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Chapter 8
Forest Hydrology in the Policy Domain

Strong dissent surrounded ideas about forests and water in South Africa, in the 
political, public and intellectual spheres, but the available evidence is that the 
science in the forest hydrology program in South Africa from 1935 proceeded 
free of political interference. It did not become the victim of political expediency, 
as for example did the US study in New Hampshire in 1911–1912. Perhaps that 
was because of the scientific ethos that prevailed in the community of forest 
scientists at the time, or the greater ‘South Africanisation’ drive stimulated 
by Jan Smuts. It may be that Wicht and his leadership were protected by the 
intensity of public interest, or perhaps the force of the dissension during the 
fourth British Empire Forestry Conference stimulated scientists to ask bigger 
questions than otherwise. 

It is also likely that a sense of a discipline of forest hydrology began to take hold, 
with the simultaneous establishment of rigorous catchment experiments in 
South Africa and the US, and the self-awareness among members of an emerging 
discipline with ‘a social structure … whose members are linked together in 
networks of communication, rivalries, common goals, and agreed-upon norms 
as to what methods and explanations are legitimate’.1 We have seen Wicht’s 
participation in creating the discipline of forest hydrology in his early, energetic 
correspondence with his fellow forest hydrologists around the world. Being 
engaged in such a fellowship and the consciousness coming from it—together 
with the collegial diligence over seven years to contrive a research program 
that would deliver the needed ‘unimpeachable’ findings—would generate 

1  Eli Gerson, 1983, paraphrased in Winsor, ‘The Practitioner of Science’, 231.
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the confidence needed to resist interference. On the other hand, there was a 
continuous interplay between the emerging scientific knowledge about forests 
and water, and the development of public policy in these fields.

The knowledge that came from Jonkershoek and its satellites had its own 
scientific value, but its primary purpose was always to bear testimony of the 
realities of the natural world to policy and practice in the management of 
South Africa’s resources. Over 50 years, during the second half of the twentieth 
century, a continual interplay marked both the evolution of government policy 
for the management of forests, catchment and water supplies in South Africa, as 
well as the scope and course of the research—conceivably, the program would 
not have survived as long as it did without the pressure for information from 
policy makers.

Environmental historians of South Africa have recently begun to investigate 
how these research findings influenced forest science and policy in South Africa 
during this period.2 Scholars offer different interpretations regarding the essence 
and context of research findings and the long-term legacy of Jonkershoek. 
We suggest that these divergent opinions hew closely to the boundaries of past 
and present political debates about the impact of exotic trees on hydrological 
systems; the interest is not exclusively focused on forests, such as studies of 
fire, and attends more broadly to how research from the program generated 
and informed a broader model of ecosystem management in catchments, as for 
example outlined by Simon Pooley.3 This was a model that embraced indigenous 
and exotic vegetation types; whereas a narrow scholarly focus on forestry, 
especially exotic trees, emphasises the particular finding from Jonkershoek and 
its satellite sites, that exotic trees use more water than the indigenous vegetation 
they replace.

One strain of research situates Jonkershoek within the wider context of 
catchment management in South Africa. Pooley’s research on fire and management 
highlight the fact that hydrological researchers, especially Wicht, concluded 
that all forms of vegetation, including exotic trees and indigenous fynbos, 
increased the evaporation from the catchment, relative to the bare soil, and so 
reduced overall streamflow. Ultimately, findings from Jonkershoek led the 1968 
Ministerial Interdepartmental Committee on Afforestation and Water Supplies 
to conclude, ‘that protecting natural vegetation from fire reduced streamflow 
because [as Wicht had suggested] fires were believed to lower average veld age 
and reduce evapotranspiration’.4 This instigated a policy of fire management in 

2  Showers, ‘Prehistory of Southern African Forestry’, 295–322; Pooley, ‘Recovering the Lost History 
of Fire in South Africa’s Fynbos’.
3  Pooley, ‘Recovering the Lost History of Fire in South Africa’s Fynbos’.
4  Ibid.
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fynbos and grasslands to control vegetation density, streamflow, and invasive 
plants, within the framework of formal ecosystems management as determined, 
for example, through the Mountain Catchment Areas Act (see below), in turn 
set within a context of land-use management that encompassed afforestation. 
This national policy fell into decline in the late 1980s and early 1990s. Pooley’s 
last sentence concludes, ‘What remains tantalizing is what the longer term 
environmental outcomes might have been if the collapse of the apartheid state 
had not truncated the state conservation forestry research and management 
program in South Africa in the early 1990s’.5

A second strain of research into the history of forest hydrology has focused 
on the most widely known research findings to come from Jonkershoek—that 
forests transpire and use more water than South Africa’s grasslands and fynbos.6 

Showers points out that the findings from Jonkershoek eventually helped 
overturn the historical assumption that forests conserved water better than other 
types of vegetation, such as fynbos and grassland. The article highlights that 
‘massive tree planting—particularly in the twentieth century—had, indeed, 
changed South African climates near and in the ground. However, rather than 
achieving nineteenth-century dreams of moister regimes for plant roots, alien 
trees were identified as being major contributors to landscape desiccation’.7 
Showers implies that the environmental changes caused by exotic trees, in 
turn, justified the designation of forestry as a Stream Flow Reduction Activity 
in the 1998 National Water Act and led to the creation of a major exotic tree 
eradication program, Working for Water.

This chapter positions itself within South African historiographical and 
environmental and economic policy debates by suggesting that the empirical 
findings produced by researchers at Jonkershoek and policies drawing from 
their work cannot be isolated and abstracted from their wider political and social 
historical contexts and meanings. It argues that the policy recommendations 
based on findings from Jonkershoek were framed within and contributed to 
an evolving national water management strategy that sought to account for a 
variety of forms of land usage, including forestry, agriculture, and indigenous 
ecosystem conservation. National policy regarding forests and water from the 
late 1940s onwards, informed by findings from Jonkershoek, sought to direct 
afforestation to areas with higher rainfall and profitability, and where there 
was little competition for water use, while encouraging catchment management 
on public and private lands through various policies and their statutory 
instruments.

