures are
calculated.

Eucalyptus roots mining i caods
the soil water

I n the film APul ping the Futureo produced |
was asked T how much water does timber production use in South Africa. The

rationale they used was based on South Africa having 1.5 million hectares of

managed plantations and then estimating that each hectare has at least 1000

trees, and using the conservative estimate that each tree uses at least 25 litres per

day (equivalent to the South African free basic water allowance). The

1.5 million ha x 1000 trees x 25 litres/day amounts to timber plantations using

37.5 billion litres of water per day (37.5 million m3 p er day). This was compared

with a South African population of 50 million people getting a free basic water

allocation of 25 litres per person per day, which amounts to 1.25 billion litres per

day. GeaSphereds conclusi on wimmesmbrbwater t i mb e
each day than the entire populationds free

10
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1.5 million ha

1 ha = 1000 trees

v

, T

e . =
- =

T
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a‘:

5 ] i 1,25 billi er day
50 million people x 25 L of water per day 1,25 billion L per day

Therefore timber uses 30 times more water per day than the
the amount of free basic water allocated
of 25 litres per person per day

{from the GeaSphere Documentary “Pulping the Future” produced and
filmed by Deirdre May with the above graphics provided by Simon MAX Bannister)

However one interprets the statistics, it is clear that timber plantations are using a
significant amount of South Africads
million m3 is equivalent to the amount of water used by industry, slightly less than
the amount of water used for urban and domestic purposes, although much less
than the amount used by agriculture (CSIR, 1999a).

However, what makes timber production very different from most other water
uses is that the trees use the water before it gets into the stream flows, which
means that once the trees are planted the increase in water -use is committed
indefinitely. Further, according to DWAF (2000), timber plantation s  aoftee i
placed in the headwaters of rivers and unlike other water users, like

irrigation, industry and domestic, forestry cannot be switched off during

periods of drought. Restrictions on water use cannot be imposed in
periodsofneed 0 . T h i iScal manageameatrconsideration. Additionally,
according to the Department of Environment Affairs and Tourism in the State of
the Environment Report, they menti on
reduce the in-stream flow (that is, the amount of water in streams and rivers)
during drier, low -flow periods when there is less rainfall (for example, during

natur

t hat 1

winter in inland areas and during summer |

this same report, as much as 1.71 million ha of natural habitat, mai nly grassland
and fynbos, have been cleared for timber plantations, and this has greatly
threatened the biodiversity resources offered by these biomes. The impact on
groundwater, which is substantial, will be covered in the next section.

11
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The evolving history of timber plantations and water
research

The history of timber plantations and their impact on water resources has been
very succinctly summarised in a paper by Chapman (CSIR, 2006) where he
describes how in the early part of the 20 ™ Century evidence of declining
streamflow downstream of the plantations was mounting, and after the Fourth
Empire Forestry Conference was held in South Africa in 1935, the Jonkershoek
Forest Research Station was established that same year near Stellenbosch. By
1938 measurement of rainfall and stream flow was underway and other
experimental sites were established elsewhere in South Africa. The experimental
design was based on gathering baseline water data by comparing two unplanted
catchments, and then planting one to timber. The difference in the runoff
between the two catchments after planting timber co uld then be ascribed to the
plantations.

Jonkershoek Plantation Research Station Western Cape

The Jonkershoek paired catchment experiments consisting of eight catchments
ranging from 27 i 246 ha were established, with relatively steep slopes, with
strong seasonal rainfall gradients, and mean annual rainfalls of about 1 200 mm
on the lower slopes that can go as high as 3 000- 3 600 mm at the top of the
valley. The percentages of catchment planted ranged from 36 1 98% with pine
species, mostly P. radiatae (Chapman, 2008).

The findings of the experiments indicated that the onset of stream flow reductions
became evident in the data when the P. radiatae reached 5 years (up till 5 years

12



Pagé|.3

compensated by groundwater), and peak reduction occurred at about 15 years,
followed by a gentle decline in water use. According to Chapman (EcoDoc Africa,
2010), a rule of thumb formula they used was that for every 10% of the
catchment planted to pines, they expected a 30 to 40 mm reduction in stream
flow.

