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Abstract

Background: This article traces the history of scientific ideas connecting forest cover with rainfall to inform ongoing
debates about whether forests are net users or producers of water in the hydrological cycle. Scholars of the supply-side
school argue that forests are net producers and magnifiers that increase rainfall at regional scales. Supply-side scholars
seek to challenge the dominance of demand-side thinking. The demand-side school emphasizes that trees are net
users of water within a catchment that decrease overall water available for other users. This scientific debate has
significant implications for the development of policies to manage forests and water.

Results: Scientists have debated the question of whether forests improve or worsen water balance for over two
hundred years. Connections between forests and rainfall gained prominence in scientific circles during the
second half of the nineteenth century and again during the past three decades. The popularity of forest-
rainfall connections has paralleled societal and scientific interest in anthropogenic climate change and deforestation.
Theories connecting forests with rainfall peaked in popularity in the 1850s to 1880s, a period when scientists expressed
alarm that deforestation caused regional declines in precipitation. Forests were understood to create rain within a
locality and region. Scientific consensus shifted by the early twentieth century to the view that forests did not play a
significant role in determining rainfall. The forest-rainfall connection reemerged in the 1980s alongside advances in
climate modelling and growing fears of anthropogenic global warming and tropical deforestation. Using new data and
theories, supply-side advocates have once again placed a strong forest-rainfall connection into scientific prominence.

Conclusion: Supply-side management policies have a checkered history that should elicit caution, while demand-side
policies, which are based on almost a century of hydrological research, should not be overturned quickly in regions
that face potential water scarcity before more research is conducted.
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Background

– “It may be safely assumed that forests favorably
affect the meteorological conditions,” Anders 1882

– “The best evidence at hand fails to show a decrease
in rainfall over the United States in the last 100
years, in spite of the immense areas of forest that
have been burned and cut,” Pinchot 1905

– “A new hypothesis suggests that forest cover plays
a much greater role in determining rainfall than
previously recognized,” Sheil and Murdiyarso 2009.

New thinking on forests and rainfall aims to overturn
longstanding scientific paradigms and policies for water
conservation. Ellison et al. recently made a “call to action
that targets a reversal of paradigms…to one that treats the
hydrologic and climate-cooling effects of trees and forests
as the first order of priority” (Ellison et al. 2017). This
statement represents an emergent supply-side school of
hydrological thought that sees forests as “biotic pumps”,
“generators” or “recyclers” increasing the overall water
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balance in a region (Makarieva et al. 2006; Makarieva and
Gorshkov 2007; Sheil and Murdiyarso 2009; Ellison et al.
2012; Sheil 2014).
For the past five years, supply-side school scholars have

sought a “timely resolution” to end an almost two-century
old debate about whether forests are net users or suppliers
of water in the hydrological cycle (Ellison et al. 2012). This
position challenges key tenets of demand-side thinking
that have underpinned policies to regulate vegetation
cover in catchments to maximize streamflow. Demand-
side thinking sees water as a finite ecological service that
has other competing users. For instance, demand-side pol-
icies in South Africa limit afforestation in catchments with
constrained water supply to provide water to other down-
stream users (Kruger and Bennett 2013; Bennett and Kru-
ger 2015). These policies are based on long-term
experimental and observation research projects that ran
for decades and were designed specifically to inform
policy on the question of forests and water supply (Bosch
and Hewlett 1982; Andréassian 2004). Supply-side
scholars critique this perspective for focusing narrowly on
the catchment scale without properly accounting for
regional and global dynamics that influence the generation
of precipitation (Ellison et al. 2012).
The idea that forests modify regional hydrological cycles

and climate has a long intellectual and policy history that
has not been discussed by recent scholarship of the
supply-side. In many respects, the mechanisms underlying
past and present theories about forests and rain are strik-
ingly similar. So too have scientists at different times advo-
cated similar policy recommendations based on the idea
that forests influence rainfall and climate. It is necessary
to understand how contemporary ideas developed across
time and space. A historical perspective can highlight
problems that emerged in the past. It also highlights the
scientific, policy and public context in which current
demand-side policies developed across the twentieth
century. This historical viewpoint should be considered if
supply-side thinking is implemented into policy and man-
agement contexts.