5  Ibid., 76.
6  Showers, ‘Prehistory of Southern African Forestry’, 311–2.
7  Ibid., 312.
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This system neither privileged nor discriminated against forestry as a land use 
at the national level, whereas the current policy framework does discriminate 
against forestry. Rather, South African policies from the 1960s to the early 1990s 
were predicated on the assumption that allocation of land use and thus water 
demand should be determined regionally, according to the comparative economic 
returns of competing land and water uses, and in relation to geographical patterns 
of water supply and demand. In this there was a progressive shift, from a policy 
position in which market forces were allowed to govern afforestation within 
biophysical potentials, to one where market-based decisions were constrained 
by regulated geographical planning regimes, and, finally, one marked by 
slow and burdensome administrative procedures, albeit with the unfulfilled 
promise of the evolution to market-based policy instruments. This  course 
of development was set initially against the background of the protection of 
catchment areas, which included the policy that the vast majority of state forest 
land would remain unforested and the protection of catchments on privately 
owned land would be governed through the implementation of the Mountain 
Catchment Areas Act of 1970. This policy and legislation framework guided 
national forest and water policies until new national legislation and regulatory 
frameworks were created from the late 1980s to the late 1990s, which weakened 
the ecosystems approach to catchment management and introduced a new, 
detailed multi-statute bureaucratic regime.

Initially, afforestation was seldom the demonstrable cause of water shortage; 
the areas afforested were then too small to have had the effects claimed, and 
many complaints were shown to be groundless—such as cases where there had 
been no afforestation in the catchments of the streams at issue. J. D. M. Keet, 
in rebutting I. B. Pole-Evans, analysed the situation:

… any indictment of afforestation must have such far-reaching consequences … 
[that] it can only be based on the most searching and scientific analysis … When 
it is realized how recent has been the policy of rapid extension of afforestation in 
the Union, the degree to which the application of this policy has coincided with 
a decade of sub-normal precipitation [and ‘a steady diminution in the stream 
flow throughout South Africa’], the relatively small proportion of areas suitable 
for afforestation …, the extreme youth of the majority of afforested areas …, 
these antagonists merely express a fear that afforestation will adversely affect 
water supplies …8

Two factors accounted for the complaints, the rural development drive, with 
the focus on irrigation farming, and intermittent severe, prolonged drought. 
But the situation would change progressively, toward real competition, as we 
shall see.

8  J. D. M. Keet, Chief: Division of Forest Management, to Secretary for Agriculture and Forestry, 
‘The Effects of Forests on Water Supply’, C.203 29 May 1935, Wicht Papers, SAFRI Archives, CSIR, Pretoria.
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Irrigation settlements in the provinces of Mpumalanga and Limpopo, a product 
initially of Alfred Milner’s rural anglicisation program, relied on water from 
relatively small streams flowing from the escarpment. The example of the White 
River Estates (see page 106) illustrates the rapid onset of competition for water, 
resolved, temporarily, only after the construction of the Longemere dam in 
1938–1940. On the Politsi River, another small drainage to the north, the Union 
government had constructed an earth canal by 1912, the Tzaneen Irrigation 
District was established in 1918, and by 1926, 99 per cent of normal flow of the 
Politsi was assigned to the Board, which experienced water shortages during 
drought years.9 

These early irrigation settlements had comprehensive ambitions. The Transvaal 
administration supported the Tzaneen initiative with the establishment of the 
Tzaneen Government Estate, an estate of about 6,000 acres intended as ‘a practical 
and theoretical training ground for British settlers’, with a training syllabus and 
research program designed to support an agricultural colony of settlers with 
access to two-thirds of the land on the estate. The syllabus included general farm 
management, horticulture, forestry and other subjects, but the first enrolment 
was of just six students, and by 1908, there were none.10 By 1905, the estate had 
extensive trials of orchard and field crops under way, including plantation trials 
of timber trees: 22 species of pine, and Eucalyptus saligna (probably E. grandis) 
with several other eucalypt species.11 The estate continued until 1918, when 
the land was subdivided into 16 plots and leased off to settlers on the Tzaneen 
irrigation scheme, the government initiative having been defeated by poor 
transport links, high production costs, and lack of enterprise.12 

It was after Union, and especially after World War I, that rural settlement by, 
preferentially, British returned soldiers accelerated. During the period from 
1912 to around 1930, about 400,000 ha of land was put under irrigation through 
the Irrigation Board’s schemes (these were for private farmers), followed by 
a further 350,000  ha in the period to the 1940s by the government white 
settlement schemes.13 The former were located toward the headwaters of smaller 
catchments, such as the White River (see below), while the latter were located 

9  A. R. Turton et al., A Hydropolitical History of South Africa’s International River Basins (Pretoria: Water 
Research Commission, 2004), 330–7.
10  Praagh, The Transvaal and Its Mines, 181; Menno Klapwijk, The Story of Tzaneen’s Origin (Unknown 
Publisher, 1974), 12, 22–31. The fate of the estate is not known, but it does not seem to have lasted long. 
11  Klapwijk, The Story of Tzaneen’s Origin, 26. Klapwijk cites the report of H. S. Altenroxel in the Transvaal 
Agricultural Journal, 4 (1905/1906).
12  Ibid., 31.
13  S. R. Perret, ‘Water Policies and Smallholding Irrigation Schemes in South Africa: A History and New 
Institutional Challenges’, Water Policy, 4 (2002): 283–300, Table 1. 
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mainly on major drainages such as the Vaal and Orange rivers. Evidence suggests 
that earlier irrigation settlements were often located and planned without 
sufficient knowledge of water supply and the need for reservoir storage.14 

Despite serious intent, like Tzaneen, the settlements were vulnerable, involving 
mainly unskilled people settling in an unknown land, having little know-how 
and little capital, in locations mostly without adequate transport to distant 
markets. Poor water supply added to their anxieties, and the early round of 
settlement had little success.15 The tone of entreaty in the exchange between 
Captain Palmer, Reitz and Keet about the White River in the early 1930s suggests 
this vulnerability. 

Still, the developments created new farming interest groups in incipient 
competition with afforestation, a competition that was apparent rather than real 
initially: it was the series of severe and prolonged droughts from the early 1920s 
to the early 1930s that were most often cited as cause for the complaints.16 In the 
regions of main new afforestation, the eastern escarpment of the Great Plateau 
in what are now the provinces of Mpumalanga and Limpopo, the running 
mean annual rainfall declined by 30 per cent or more during in this period 
(see Figure 10, and other figures in Wicht, ‘Afforestation and Water Supplies’). 
Continued afforestation would in time cause real competition, especially since 
the plantations were located mainly in higher rainfall regions that were often 
the upstream sources of locally and regionally important water supply.