Chapmanwas very clear about the scientific data supporting the di rect impact that
timber plantations have on water resources, with eucalypts using approximately
600mm of rainfall equivalent and pines using about 400-450mm of rainfall
equivalent. When he was asked about the amount of water used per tree per day,
he replied that hydrologically speaking this was not a very useful measurement of
water use as they prefer to use area and rainfall equivalent, but generally speaking
a eucalyptus tree will use anything from 100 to one thousand litres of water per
day and a pine from 50 to 600 litres of water per day. The amount of water varied
according to tree species, age, position in landscape, size, the size of its canopy,
how close it is to a river and whether it growing by itself or as part of a plantation.

Pine Trees Use400 i 450mm rainfall equivalent
Eucalyptus trees use 6007 650 mm rainfall equivalent

No plantations big stream Pine Plantation: Rainfall of 600mm and
above stream reduce

A

Eucalyptus Plantation: Rainfall above | Rainfall of 600mm/a or less and the
600mm/a and stream reduced stream dries up completely

13
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One of the reasons for the higher use of water by eucalypts is their ability to grow
deep roots. The exact measurements vary with Scott and le Maitre (1998) stating
that roots of eucalyptus trees can penetrate 50 metres or more into the soil profile
in contrast to hard woody indigenous trees whose root systems penetrating about
seven metres. Even young eucalyptus trees of three years of age can already have
root systems penetrating and extracting water to depths of 10 metres. Other
researchers have estimated the roots reach 30 metres in South Africa and 50
metres elsewhere (Dye et al. 1997, Chapman, 2006). Due to these deep roots the
eucal ypts ar ewatbfion thewateriiabie, coetrib uting to the
desiccation of a catchment. In a South African catchment with deep soils and
planted with eucalypts, the perennial stream dried up completely and only began
to flow again 3-4 years after the trees were removed (while ground water re -
charge took place). The trees had used all the rainfall (about 1200 mm/annum) as
well as ground water (Dye et al., 1997; Scott et al., 2000). Streamflow only re -
appeared after the soil profile had become saturated again. Farley et al. (2005)
recorded eight instances where eucalypts stopped the streamflow completely.

Other factors that affect the timber plantation water usage include:

e the water retention capacity of the soil, and the depth to which trees can
extend their roots - which effectively determines the quantity of soil water
and its rate of consumption by the trees. Soils that are deep and have
more available water can support higher rates of water extraction and
higher rates of tree growth for longer than soils that are shallower or have
less plant available water.

e The age of the trees is another factor in water use - older and bigger trees
use water faster than smaller and younger trees. However, this remains
true whilst the tree is relatively fast growing. When vigour of growth
declines, the rate of water use also declines. According to Chapman this
has important implications for predicting streamflow reduction, and he
referenced Versfeld (1997) who showed how failure to account for age -
structure of plantations in a catchment could give rise to a prediction error
of nearly 60% in calculating streamf low reduction.

¢ Plantation trees also use more water than the grasslands that they often
replace because they are evergreen- and transpire during winter - whereas
grasses are dormant in winter (Jacobson, 2003).

Whitmore (1972) from the Department of Water Affairs undertook a preliminary
assessment of the effects of plantations on run -off in Catchment Control Areas in
the KwaZulu-Natal Midlands where plantations of wattle (75%), as well as pines
and eucalypts had expanded steadily until the 1950s when a slump in the price of

14
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wattle bark led to clear felling and a reduction in the planted area. Subsequently
timber plantations of pines and eucalyptus trees expanded rapidly into the areas
cleared of wattle as well as agricultural land. Whitmore stated: At has been
estimated that 30-50% of the land at present afforested could be used for
agriculture.o

He concluded that fbased on the data, assumptions and methods used in this
analysis it would seem that each km? afforested in the CCA[Catchment Control
Areas in the KwaZulu-Natal Midlandg is associated with the loss of about 200,000
m® of waterd and that the ffact that these reductions exceed the mean run-off in
some seasons can be explained by the fact that the trees have access to surface
flow, interflow and ground water draining from non-afforested parts of the
catchment - in effect, water piracy occurs .0