Methods
This study analyzes historical and scientific literature to
trace key developments in ideas and policies linking
forests to rainfall and climate. In addition to identifying
relevant materials in the field of environmental history,
the authors used scholarly databases Google Scholar, EBS-
COhost and JSTOR for articles relating to forests and
rainfall from the 1800s until the present day.

Results
The history of supply-side thought
The belief that humans can induce climate and meteoro-
logical changes by altering vegetation has appeared

throughout history (Hulme 2017). In ancient Greece,
Theophrastus (371–287 BCE) argued that Greece had
experienced climatic change due to the draining of
marshes and extension of agriculture (Glacken 1976). The
link between vegetation and climate emerged elsewhere
around the world at different times. It reached its greatest
extent and popularity in the 1850s to 1880s when scien-
tists, politicians and members of the public throughout
the Western world advocated that forests influenced
regional climate and rainfall (Grove 1995; Barton 2002;
Davis 2007; 2016; Beattie 2011; Cushman 2011). During
this age, the destruction of nature from globalization and
colonialism created considerable anxieties, akin to our
own fears of global warming and tropical deforestation
(Beattie 2011). The belief that forests needed to be
protected to stabilize climate influenced the rise of the
first global environmental movement (Barton 2002) and
led to the establishment of protected and productive forest
areas worldwide (Bennett 2015).
An unbroken evolution of thinking on forest-rainfall

connections can be traced from the late 1400s to the
present. The idea that forests strongly influence rainfall
emerged in the early modern era (1450–1750) in
response to the Scientific Revolution and European ex-
ploration and expansion throughout the world (Grove
1995). The Genoese-Spanish explorer Christopher Col-
umbus (1451–1506) reasoned that the intense mid-day
rains in the American tropics were induced by the dense
tropical forest foliage which had a high moisture content
that was recycled. He also argued that deforestation in
the tropics led to declining rainfall. Grove argues that
Columbus’s ideas reflected a widely-held belief that
deforestation in the Canary Islands, Madeira and Azores
Islands during European colonization caused a decline
in overall rainfall. Naturalists in the 1600s and 1700s
argued similarly that deforestation on the islands of St.
Helena and Mauritius and in the Caribbean led to simi-
lar rainfall declines. Despite emergent lines of thinking,
there was no naturalist consensus on the forest cover-
rainfall debate prior to the first quarter of the nineteenth
century. Though many warned that deforestation led to
declining rainfall other commentators, such as Georges-
Louis Leclerc (1707–1788) and Thomas Jefferson (1743–
1826), saw deforestation as making a positive contribu-
tion to climate by moderating temperatures.
A more scientific and modern theory of deforestation-

induced climate change can be traced back to Alexander
von Humboldt (1769–1859), a wealthy Prussian naturalist.
As Humboldt travelled extensively through the Americas
from 1799 to 1804, he observed a connection between for-
est cover and rainfall (Cushman 2011). He argued that the
declining water level of Lake Valencia, located in modern
day Venezuela, occurred when settlers created agricultural
plantations out of native forest. Humboldt’s thoughts

Bennett and Barton Forest Ecosystems  (2018) 5:5 Page 2 of 9



gained popularity because they fit within an existing line
of thinking going back to at least the late 1400s. He had
scientific credibility because his detailed observations in
Latin America appeared to be proven by later events and
were then propagated through an extensive network of pa-
tronage. In one prominent example, Humboldt encour-
aged Jean-Baptiste Boussingault (1801–1887) to revisit
Lake Valencia to see whether the lake had risen or fallen.
On arrival, Boussingault found extensive secondary
growth forest caused by a slave uprising during the Revo-
lution that destroyed the plantations. That the water level
seemingly rose when the forests grew back confirmed
Humboldt’s ideas in the minds of many at the time, al-
though it is now generally recognized that the lake levels
had fluctuated due to secular variation in rainfall.
The forest-rainfall connection gained a new inter-

national authority in 1864 after George Perkins Marsh
(1801–1882), a well-respected American former senator
and man of letters, published an authoritative review of
literature on the relationship between forests, rainfall
and climate. Marsh’s Man and Nature: Or, Physical
Geography as Modified by Human Action (Marsh 1864)
was the single most influential book in shaping attitudes
towards forest and climate during the second half of the
nineteenth century. The belief that humans throughout
history had changed regional climate due to deforest-
ation was a centerpiece of his book. His biographer Low-
enthal notes that the book, “ushered in a revolution in
the way people conceived their relations with the earth”
(Lowenthal 2000).
Marsh wrote that “a majority of the foresters and