 By 1949, the area of plantations on state forest land amounted to about 173,000 ha. 
The total afforested area in South Africa, including private plantations, was 
311,000 ha.17 The area was a small fraction of South Africa’s extent, but the 
plantations were often located within the catchments of important streams. 
Complaints of loss of supplies to towns arose for the first time, and though these 
were mostly attributable to rainfall decline, the signs were there of tightening 
competition for water. And in this respect, Keet was to be proved wrong: 
the  extent of plantings may have been small as a fraction of the country as 
a whole, but the local and regional effects of afforestation on water resources 
became the urgent issue for several decades.

14  See Chapter 3; F. E. Kanthack in a letter to the Dominions Royal Commission in 1914 reported that ‘very 
complete gaugings exist for some few rivers in the Transvaal, ranging over a period of seven or eight years, 
in other parts of South Africa information regarding rivers is either entirely wanting, or is now only being 
acquired’, Dominions Royal Commission, Royal Commission on the Natural Resources, 52, Appendix V.
15  Fedorowich, ‘Anglicisation and the Politicisation of British Immigration to South Africa; Worsfold, 
The Reconstruction of the Colonies under Lord Milner. By 1913 the number of British settlers in Transvaal had 
fallen to 450 from 550.
16  See C. L. Wicht, Forestry and Water Supplies in South Africa, Bulletin No. 33 (Pretoria: Department 
of Forestry, Union of South Africa, 1949), figures 6–8. 
17  W. E. Watt, Director of Forestry, in ibid., Preface.
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By the 1960s, the total afforested area approached 1 million ha. Successive analyses 
showed that, in economic terms, water use upstream in the plantations was more 
cost-beneficial than for downstream irrigated agriculture, or for alternative land 
uses in the headwaters, but there was no coherent system guiding the allocation 
of water, whether through the market or by regulation. Creation of storage by 
damming the streams allowed both forest development and irrigation, up to a 
point, and at this point restrictive regulation of afforestation emerged, as the 
first means of managing the competition for water. The account that follows 
examines this line of historical development in policy on forests and water.

1949: Forestry and water supplies in South Africa
Although the total area afforested by 1949 was less than 0.3 per cent of South 
Africa’s land area, the Department of Forestry, ‘alive to the possible effects 
which extensive forests of exotic trees may have on water supplies’ and aware 
of the ‘considerable concern’ among members of the public about this, sought 
an authoritative statement on the issue. The department, still being far off its 
goal of around 700,000 ha of sawlog forest, was perhaps concerned that public 
opinion based on false premises would lead to political action that would curtail 
the program.18

The department wrote 60 letters to ‘prominent persons’ and received 36 replies 
with opinions on, or claims of, afforestation effects on water supplies. 
C. L. Wicht, by this time steeped in the science and informed by his 12 years of 
experimentation and observation at Jonkershoek, was assigned to develop an 
authoritative statement through a reconnaissance of catchment areas throughout 
the country, investigating ‘instances where afforestation is alleged to have had a 
desiccating effect on water supplies’.19

Wicht interpreted his brief as being to ‘synthesize the meagre and sometimes 
problematic data available [on forests and water] into a coherent statement, 
from which practical recommendations can be deduced’.20 He consolidated 
early evidence from the analyses of rainfall and streamflow at Jonkershoek with 
his on-site investigations of 21 claimed cases of desiccation within the forestry 
regions of South Africa, reported in response to the department’s opinion survey, 
together with a survey of the world’s contemporary literature. The outcome was 
the 1949 report, Forestry and Water Supplies in South Africa.

18  Watt in ibid., 58.
19  Watt in ibid., Preface.
20  Wicht, Forestry and Water Supplies in South Africa, 1.
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The 1934 report by T. E. W. Schumann and W. R. Thompson21 had provided 
a scientific account of the geographical patterns of and secular variations 
in rainfall in South Africa as a whole. Wicht added to this by analysing 
geographical, secular and seasonal variations in climate, especially rainfall, 
drought, and temperature within forestry regions, using the growing number 
of climate records for stations within eight forestry regions delineated for South 
Africa. With this, Wicht could focus on forestry potential and draw secure 
inferences about patterns and variations among these forestry regions. At this 
time, the  Jonkershoek afforestation experiment had not yet yielded results, 
but he could draw on the emerging body of forest hydrological knowledge, 
including Joseph Kittredge’s book, Forest Influences, published in 1948,22 
and crucially, on early experimental results from Coweeta in the US, where 
deforestation treatments yielded quicker results than the converse, afforestation 
experiments in South Africa. His active program at Jonkershoek had generated 
important new insights into streamflow responses to rainfall and drought, 
into the relationship between annual evapotranspiration losses and rainfall 
and vegetation, and provided knowledge of hydrological processes such as 
interception and infiltration that allowed critical interpretation of findings from 
elsewhere.

Of the 21 cases of claimed loss of water supplies owing to afforestation, Wicht 
found that the greater majority were groundless, either because the area planted 
at the time was too small to explain the claimed decrease, or because there had 
been no afforestation in the relevant catchment. In 14 cases he thought the claims 
were invalid because of lack of evidence or on the grounds that recent drought 
had caused streamflow decline.23 For example, he could readily rebut the claim 
that afforestation had affected the Eerste River (the drainage from Jonkershoek) 
since only about one-tenth of the rain in the Eerste River catchment fell on 
slopes to be planted, of which less than half had been planted, and that it was 
‘quite unlikely that this degree of afforestation could noticeably affect the flow 
of the river’. He could corroborate this by an early analysis comparing effects 
of a young plantation at Jonkershoek (where planting had begun in 1941) in a 
paired-catchment study: he could find no effects. Furthermore, 80 per cent of 
rainfall in the upper catchments fell on mountain areas never to be afforested, so 
that the department’s program could not materially affect the Eerste River water 
supply. But Wicht did find cases where dense plantings of eucalyptus grown 
on a short rotation (around a 10-year cycle) for mining-timber were associated 

21  Schumann and Thompson, A Study of South African Rainfall.
22  Kittredge, Forest Influences.
23  See Wicht, Forestry and Water Supplies in South Africa, figures 2 and 8.
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with streamflow decline, and in these he attributed the loss in water supply to 
meaningful afforestation effects, despite secular rainfall decline. These were also 
where rainfall was at the low end for forestry.