Experiments at the Mokobulaan research catchment on the Mpumalanga
escarpment showed stream flow reductions following the planting of grassland
with both eucalyptus (E. grandis) and pine (Pinus patula), and the subsequent
response in stream flow after the eucalyptus plantation was clearcut (Scott and
Lesch, 1997). In these experiments, a whole catchment was planted with
eucalyptus resulting in a statistically significant decrease in stream flow in the third
year after planting and the stream dried up completely in the ninth year. When the
eucalyptus trees were 16 years old they were clearcut, but full perennial stream
flow did not return until five years later. Similarly, planting of an entire catchment
with P. patula produced a significant decrease in stream flow in the fourth year
after planting and caused the stream to dry up completely in the twelfth year after
planting.

Whilst Scott and Lesch
(1997) reported that the
drying up of the streams
was not surprising as the
annual runoff was lower
than the expected
reductions owing to the
full catchment area being
planted, they were
surprised at the delayed
return of stream flow in
the clearcut catchment :
and they attributed this to the soil mantle acting like a large reservoir and the long

roots of the eucal ypt s AHvater stdres.©nly aftenthede t he s e
soil water stores had been replenished did the stream flow return to normal. The

15



table below summarisesresults of stream flow reductions after plantations had
been established from some of the South African catchment experiments.

Stream flow reductions after plantation of some South African catchments

(The reductions have been calculated proportional to 100% of the catchment planted
for average age of trees at maximum stream flow reduction) From Scott et al 2009
P=pinus E=Eucalyptus

Location Catchment Tree Ave Age Mean Runoff
(years) Annual Reduction
Rainfall (mm)
(mm)
Jonkershoek | Bosboukloof P 23 1127 324
Biesievlei P 20 1298 316
Tierkloof P 20 1319 526
Lambrechtbos A | P 20 315
Lambrechtbos B | P 15 1145 314
Cathedral CP2 P 29 1431 607
Peak CP3 P 20 1431 517
Mokobulaan | Mok-A E 10 1166 366
Mok-B P 20 1180 182
Westfalia Westfal-D E 10 1253 321

Pagel6

Smith (1991) reported that when pines were removed to test the effects of

deforestation on catchment water yield at Witklip, near White River in

Mpumalanga - the results showed that clearcutting led to "a significant increase in

catchment water yield of approximately 280 mm/annum during the first 4 years

after completion of treatmento. Further he
every 10% of the catchment c leared of plantations.

According to Scott, Le Maitre and Fairbanks (1998) early estimates for stream flow
reduction were estimated for the Afforestation Permit System (APS) using a
modification of the Nanni curve, which were based on hydrological studies of
grassland and pine plantations at Cathedral peak in the Drakensberg. These were
replaced by the Van der Zel curves which were able to predict the effects of two
different types of rotation lengths of plantations but could not differentiate

between species or location.

As competition for increasingly scarce water resources grew, newer improved
approaches were needed. The CSIR developed an approach which included a
range of factors that contribute to water use and that could be used in a computer
model to simulate the effects of planting or clearcutting. Factors included rainfall
(MAP), tree species and growth potential, surface runoff, class of catchment,
rotation length (period between clearcuts) and magisterial district.

The results of the Scott et al (1998) modelling a pproach led to some significant
results, which revealed the important difference between impacts of timber

16
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plantations on total flows versus the impact on low flows, and how this differs
between different tree species. This contributed to the Afforestation Permit System
issuing permits based on timber species rather than just on plantation area. The
difference between total and low flow reductions can be significant especially in
catchments where most of the sub-catchments produce little or no low flow and
they gave the example of the Letaba River where only 3.6% of the catchment area
is planted but the stream flow reductions are close to 9% and 28% for total and

low flows respectively (Scott et al, 1998).

As plantations are concentrated in the higher rainfall regions, they consume a
disproportionately large share of the stream flow, especially the low dry season
flows. So whilst the estimates are that plantations reduced national average
annual stream flow by 3.2% (1 417 million cubic metres) the low flow r eductions
are much higher and said to be almost 8% (101 million m3).