physicists who have studied the question are of opinion
that in many, if not all cases, the destruction of the
woods has been followed by a diminution of the annual
quantity of rain and dew” (Marsh 1864). Marsh argued
that trees acted as great pumps, generating water for the
atmosphere: “the vapour carried off by transpiration
greatly exceeds the quantity of water absorbed by the
foliage from the atmosphere, and the amount, if any,
carried back to the ground by the roots” (Marsh 1864).
Trees influenced local temperature by absorbing heat
and producing “refrigeration”, thus cooling local cli-
mates. Forest soils also absorbed more moisture than
non-forest soils, creating more water for catchments and
allowing for trees to return this moisture to the
atmosphere.
Marsh acknowledged the many unknowns. Definitively

measuring a link between forests and climate beyond a
highly-localized area (such as under the canopy) proved
elusive. Marsh admitted that, “we cannot measure the
value of any one of these elements in climatic disturb-
ance, raising or lowering of temperatures, increase or
diminution of humidity”. It was unknown whether
transpiration fell locally or was carried by wind far away

(Marsh 1864). He did not think that forests had an influ-
ence on climate at the global scale: “it does not seem
probable that the forests sensibly affect the total quantity
of precipitation, or the general mean of the atmospheric
temperature of the globe” (Marsh 1864). Even with these
uncertainties, he still justified forest conservation on a
precautionary principle: “When, therefore, man destroyed
these natural harmonizers of climatic discords, he sacri-
ficed an important conservative power” (Marsh 1864).
Marsh’s views reflected the consensus among foresters,

a professional group that had significant influence over
government and public views of forests at the time. For-
esters brought concerns of deforestation-induced climate
change with them throughout the world when they
moved to take up the first wave of forestry appointments
in European colonies (Barton 2002; Davis 2007; Beattie
2011). Foresters lobbied governments to set aside large
swathes of common lands into forest reserves to be
controlled by professional foresters through a policy
framework that allowed for certain multiple-uses, such
as wood collection and even preservation, but which was
primarily oriented to sustaining timber production (Ben-
nett 2015). Foresters did not see harvesting to be anti-
thetical to climatic preservation because foresters aimed
to take no more from the forest than grew back so total
forest cover would stay the same or even grow in size.
The idea that forests influenced rainfall and climate

became the subject of considerable popular discussion in
newspapers, popular books and parliaments. Classics ex-
perts pointed out that Biblical and ancient examples
showed that the Middle East had more forests and rain
in the past than present (Barton 2002; Davis 2007,
2016). To elites with little scientific literacy, classics pro-
vided compelling evidences. Journalism also played an
important role in public perception—for example, 77%
of newspaper articles in Australia from the 1860s to the
1930s that discussed the question of whether forests in-
fluence climate saw forests as having an influence on cli-
mate and rain (Legg 2014).
The link between forest cover and water yield reached

its peak popularity in the 1870s and 1880s before suffer-
ing scientific and popular criticism that led to its decline
globally in the 1900s and on. These criticisms are
discussed in the next section. The forest-rainfall connec-
tion continued to remain popular among many former
colonial foresters and advocates of forest protection. St.
Richard Barbe Baker, the popular forestry author and
founder of Men of the Trees, promoted this idea tire-
lessly from the 1940s to 1980s (Baker 1944, 1970). Envir-
onmental campaigners have sometimes used this
argument to argue against the excessive harvesting of
timber. In the 1990s, leaders of the Chipko movement in
India argued that deforestation led to declines in rainfall
(Hamilton 1992). However, the idea held little sway in
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scientific circles until there was a revival in the 1980s
and 1990s.