Wicht concluded, from the examination of the ‘considerable’ geographical 
variation among the forestry regions in rainfall and streamflow together with the 
analyses of the Jonkershoek experiments, that the amount of evapotranspiration 
at any place was related to the amount available and to the type of vegetation. 
Evapotranspiration losses in higher-rainfall regions were much greater than in 
dry parts, which ‘must largely be ascribed to the higher transpiration of the 
more luxuriant vegetation’: at Jonkershoek, in one catchment with several years 
of record, streamflow varied year to year with rainfall, but evapotranspiration 
remained quite constant. Where vegetation exists (as it must in regions with 
enough moisture to sustain streams), transpiration exceeds direct evaporation. 
Wicht concluded that ‘[t]he role played by vegetation in water conservation, 
including its influence on stream discharge has generally been underestimated’.24 
Annual streamflow volumes were principally from baseflow, not stormflow. 
The  early research on diurnal vapour losses, which reduced flows on very 
sunny days, had shown the clear effects of the drought on baseflow arising from 
transpiration by vegetation.

From this arose the central concept in the report that ‘[t]he portion of water 
returned to the atmosphere is decisive in determining the water cycle or water 
economy within the catchment’; vegetation cannot exist without transpiration, 
and the policy question was how transpiration changed with vegetation change, 
rather than whether the catchment was forested or not.25 Managing catchments 
for water supplies involved a trade-off between vegetal cover, or biomass 
productivity, and water supply, because ‘[g]round cannot … be preserved unless 
it is covered by vegetation; its conservation depends, in fact, on maintaining 
entire ecosystems’. He thus also expressed the idea that catchment management 
was a matter of ecosystems management: ‘A knowledge of ecosystems as wholes 
is necessary to understand fluctuations in the discharge of streams’.26

24  Wicht, Forestry and Water Supplies in South Africa, 25. 
25  Ibid., 22.
26  See also C. L. Wicht, ‘Summary of Forests and Evapotranspiration Session’, in W. E. Lull and W. H. 
Sopper (eds), International Symposium on Forest Hydrology (Oxford: Pergamon Press, 1967), 493.
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Wicht’s conclusions from these observations have mostly been borne out by 
scientific findings since then: under the same conditions, plantations of exotic 
trees would not use more water than indigenous forests;27 such plantations 
would use more water than fynbos or grassland; the quantity of water used by 
vegetation would depend ‘chiefly on the amount of water available in the soil’: 
fast-growing trees would not necessarily use more water than slow-growing 
ones;28 and the removal of vegetation from catchments, especially in the riparian 
zone, would increase streamflow.29

From this study arose clear policy lessons for afforestation. Afforestation should 
be restricted to regions with higher rainfall. Long-rotation timber crops were 
to be preferred over short-rotation. Sites for afforestation should be chosen and 
managed with care. Riparian zones should not be afforested where water use 
downstream was for high-value industries. These findings reinforced existing 
forestry practice and policies. Since the 1920s, most private and public timber 
plantations were created in the higher rainfall areas of the Transvaal and Natal 
and less were created in the arid Cape. South African foresters kept a safe buffer 
distance—at least 20  metres—between plantations and the riparian zones of 
streams as a result of the 1932 policy changes.

Despite the lessons and the crucial introduction of the ecosystem concept to 
catchment management, the 1949 report did not lead to any specific new law or 
other policy instruments to manage the relation between afforestation and water 
supplies. Its findings tended to reinforce the policies and practices of the time. 
The department’s annual report noted, ‘With the expanding need for increased 
water supplies, particularly for urban and industrial developments, water 
supplies from forest reserves had become increasingly important’ (noting the 
examples of Cape Town and Sabie), land continued to be acquired for catchment 

27  Several authors continue to claim that indigenous forests (as opposed to fynbos or grasses) use less 
water than exotic trees. But in important forestry climatic zones, when there are similar conditions, water 
use by plantations and South African indigenous forests does not differ. See M. B. Gush, ‘Water-Use, Growth 
and Water-Use Efficiency of Indigenous Tree Species in a Range of Forest and Woodland Systems in South 
Africa’ (PhD Thesis, University of Cape Town, 2011). For earlier work in East Africa, see H. C. Pereira and 
P. H. Hosegood, ‘Comparative Water-Use of Softwood Plantations and Bamboo Forest’, Journal of Soil Science, 
13 (1962): 299–313. 
28  This is true if the measure is water-use efficiency, i.e. the amount of water consumed per unit of growth. 
In South Africa, water-use efficiency is highest in fast-growing species of Eucalyptus: R. M. Wise, P. J. Dye, 
and M. B. Gush, ‘A Comparison of the Biophysical and Economic Water-Use Efficiencies of Indigenous and 
Introduced Forests in South Africa’, Forest Ecology and Management, 262 (2011): 906–15.
29  Wicht’s early study of daily rise and fall in streams during periods of drought led to several subsequent 
pieces of research: Wicht, ‘Diurnal Fluctuations in Jonkershoek Streams’; H. B. Rycroft, ‘The Effect of Riparian 
Vegetation on Water Loss from a Furrow at Jonkershoek’, Journal of the South African Forestry Association, 
26 (1955): 2–9; C. H. Banks, ‘The Hydrological Effects of Riparian and Adjoining Vegetation’, Forestry in 
South Africa, 1 (1961): 341–5; D. F. Scott, ‘Managing Riparian Zone Vegetation to Sustain Streamflow: Results 
of Paired Catchment Experiments in South Africa’, Canadian Journal of Forest Research, 1 (1999): 1149–57. 
Hursh made a strong point of this in his commentary on Wicht’s 1943 paper: C. R. Hursh, in C. L. Wicht, 
‘Determination of the Effects of Watershed-Management on Mountain Streams’, 607.
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protection, and afforestation proceeded in both the public and the private 
sectors, governed it seems by the availability of land in areas with suitable 
climate, and the finance available to execute the afforestation.30 From this point 
on the nature of the evidence required and the terms of the policy arguments 
about afforestation and water supply in South Africa had been established.