Mpumalanga with the highest concentration of plantations i over 7% of the land
area - experiences reductions of about 10% for total flows and 18% of low flows .
This amount for the entire province i means that actual plantation water usage
could be as much as equivalent to 130% of runof f from the plantation footprint .
Scott (1998) calculated an average net effect of timber growing on total South
African water resources to be a reduction of 98.6 mm/year which was lower than
the Department of Water Affairs estimate of 113.6 mm/year . This applies to
normal years not during droughts, so even if you take the two numbers and
average them to get a result of 105 mm/year this actually represents consumption
of more than 20% of the national average precipitation of 450mm, by only 1,2%
of the total land surface area of South Africa (122 million ha).

Mean Annual Rainfall S.A. Plantations Distribution S.A.

ST MEAN ANWOAL AR ALL OF SOUT™ AFICA

Source GeaSphere and TimberWatch and Department of EnvironmentAffairs

Another important finding was that the best means of reducing the impacts of
plantations on water resources was to reduce the proportion of each individual
catchment that was planted to timber and to keep the riparian and wetland zones
free of trees and to shorten the rotations, and at a broader scale to maintain an

17
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average normal age class distribution within each catchment and this would even
out the differences in flow reduction and reduce the peak flow reductions. Still,
Scott et all (1998) said there are a number of uncertainties and changes in the
assumptions that can lead to much higher figures in water use such as increasing
the use of fertilisers can increase water use, and the shorter lag time in
subsequent rotations of pine trees, and that planting in mist belt areas or places
where there are frequent long, low intensity storms can increase water uptake.
This later approach excluded approximately 10% of the catchment land as modern
plantations are required to leave the riparian zones clear as it is claimed that the
trees use two to three times less water if they are planted outside of riparian
zones.

Scott et al (1998) included a number of tables in their paper which are very useful
and some of the more significant results are shown below:

lllustrative Examples of Total and Low Flow Reductions (based on Scott et al,
1998)

River System Area (Ha) Area Planted to | Runoff Reduction (%)

timber (Ha)

Total Low

Olifants 7 350 308 88 055 3.7 11.2
Southern Cape | 716 825 75616 9.4 12.3
Mpumalanga 2 857 158 336 294 14.8 22.4
Escarpment
South Africa 121 734 527 1 436 684 3.2 7.8

Summary of reductions at secondary catchment level (Scott, 1998, Table 6)

W5 Great Usutu | 808 491 193 133 13 19.4
X3 Sabie & Sand | 631 016 79 190 18.9 36.8
X1 Komati 861 824 79 649 9 13.2

These figures indicate that for some catchments the results are quite extreme i
such as the Sabie and Sand River Catchments where the total flow is reduced by
almost 20% and the low flow by almost 37%. The low flows on the Mpuma langa
escarpment are reduced by just over 22%. One of the well known and devastating
illustrations of the impact of plantations on a single river is the example of the
Klaserie River, which
originates at Mariepskop,
Limpopo Province. The water
measurements reflected in the
table below were taken where
the river crosses the road
between Tzaneen and
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Nelspruit, beneath the mountain. All that had changed between 1935 and 1964
was the progressive establishment of plantations in the catchment area (and
possibly dimate change).

Change in runoff from the Klaserie River, Mariepskop.

Source: GeaSphere Website (from Van der Schyff and Schoonraaad, 1971)

Period Rainfall (mm) Run Off (m3)
Mariepskop Klaserie River

1935 - 40 1729 143.07 million

1941 - 45 1122 48.72 million

1946 - 50 1332 38.43 million

1955 - 60 2 060 28.72 million

1961 - 64 1308 16.58 million

According to Scott et al (1998) the highest impacts on low flow are in the Limpopo

Province fiwhere small areas mddppepl ant ati on:

catchments that are the principle source of dry -season flow in otherwise dry

secondary catchmentso. This means there

of the catchment that has a limited alternative source of water.

Gush (2006) explained the methodology of quantifying stream flow reductions
resulting from timber plantations using time series simulation modelling, in this
case the ACRUagrohydrological rainfall-runoff modelling system which enables the
simulation of a wider range of plant ation situations than those represented by the
paired catchment experiments upon which the earlier models were based. A
verification phase of the ACRU Model used these earlier paired catchment
experiments. For the national simulations they used a simplified water balance
equation where precipitation was equal to the evapotranspiration plus stream flow.
The stream flow reductions were simulated for eucalyptus and pine and water and
soils depths of all the relevant quaternary catchments, and depicted in the form of
spatial maps.