Scientific and popular criticism of forest cover water yield
The idea that forests produced rain received criticism even
at its peak popularity. Marsh noted, “Unfortunately, the
evidence is conflicting in tendency, and sometimes
equivocal in interpretation” (Marsh 1864). The influential
American meteorologist, General A.W. Greely (1844–
1935), himself a believer in the influence of forests on cli-
mate, expressed similar concerns in his influential 1888
book American Weather: “The question of the influence
of vegetation and forests upon rain fall is a vexed one, and
from its character is not susceptible of positive proof or
disproof” (From Legg 2014).
The emergence of climatology and more advanced

meteorological studies steadily undermined the idea that
vegetation influenced climate. The emergence of the
field of climatology with the 1883 publication of Julius
von Hann’s (1839–1921) seminal Handbook of Climat-
ology (Handbuch der Klimatologie) led researchers to
emphasize the physical and global drivers of climate
while downplaying the importance of forests in climate
systems (Edwards 2013). Hann questioned the validity of
climatic measurements, especially those showing
temperature change or increases/decreases in rain, based
on methodological grounds. Rainfall shifts could be
better explained as secular variations rather than as be-
ing caused by changes to forests. This viewpoint influ-
enced mainstream climatological and metrological
positions for most of the twentieth century.
The actions of some foresters did little to help the

profession sustain the idea that forests influence climate
against new thinking in climatology and meteorology.
Colonial foresters in North Africa, India, South Africa
and Australia embarked on extensive tree-planting
campaigns in the 1860s to 1880s to push back deserts
and increase rain (Davis 2007; Beattie 2011; Bennett and
Kruger 2015). The idea that trees could improve climate
helped to spur European settlement and colonization in
regions such as the arid interior of South Australia or
the Karoo in South Africa. Attempts to develop agricul-
ture and timber plantations in the interior of South
Australia succeeded briefly in the 1860s and 1870s due
to a temporary increase in rainfall, but this period came
to sudden closure when rainfall returned to the histor-
ical norm and plummeted (Meinig 1988). It became
apparent that without water most imported tree species
would not grow, let alone change the climate. From
Algeria to Australia, forestry departments wrote off
efforts to improve deserts and arid lands and turned
their attention to areas of higher productivity.
Foresters in the 1890s began to quit justifying pol-

icy based on the forest-rainfall connection. Beattie

argues that foresters in the United States, Australia,
and New Zealand switched their policy focus to the
hydrological importance of trees because increasingly
discredited forest-rainfall connection threatened their
position as policy and public opinion leaders (Beattie
2011). Foresters maintained their control over forestry by
shifting towards views that were still widely held by the
public and could be experimentally tested. The view that
trees and forests played a positive role in the hydrological
cycle then dominated forest policy in countries such as
the United States, India and South Africa during the early
twentieth century.
The forest-hydrological link came under growing criti-

cism. The first text book written on forests and climate,
Forest Influences, noted that foresters had “only a hazy
conception of what is meant by forest influences, water-
shed management, and protection” (Kittredge 1948).
French engineers had since the 1840s questioned claims
made by foresters about the hydrological and climato-
logical influence of forests (Andréassian 2004). Engineers
pointed to contradictory evidence and a lack of experi-
mental or observational results. They argued that for-
esters lacked proper data to justify protecting forests in
catchments to conserve water or to increase supply. It
took almost a hundred years before a proper experiment
was designed to examine these claims.
In South Africa, the debate about forests and their

influence on water supply and rainfall led the govern-
ment to establish a hydrological research station on the
Eerste River in the Jonkershoek Valley in 1935 near the
city of Stellenbosch to measure how planted alien trees
influenced streamflow dynamics compared with indigen-
ous Fynbos heathland. (Bennett and Kruger 2013, 2015;
Kruger and Bennett 2013). Its director Christiaan Wicht
(1908–1978) designed a paired catchment experiment.
The only earlier paired catchment at Wagon Wheel Gap
in Colorado, USA, focused on sub-alpine forests (Saber-
wal 1998). Findings from this site were not seen to be
applicable to tropical, subtropical or extratropical condi-
tions. In 1949, Wicht wrote up his initial findings in the
report Forestry and Water Supplies in South Africa
(Wicht 1949). Wicht argued the loss of water in the
catchment occurred via transpiration from trees. These
findings, along with research (some done in collabor-
ation) at Coweta in Georgia, USA, led many foresters
and hydrologists to change their views on the hydro-
logical impact of forests (Bosch and Hewlett 1982). The
idea that forests are users of finite water within catch-
ments informs forest policy in many arid and temperate
regions of the world, especially those that experience
intermittent rainfall, severe low seasonal streamflows or
water shortages.
Hydrological researchers in the 1960s and 1970s