The Ministerial Interdepartmental Committee 
on Afforestation and Water Supplies, 1968
New innovations in the forestry sector, such as improved species selection and 
better silvicultural techniques, allowed private and public foresters from the 
1940s to 1960s to successfully expand large plantations of pines, eucalyptus and 
wattle that were located primarily in Natal, Zululand and the Transvaal.31 The size 
of afforested areas in South Africa nearly doubled—from about 0.6 million ha 
in the mid-1940s to 1  million in 1968—and the industry entered a period 
during which there was an immense shift, when the area of wattle decreased in 
response to declining market demand and the area under eucalypts and pines 
grew disproportionately.32 This rapid afforestation and shift in the composition 
of plantation resources led to considerable concern amongst water resource 
managers working for the Department of Water Affairs and among members of the 
farming community, especially in areas near large-scale government and private 
plantations in the eastern and northern Transvaal (what are today Mpumalanga 
and Limpopo provinces) and present-day KwaZulu-Natal. Meanwhile, the first 
definitive findings on the effects of afforestation on streamflow at Jonkershoek 
appeared in 1963, 28 years after the program had begun.33 

Against these concerns, the government appointed the Ministerial 
Interdepartmental Committee on Afforestation and Water Supplies, which 
reported in 1968. The committee was partly a response to the publication of the 
1961 Report of the Interdepartmental Committee on the Conservation of Mountain 
Catchments in South Africa, the so-called ‘Ross Report’, based on work that ran 
from 1952 to 1961. This major report recommended a national plan for managing 

30  J. D. M. Keet, Historical Review of the Development of Forestry in South Africa, MS available online 
(Pretoria, c 1970), www2.dwaf.gov.za/webapp/resourcecentre/Documents/Publications_And_Media/Keet_
Forestry_History_page_41-66.pdf, 107.
31  Department of Forestry, Investigation of the Forest and Timber Industry of South Africa: Report on South 
Africa’s Timber Resources, 1960 (Pretoria: Government Printer, 1964), 6.
32  D. W. van der Zel, ‘Sustainable Industrial Afforestation in South Africa under Water and Other 
Environmental Pressures’, in Sustainability of Water Resources under Increasing Uncertainly (Proceedings of the 
Rabat Symposium S1, April 1997), IAHS Publication No. 24 (1997), 217–25, 220. P. J. Dye and D. B. Versfeld, 
‘Managing the Hydrological Impacts of South African Plantation Forests: An Overview’, Forest Ecology and 
Management, 251 (2007): 121–8. 
33  C. H. Banks and C. Kromhout, ‘The Effect of Afforestation with Pinus radiata on Summer Baseflow and 
Total Annual Discharge from Jonkershoek Catchments’, Forestry in South Africa, 3 (1963): 43–65.
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the catchments on private land, reflecting the fact that most catchment land was 
private property (80 per cent) with equal percentages in state (10 per cent) and 
‘Trust’ tenure (10 per cent).34

The 1968 committee included representatives from five government departments, 
including Forestry and Water Affairs. Each member was a recognised expert 
in such fields as water resources management, climatology, agriculture and 
forestry. The comprehensive terms of reference included investigation of 
afforestation effects on catchment water yields, compared with alternative 
vegetation types and land uses, to determine the effects of forestry at different 
scales, and to make recommendations on how to mitigate or otherwise ‘temper’ 
afforestation effects.35

The committee canvassed opinion among farmers, water resource managers and 
others concerned about afforestation effects by analysis of over 100 questionnaires 
returned by landowners, farmers’ associations and other interested parties, 
and investigated the causes and reason for all the resulting claims of the loss 
of water supplies. It was from these eastern, summer rainfall forestry regions 
that the committee received questionnaire returns, and their report focused on 
this region.

Research in South Africa by this time had progressed to the point that the first 
analyses of afforestation effects had been published, and the relative effects on 
floods and baseflow were becoming evident, as was consumption of water by 
riparian vegetation. The distribution of streamflow in upland catchments between 
stormflow and baseflow was now well understood. Wicht acted as consultant 
to the committee and compiled a critical review of knowledge on the subject 
from work in South Africa as well as relevant evidence from bioclimatically 
analogous regions elsewhere in the world,36 to build upon and extend his 1949 
report. This critical review seems to have been the first in this field, anticipating 
by nearly a decade a similar review by the US Forest Service.37 The committee’s 

34  Wicht, Forestry and Water Supplies in South Africa, 27, 39–42. By ‘Trust’ land is meant land acquired 
for allocation to the former homelands in terms of Native Trust and Land Act, 1936  (Act No. 18 of 1936; 
subsequently renamed the Bantu Trust and Land Act, 1936 and the Development Trust and Land Act, 1936).
35  Department of Forestry, Report of the Interdepartmental Committee of Investigation into Afforestation 
and Water Supplies in South Africa (Cape Town: Republic of South Africa, 1968), 2. 
36  C. L. Wicht, Afforestation and Water Supplies: A Review of Literature Prepared for the Interdepartmental 
Committee on Afforestation and Water Supplies, Cyclostyled (University of Stellenbosch, 1966).
37  H. W. Anderson, M. D. Hoover, and K. G. Reinhart, Forests and Water: Effects of Forest Management on 
Floods, Sedimentation, and Water Supply, General Technical Report PSW-018 (Berkeley, CA: US Department 
of Agriculture, Forest Service, Pacific Southwest Forest and Range Experiment Station, 1976), 115. 
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report thus took account of the best available knowledge on vegetation and water 
supplies, complemented by the knowledge and perspectives of the committee 
members on water resource conflicts and outlooks.38

The weight of evidence from Wicht’s critical review allowed the committee to 
agree on the hypothesis that ‘the hydrological influences of vegetation, all other 
factors being constant, are correlated with the degree to which it utilizes the 
site’.39 The report acknowledged that exotic trees impacted hydrological cycles 
when planted in catchment areas. But it was not the kind of vegetation, or the 
species that characterised it, or whether exotic or indigenous, but simply its 
‘phytomass’, the biomass of the vegetation, which determined the effect on the 
water balance and hence on water supply. In other words, the committee viewed 
both forests and indigenous vegetation as water users affecting catchments. 
The issue was not which vegetation type used more water—all vegetation used 
water—but how the water should best be used. Forestry would fit within a 
national framework determining the maximum benefit of water rather than 
seeking to find out merely whether trees used more water than other vegetation 
or ground covers.