Findings included that the
simulation of the low flows
was less successful than for
the total flows, and they
discovered that the model
was not accounting for the
large water storage capacity
of the soil and the year-to-
year carry over of storage or
usage. They also found that

Roots of sucalyptus trees are approximately s deep {50 motres) as the ree is tall
{SOwmetres plus), giving It access 10 deep soil water which s dessicates
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when compared with observed data, that the evapotranspiration rates of the
eucalyptus plantations were being significantly under-simulated. They concluded
that the stream flow may have been simulated correctly f or the wrong reasons.
Despite this shortcoming, which is being remedied, these national stream flow
reduction tables have been accepted as a working solution for immediate
application in water resource management decision processes to do with
plantations.

Gush tables project (Gush et al., 2002) was initiated to show spatial extent of SFRAs (ACRU
model), and verify evaporation estimates against Bowen ratio evaporation estimates

i Esti d Low St flow Reduction for Eucalypts \
F where MAP > 650 mm * &

Estimated Total Streamflow Reduction for E
where MAP > 650 mm

SFR (mm)
T01-24
25-50
| 51-75
Port Elizabeth % s
B 126-150
0 9 0 800 Kilometers - > 150

East London

From Jarmain et al 2009. (SFRA = Stream Flow Reduction Activities)

Gush has also been involved in a CSIR study that found that plantations of
indigenous trees such as the Outeniqua yellowwood, sneezewood and the white
stinkwood, may be economically more viable when it comes to the value of the
timber and impact on scarce water resources than the current alien species used
in timber plantations. Apparently the improved performance of the indigenous
systems based on economic criteria is because they have laver maintenance costs
with substantially larger product prices. In addition, further economic benefits from
indigenous plantations may be gained from by-products such as traditional
medicine, fruits, recreation, climate -change mitigation through carbon storage and
tourism. According to Gush they are working on developing concrete
recommendations and are expanding the research to indigenous trees growing in
different bioclimatic zones, and to start site/species matching in the most water -
use efficient species.” This could also go some distance towards ameliorating the
community impacts described below.

Timber plantations and other invasive alien plants

The above section details the amount of managed timber plantations where
estimates of land under plantations vary around 1.5 million hectares. The land
under invasive alien plants which include the timber species of pines, wattles and
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eucalypts as well as other invaders is even more than that i around 1.7 million
hectares, and as they invade the riparian zones of rivers and wetlands their water
use is exponentially higher.

These fast-growing alien tree species were introduced from Australia (eucalypts
and wattle) and America and Europe (pines) in order to maximize timber
production. Some of these species spreal rapidly through the lack of natural seed
predators in South Africa, invading areas disturbed by increased human activity, as
well as riparian and wetland habitats and high mountain catchments (DEAT, State
of the Environment Report). Chapman (EcoDoc Afri@, 2010) highlighted the fact
that many of the species used in plantations are highly invasive, including the pine
species at Jonkershoeki Pinus radiata and Pinus pinaster. He said if you look up
to the peaks you can see the pines have invaded the higher peaks, and the
eucalyptus trees are known for invading rivers i such as the Berg River and
Riviersonderend in the southern Cape. This has a serious effect on the water
runoff of the high catchments of the Cape and the Drakensberg as well as being a
significant protected area management issue (not to mention privately owned
land).

Another issue is that pines are also a fire influenced species so when they are
exposed to fire, they are stimulated to release seeds, which can result in a massive
invasions that out compete indigenous flora (EcoDoc Africa, 2010). Of the 1436
000 hectares of timber plantation, 35% is eucalyptus (505 785ha), 57% is pine
and 8% is wattle.

Cullis, Gorgens and Marais (2007) found in their study on the impact of invasive
alien plants in high rainfall and catchment areas on the total water yield, that
invasive alien plants currently use 4% of water in South Africa, but that this figure
could go up to 16% if the plants continue to spread as per current conditions.
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