concluded that forests did not influence rainfall. H.C.
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Peirera, then one of the world’s renowned hydrologists,
wrote in his 1973 book on water in temperate and cli-
mate regions: “There is no corresponding evidence as to
any effects of forests on the occurrence of rainfall” (cited
from Hamilton 1992). The Amazon and “cloud forests”
on mountains that captured oceanic moisture were per-
haps the two exceptions to these rules.
Some forest-climate research continued into the

mid-twentieth century, but it occurred under a more
limited form focused on “local peculiarities” in
climate such as on mountains, in valleys and within
forest canopy (Geiger 1951). Rudolph Geiger’s (1894–
1981) pioneering research in Germany on climates
near the ground, which was translated from German
into English in 1950, established the field of microcli-
matology as a significant field of international
research. Geiger’s work pointed to distinct microcli-
mates determined by canopy cover, species compos-
ition, rain interception and dew formation, among
other influences (Geiger 1950). Research on large
forests suggested that established canopies and forest
ecosystems could have a positive influence on the
water balance (Biel 1961). The view that mountain
forests generate water and rain recurred in popular
campaigns and writing. Viviroli et al. (2007) extended
this into a metaphor by calling mountains “water
towers for humanity”.
The idea that vegetation influenced rainfall and

climate continued to shape environmental policy in
Africa and Asia despite international trends in hydrology
and forestry downplaying the influence of vegetation on
regional rainfall and climate. Fears about desertification
and desiccation became pronounced in India and Africa
in the 1930s because of concerns raised by droughts
during the Depression (Saberwal 1998; Beinart 2003).
Colonial officials saw denudation of soil and destruction
of vegetation as a key cause of social, ecological and
climatic problems. These scientists took their views with
them as they took up positions at the end of empire in
international development agencies, such as United
Nations Educational, Scientific and Cultural Organization
(UNESCO), the UN’s Food and Agricultural Organization
(FAO), World Bank and other national overseas develop-
ment programs (Hodge 2010; Barton 2010; Davis 2016).
Concerns about desiccation and desertification

gained international attention in the early 1970s be-
cause of the devastating famine in the Sahel caused
by a half-decade drought from 1968 to 1974. Many
experts attributed the famine to human-induced
desertification caused by overgrazing, overpopulation
and denuded vegetation (Davis 2016). The MIT climate
researcher Jule Charney (1917–1981) turned his attention
to desertification in the Sahel. His research focused on
albedo, the reflectivity of light off surfaces. Albedo is

lowest in a forest, which absorbs up to 80% of sunlight,
thus warming surface temperatures, and is highest in a
desert or snowpack, which reflects upwards of 80% of
light, which cools due to the lack of retained solar radi-
ation. Charney argued that the denudation of vegetation
by grazing and human activity increased albedo, which led
to cooling via a loss of radiative energy; the decline in en-
ergy ultimately weakened the Hadley circulation, which
brought rain to the Sahel; this process therefore caused a
decline in rainfall (Charney 1975; Charney et al. 1977).
The whole concept of desertification—from its human
causes to its ecological and climatological effects—are,
like the aformentioned forest-hydrological connection,
contested but nonetheless still pervasive in public and pol-
icy discussions (Davis 2016).

Revival
There was a revival of interest in forest-climate influ-
ences starting in the mid-to late 1970s brought on by
growing concern about anthropogenic climate change
and deforestation, advances in climate modelling and
continued interest in desertification and albedo. Rapid
developments in climate modelling in the late 1970s to
mid-1980s renewed interest in the relationship between
forests, rainfall and temperature, especially in the wet
tropics. In 1979, the first World Climate Conference
emphasized the importance of forests as shapers of
climate, but participants noted that there was a lack of
data on how forests influenced climate (Edwards 2013).
Early climate models raised numerous possibilities.
Models were divided on whether the removal of tropical
forests would modify global and regional climate either
by increasing surface albedo, potentially cooling the
earth, or increasing CO2 into the atmosphere, and
warming it via greenhouse effect (Henderson-Sellers and
Gornitz 1984).
Initially researchers theorized that tropical deforest-