Building on their central hypothesis, the committee accepted a graphical model 
that represented the relationships between plantation forest cover, forest 
stand age, stand rotation, and rainfall that could allow estimates of effects of 
afforestation on streamflow. This model became known as Nänni curves, named 
after Ugs Nänni, the Secretary to the committee, who constructed the model 
from available experimental evidence and deductive inferences about the 
a priori physical limits to evapotranspiration under different rainfall regimes in 
forestry zones.40

The report agreed with Wicht’s view that riparian vegetation disproportionately 
influenced streamflow, and the importance of the management of this zone in 
water conservation. But the committee confirmed that it was essential to manage 
all types of vegetation in catchments. Yet another of the key findings of the 

38  Committee members were H. L. Malherbe (Secretary of the Department of Forestry), E. K. Marsh 
(Chief Forest Research Officer), U. W. Nänni (Forest Research Officer, Cathedral Peak, Secretary), C. E. M. 
Tidmarsh (Department of Agricultural Technical Services), F. S. Greyvenstein (Department of Water Affairs), 
J. S. Whitmore (Director of the Hydrological Research Institute, Department of Water Affairs), and J. C. Cox 
(Department of Water Affairs); Wicht was scientific advisor.
39  Department of Forestry, Report of the Interdepartmental Committee of Investigation into Afforestation 
and Water Supplies in South Africa, 29–31.
40  U. W. Nänni, ‘Trees, Water and Perspective’, South African Forestry Journal, 75 (1970): 9–17. 
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committee was that fire should be used to control the biomass of indigenous 
vegetation in catchment areas.41 The committee could also agree that in South 
Africa, forests did not affect rainfall.42

Additionally, the committee compared the economics of water use across 
different sectors (e.g. forestry, agriculture, etc.) and found that forest enterprises 
were, with few exceptions, more beneficial than alternative upland land uses in 
terms of financial returns to water consumption.43 By using the Nänni curves 
to predict streamflow alongside an economic analysis of water consumption, 
the committee offered an evidence-based model to determine what types of 
land use were best suited to South Africa’s different geographies. The Nänni 
curves would become embedded in policy frameworks that flowed out of the 
committee’s report. The model, subsequently refined by Diek van der Zel,44 
was the key to the afforestation permit system, legislated for the purposes of 
regulating new afforestation (see below).

The committee concluded with a series of detailed policy recommendations, 
which had far-ranging consequences, not only with respect to policy and 
practice on forests and water, but also to the science program.

The long-run consequences of the findings of the 
Committee on Afforestation and Water Supplies: 
Afforestation permits and catchment planning
The principal conclusions of the 1968 committee informed South African forestry 
policies for the next 30 years. Most importantly, the committee recognised the 
need to create ways for resolving water-use conflicts among competing interest 
groups. The report served to advance thinking about water resources toward the 
concept that is now called ‘integrated water resources management’, building on 
Wicht’s argument that catchment management should be aligned with broader 
water supply objectives.45 Though disagreements over water uses continued 
to happen after the 1968 report, there emerged clear legislative methods for 
determining water allocation in South Africa based on these findings.

41  Pooley, ‘Recovering the Lost History of Fire in South Africa’s Fynbos’, 67.
42  Department of Forestry, Report of the Interdepartmental Committee of Investigation into Afforestation 
and Water Supplies in South Africa, 30–1, 37–40.
43  See Nänni, ‘Trees, Water and Perspective’.
44  D. W. van der Zel, ‘Accomplishments and Dynamics of the South African Afforestation Permit System’, 
South African Forestry Journal, 172 (1995): 49–58; van der Zel, ‘Sustainable Industrial Afforestation in South 
Africa under Water and Other Environmental Pressures’.
45  C. L. Wicht, ‘The Effects of Timber Plantations on Water Supplies in South Africa’, in Proceedings of the 
Symposium of Hannoversch-Münden, 8–14 September 1959 (Hannoversch-Münden: International Association 
of Scientific Hydrology, n.d.), 238–44.
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A related government decision in 1966 appointed the Commission of Enquiry 
into Water Matters. Given South Africa’s situation as a semi-arid country, 
and the anticipated growth in water use, the commission investigated and 
advised on ‘all aspects of water provision and utilisation within the Republic’, 
with a specific requirement to determine the areas that should be allocated 
for afforestation and timber production.46 The findings of the committee on 
Afforestation and Water Supplies fed into the work of the commission. Among 
other things the commission’s findings outlined a strategy for managing the use 
of water resources in the country.

Subsequent legislation enshrined aspects of the committee and commission’s 
findings into the statutory instruments of forests and water policy. The 1968 
report recommended that the state should further extend catchment management 
in mountain catchment areas. Since not all necessary catchment land could be 
acquired by the state, this recommendation led to the first national legislation 
for catchment management on land in private hands. The promulgation of the 
Mountain Catchment Areas Act 63 of 1970 provided for the demarcation of 
catchment areas, including private land, and placing such areas under joint 
management plans involving the Forestry Department and private landowners 
(and which, with the Abolition of Racially Based Land Measures Act 108 of 1991, 
now applies to all land in South Africa). The Act gave effect to Wicht’s 1949 
concept of catchment management being ecosystems management. The plans 
would deal with the conservation of land for the purposes of catchment 
protection, for example, through the management of fire in vegetation, and by 
an amendment in 1981, specifically the prevention of soil erosion and the control 
of ‘intruding vegetation’, i.e. alien invasive plant species.47 Foresters—under 
this and concurrent legislation—were responsible for managing catchments 
for downstream users, determining which catchment areas could be afforested 
for economic benefits, and maintaining the sustainability of indigenous 
ecosystems.48

An amendment in 1972 to the Forest Act created an afforestation permit system 
that required landowners to apply for permits prior to afforesting. Diek van der 
Zel refined the Nänni curves to improve predictions of the effects of proposed 