ation would lead to regional and global cooling with cor-
responding declines in rainfall. A key Nature paper in
1975 concluded that increased albedo caused by defor-
estation would reduce surface temperature, reduce evap-
oration and rainfall, weaken the Hadley circulation and
cool the middle and upper tropical troposphere (Potter
et al. 1975). Carl Sagan et al. in 1979 argued in Science
that albedo caused by deforestation and other human-
influences, such as fire, caused desertification that had
potentially cooled the earth over time. Sagan noted,
“during the past several thousand years the earth’s
temperatures could have been depressed by about 1 K,
due primarily to desertification, which might have
significantly augmented natural processes in causing the
present climate to be about 1 to 2 K cooler than the
climatic optimum of several thousand years ago” (Sagan et
al. 1979). Sagan suggested that to achieve an imagined
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climatic optimum deforestation in the Amazon “may even
be desirable, as a counterbalance to greenhouse heating of
the earth”, though they noted, “it would seem prudent, on
an issue of possible global importance, to study its impli-
cations in some detail before proceeding unilaterally” (Sa-
gan et al. 1979). Sagan’s view was promptly challenged
(Potter et al. 1981).
The idea that deforestation in the Amazon would cre-

ate a global climate optimum was dropped when evi-
dence and new thinking suggested tropical deforestation
could lead to warmer temperatures and less rain. Cli-
mate models and the earliest experiments in the 1980s
suggested that any cooling caused by increased surface
albedo would be counterbalanced by decreased cooling
because of lower evaporation rates (Henderson-Sellers
and Gornitz 1984; Dickinson and Henderson-Sellers
1988). In the late 1980s, the earliest detailed micro-
meteorological measurements in central Amazonian
rainforests in Brazil produced measurements confirming
global models that showed a net increase in temperature
due to declining cooling caused by the loss of evapor-
ation (Shuttleworth 1988; Gash and Shuttleworth 1991).
This perspective has been confirmed and is recognized
widely by researchers working in the field of climate
change (Bonan 2008; van der Ent et al. 2010).
Albedo has remained a process of interest to climate

researchers, but its overall importance in climate models
declined due to advances in measurement of other
sources of warming. Albedo came to prominence in the
1970s because of satellite imagery which showed striking
changes in landscape caused by humans (Nicolson
2011). The results of research on albedo are somewhat
contradictory due to factors such as latitude, snow cover,
the overall carbon stocks of forests and forest-induced
evaporation. The most up-to-date research suggests that
deforestation-induced albedo would have opposing out-
comes depending on latitude and landscape. Tropical
deforestation is seen to produce a net warming because
of increased carbon released from the forests, reduction
in evaporative cooling and lowered cloud albedo. The
transformation of grasslands to forest might also de-
crease albedo thus inducing warming (Bond 2016). In
the higher Northern latitudes, deforestation is believed
to produce cooling due to the increase of albedo with
more snow-cover, and would offset the warming effect
of carbon emissions (Bonan 2008; Jiao et al. 2017).
Growing interest in climate, especially the idea that

greenhouse gases could increase global temperature,
encouraged researchers in several fields to begin
thinking about how deforestation, forest protection
and afforestation influenced global climate, especially
anthropogenic warming. In 1979, a National Research
Council team led by Jule Charney (the same Charney
who published key studies on desertification and

albedo) first predicted that a doubling of CO2 would
likely increase the global temperature from 2 ° to
3.5 °C, with an error of 1.5 °. Advances in modelling
and measurement in the 1980s and 1990s allowed for
researchers to understand diverse forest dynamics
(e.g. carbon absorption, carbon emissions, ozone
emissions, albedo, influence on rain) and to incorpor-
ate these processes and data into increasingly sophis-
ticated regional and global climate scenarios.
Scientists began to raise alarms that the loss of trees

through tropical deforestation would increase green-
house gases. Whereas earlier theories of forests and
climate tended to deny the global importance of forests
on climate (Marsh 1864), advances in global climate
modelling encouraged researchers to begin thinking
about how forests influenced global climate. Advances in
climate and vegetation modelling, prediction and data
production and sharing have given greater power to
environmental predictions, especially those associated
with global warming. When global warming became an
“actionable crisis” (Edwards 2013: 361), it cracked open
the door for the re-entry of the forest-rainfall
connection.
Forests once again became the central focus of global