46  Republic of South Africa, Report of the Commission of Enquiry into Water Matters (Pretoria: Department 
of Water Affairs, 1970), 1.
47  Mountain Catchment Areas Act (No. 63) of 1970 as amended Section 3.
48  By 1981, approximately 4,000 km2 of private land in fynbos ecosystems had been proclaimed Mountain 
Catchment Area; ultimately, nearly 20,000 km2 of private and state land was to be managed for water conservation 
in terms of this Act: F. J. Kruger, ‘Use and Management of Mediterranean-Type Ecosystems in South Africa: 
Current Problems’, in C. E. Conrad and W. C. Oechel (eds), Proceedings of the Symposium on Dynamics and 
Management of Mediterranean-Type Ecosystems; June 22–26, 1981; San Diego, CA (Berkeley, CA: Pacific Southwest 
Forest and Range Experiment Station, Forest Service, US Department of Agriculture, 1982), 42–8.
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afforestation.49 The amendment also created a consultative framework that 
engaged water, forestry, agriculture and environmental sectors in decision-
making processes of where new plantations would be located. The system was 
administered by an interdepartmental Central Afforestation Permit Committee, 
which considered applications that had been examined by equivalent provincial 
committees.

To determine what areas would be suitable for afforestation, an Interdepartmental 
Committee for the Indication of Priority Areas for Afforestation (the Afforestation 
Priorities Committee) published a land classification system in 1975, employing 
van der Zel’s refinement of the Nänni curves, vegetation surveys, and land 
capability and water resources assessments.50 They assessed the extent and 
location of land suitable and potentially available for afforestation (excluding 
land suited to agriculture) and stipulated three classes of catchment: Category I, 
in which no new afforestation would be allowed; Category II, where further 
afforestation would be permitted, to the degree that 5 per cent of streamflow 
could be reduced; and Category III, in which further afforestation to the point 
of a 10 per cent reduction in streamflow would be permitted. From 1972 to 1994, 
the permit system prevented afforestation in catchments where competition for 
water was severe and directed afforestation to other areas where water was more 
freely available.

Guide planning for expansion of the plantation forest resource followed 
soon after to support the institution of the Afforestation Permit System. 
The Afforestation Priorities Committee reported in December 1975 on the area of 
land that would be required to satisfy South Africa’s timber needs, as projected 
to the year 2000. From their projected estimates of timber demand (which were 
optimistic, suggesting 32 million cubic metres consumption by 2000, whereas 
the actual in that year was around 18 million), they estimated that the area of 
plantation forests would need to increase 2.3-fold over, from about 1 million ha 
in 1972 to 2.34 million ha. From reconnaissance surveys of each forest region, 
the committee reckoned that a little more than 1 million ha was suited to and 
potentially available for additional afforestation.51

49  Van der Zel, ‘Accomplishments and Dynamics of the South African Afforestation Permit System’, 49–58; 
van der Zel, ‘Sustainable Industrial Afforestation in South Africa under Water and Other Environmental 
Pressures’.
50  Departement van Bosbou, Verslag van Die Interdepartementele Komitee vir die Aanduiding van 
Prioriteitsgebiede vir Bebossing (Pretoria: Republic of South Africa, 31 December 1975).
51  Ibid., Tables 1, 2, paragraph 10 5–6, paragraph 37, 39; the estimates of area for new afforestation 
included land in the then ‘homelands’, excluded land in Category I catchments, and took account of the 
constraints in the other categories of catchments.
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The case of afforestation in the Eastern Transvaal is an interesting illustration of 
this guide planning approach. The Water Planning Committee for the Eastern 
Transvaal (appointed by the Minister of Water Affairs, and including two 
senior representatives of the Department of Forestry) compiled a plan for the 
distribution of water supplies among competing sectors based upon estimates 
of the water-resource balances for the eastward-flowing rivers of the then 
Transvaal, including the White and Sabie rivers.52 At the time, the extent of 
plantations in the area the committee investigated was 341,000 ha, 2.6 per cent 
of the whole area, but concentrated in the narrow zone with average annual 
rainfall exceeding about 800 mm per year, along the escarpment from Swaziland 
to the Soutpansberg. The Afforestation Priorities Committee had found that in 
this region perhaps as much as a further 430,000 ha was suitable and potentially 
available for afforestation, though only about 300,000 ha had good potential, 
mostly located in the catchments of the Crocodile and Komati rivers.

This committee held public hearings during 1973 during which participants 
made representations on the advantages and disadvantages of forestry (including 
spokespersons for the 40 irrigation districts that existed within the area). Expert 
analyses to inform the committee included an analysis by the new Institute of 
Hydrology, which found that the 57 per cent afforestation of the White River 
catchment (all state plantations, which had by then matured) had caused a 
37 per cent reduction in annual streamflow. They based the planned distribution 
of water use among sectors on the water supply and demand situation projected 
to the year 2000, at which time they anticipated that there would still be an 
overall surplus of water supply, but expected shortages in certain catchments. 
Their water resource balance sheet provided for environmental flows to the 
Kruger National Park, as part of consumption in primary ‘rural’ use, as well 
as for towns, industries, and power generation, and finally, as lowest priority, 
irrigated agriculture and plantations.

With the estimated actual water use in 1970 (1.67 million cubic metres per 
year) as baseline, the committee projected a requirement of 3.27 million cubic 
metres per year in 2000, almost a doubling. Consumptive use of 432,000 cubic 
metres was attributable to plantations in 1970, while the projection provided for 
592,000 cubic metres, i.e. from 26 per cent to 18 per cent equivalent of use by 
other sectors—equivalent in the sense that the consumption was the estimated 
reduction in streamflow attributable to plantations, whereas other uses were 
proportions of assured supply, two variables that are not commensurate. 
The plan provided for resources required in Mozambique and Swaziland, and 
allowed for a threefold increase in the provisions overall for primary rural use, 

52  Excluding the southernmost catchment in the region, the Usuthu; Waterbeplanningskomitee vir 
Oos-Transvaal, Waterbeplanning vir Oos-Transvaal, Verslag Waterbeplanning Vir Oos-Transvaal (Pretoria: 
Republic of South Africa, April 1980).
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towns, industry and power generation, 1.5-fold for irrigation, and 1.4-fold for 
forestry.53 To provide this, the capacity of water infrastructure (such as dams 
and reticulation systems) would need to be doubled.

The Eastern Transvaal Committee used the work of the Afforestation Priorities 
Committee to plan for the regulation of Eastern Transvaal afforestation ‘in the 
national interest’ to supply the country’s timber needs without putting 
other sectors at a disadvantage. Calculations from the Nänni curves and local 
rainfall data, the assessed water use by currently afforested areas, the national 
afforestation potential assessment, the catchment classification of the Central 
Afforestation Permit Committee, and their assessments of current and future 
water supply and demand allowed appraisals for each of the 17 catchments 
within their planning region. They estimated that the afforested area could 
increase from the current (1972) area of about 342,000 ha, to 439,000 in 1985 
and 500,200 in the year 2000. Of the 17 catchments, two had no plantations 
and should not be afforested at all, and in a further six, no further afforestation 
could be allowed, despite their potential. The Letaba catchment, where Wicht 
in 1949 had found mining-timber plantations of Eucalyptus grandis to be the 
culprits of water reduction, was one of these, and another was the Sabie, 
where most government sawlog plantations had been established from the 
1930s onward; and the White River, a sub-catchment of the Crocodile, was also 
‘closed’. Just four of the 17 were eligible for substantial increases in plantation 
area, and here afforestation would be allowed to account for nearly 140,000 of 
the envisaged 160,000 ha of new afforestation.54 As the development of forestry 
unfolded, the area actually afforested by 2008 was 400,000 ha, 100,000 short 
of what the Eastern Transvaal Committee allowed for.55

Up to the time of the work of the Eastern Transvaal Committee, in areas such as 
the Sabie and White River catchments, most afforestation had been by the state. 
A period of rapid investment by the private sector followed. Sappi, which had 
completed the pulp and paper mill at Ngodwana on a tributary of the Crocodile 
River in 1963 and had begun buying farmland for afforestation in 1961, enlarged 
the mill in 1985 having expanded its plantations in parallel.56 Hunt Leuchars 

53  Ibid., 2–3, 57–63. 
54  Waterbeplanningskomitee vir Oos-Transvaal, Waterbeplanning vir Oos-Transvaal, 57–63.
55  Department of Agriculture and Forestry, State of the Forests Report 2011, www2.dwaf.gov.za/webapp/
resourcecentre/Documents/Reports/Stateoftheforestsreport_web.pdf (accessed 14 October 2013), 9. The 1980 
committee report did not encompass the Usuthu catchment in the south of Mpumalanga, which in 2002 had 
160,000 ha plantation, which we subtracted from the total area of 560,000 ha stated for Limpopo and Mpumalanga 
in the State of the Forests Report 2011—see section 7.3 in Department of Water Affairs and Forestry, Overview of 
the Water Resources of the Usutu-Mhlathuze Water Management Area (Pretoria: Republic of South Africa, 2002), 
www.dwaf.gov.za/sfra/SEA/usutu-mhlathuze%20wma/Hydro-Economic%20Component/Overview%20of%20
water%20resources%20of%20the%20U-M%20WMA.pdf (accessed 14 October 2013). 
56  Sappi, ‘Company History’, www.sappi.com/regions/sa/group/Pages/Company-history.aspx (accessed 
16 October 2013).
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and Hepburn, an old Natal timber and forestry firm, began to buy up farms 
in the White River region in the mid-1970s, when orchard farming there was 
undermined by disease, to plant eucalypts for mining-timber.57 In the Crocodile 
catchment, where these developments unfolded, plantations amounted to about 
144,000 ha by 1972, and the Eastern Transvaal Committee envisaged a further 
48,000 (excluding the catchment of the White River). Under the administration 
of the Afforestation Permit System, the plantation area grew to its present 
177,500 ha,58 around 15,000 ha less than the committee suggested.

The case of the Eastern Transvaal, and the Crocodile catchment within it, 
illustrates the general course of forestry development that followed on the 
adoption of the Afforestation Permit System. Diek van der Zel reported in 
1995 that between 1972 and 1994, the Central Committee received about 
4,300 applications for permits, for a total proposed area of afforestation of 
1.1 million ha. Of these, the committee approved nearly 3,900 applications, for 
an area of about 940,000  ha, and of this 430,000  ha was planted. Clearly,  as 
van der Zel concludes and as the Eastern Transvaal history illustrates, the 
permit system as administered did not hinder investment in new plantations, 
but rather directed these plantations toward sites of higher forest productivity, 
where competition for water was not yet a constraint, and away from catchments 
where the water was no longer available.59

Within these planning guidelines, the afforestation of eucalypts and pines 
continued consistently in the Transvaal (currently Mpumalanga and Limpopo 
provinces) and Natal (currently KwaZulu-Natal) until the early 1990s, when 
the afforested area in South Africa culminated at nearly 1.5  million  ha.60 
Forest  products and industrial production of them was one of the fastest 
growing sectors of the South African economy from the 1960s to the early 
1990s.61 By  1993, forestry and forest products contributed 2.01 per cent of 
South Africa’s GDP.62

57  Witt, ‘“Clothing the Once Bare Brown Hills of Natal”’, 107; Interview, Stoney Steenkamp, Bedrock 
Mining Support, White River, 9 October 2013. Bedrock Mining Support is a private firm that acquired the 
farms originally afforested by Hunt, Leuchars and Hepburn, as well as mining-timber plantations from Sappi, 
and with 30,000 ha under Eucalyptus grandis supplies 68 per cent of South Africa’s mining-timber requirement 
of about 800,000 tonnes per year.
58  Department of Water Affairs and Forestry, Internal Strategic Perspectives: Inkomati Water Management 
Area – Version 1 (March 2004) (Pretoria: Department of Water Affairs and Forestry, 2004), www.dwaf.gov.za/
Documents/Other/WMA/5/optimised/INKOMATI%20REPORT.pdf, 41. 
59  Van der Zel, ‘Accomplishments and Dynamics of the South African Afforestation Permit System’.
60  Roger Godsmark, Forestry SA, email with statistical tables, 23 September 2013.
61  Louw, ‘General History of the South African Forest Industry: 1975 to 1990’. 
62  Institute for Natural Resources, Pilot State of the Forest Report: A Pilot Report to Test The National 
Criteria and Indicators, March 2005 (Pretoria: Department of Water Affairs and Forestry, 2005), 7.
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