policy discussion in the 1990s due to international
concerns about CO2 emissions. In 1992, the Kyoto Proto-
col promoted the idea that protecting tropical forests from
deforestation could help to slow the release of CO2 into
the atmosphere and thus lessen predicted climate warm-
ing (Hulme 2017). In 2008, three organizations (FAO,
UNDP, and UNEP) within the United Nations established
the Program on Reducing Emissions from Deforestation
and Forest Degradation (REDD) to stop forest loss to
decrease carbon emissions from forests and to sequester
airborne carbon stocks. A considerable amount of work
been done to measure carbon storage of forests. Forests
are now estimated to produce approximately 12–20% of
yearly carbon emissions because of deforestation and the
establishment of agriculture and human infrastructure
(Van Der Werf et al. 2009, with correction of 12% from an
original estimate of 20%) while they absorb upwards of 1/
3rd to 1/4th of anthropogenic emissions (Reich 2011; Bel-
lassen and Luyssaert 2014).
The emergence of the supply-side school within the past

decade reflects advances in regional climate modelling,
new ideas in atmospheric physics and more accurate
measurement of water molecules through the hydrological
cycle. Prominent scholars within the supply-side school
posit that forests influence climate and weather at regional
and global scales in ways that have not been properly ac-
knowledged by climate policy or modelling. The strongest
advocates of supply-side thinking challenge both the
carbon-centric priority of forest policy and the demand-
side perspective of hydrology. Ellison et al. write: “For
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reasons of sustainability, carbon storage must remain a
secondary, though valuable, by-product” (Ellison et al.
2017). There is disagreement on how much forests influ-
ence hydrological cycles (see van der Ent et al. 2012), but
still most researchers in the field believe that it is prudent
to preserve forests for their climatic stabilizing role.
Despite uncertainty, supply-side scholars argue that the
climatic influences of forests should underpin global forest
policy. This viewpoint is having its influence on policies
from the European Union to the Amazon. A 2012 report
for the European Union from researchers at the British
Met Office argues that forests “play a major role in the
atmospheric circulation and the water cycle on land and
may have a role in mitigating regional climate, desertifica-
tion and water security problems” (Sanderson et al. 2012).

Discussion
This discussion points to potential downsides to policies
based on supply-side thinking while encouraging more
research in the area. More research is required to estab-
lish a firmer basis for the claims made by supply-side
scholars. Even scholars whose work has been used to
support supply-side thinking argue that existing work is
“simplistic” and “exaggerates the role of the forest in the
hydrological cycle” (van der Ent et al. 2012). It is simply
too early to call for a paradigm change. Forest and water
conservation policy throughout much of the world has
been guided by decades of careful analysis, experimenta-
tion and debate. This careful, long-term research has not
yet been done by the supply-side school.
There is a real potential that, if applied too broadly,

the supply-side perspective could be used to justify tree-
planting in areas with limited water supply. Ellison et al.
support tree planting in Spain to increase precipitation
(Ellison et al. 2012). This view runs contrary to a signifi-
cant body of hydrological evidence from Spain (not to
mention studies from comparable climates elsewhere in
the world) that shows strong correlations between
increased forest-cover and decreased water-supply (see
for instance Buendia et al. 2016; Gallart and Llorens
2003). Supply-side thinking has the potential to reinforce
calls for widespread tree-planting in Africa. Hydrologists
and ecologists are already alarmed at proposals such as
the World Resource Institute goal to “restore” 100 mil-
lion hectares in Africa by planting trees because they
fear these efforts will cause decreases in streamflow, as
they have done in other regions (Jackson et al. 2005; Pit-
tock et al. 2013; Bond 2016). Supply-side thinkers have
mentioned some of these concerns (Ellison et al. 2012),
but have said little about what regions would need
revisions of policy and what regions should keep existing
protocols.
Premature calls for supply-side policy creates the risk

that the public and policy makers will be led by instinct

rather than science. Many have continued to view forests
as having positive overall impacts on rainfall and water
balance even though there is a significant body of ex-
perimental and observational hydrology suggesting to
the contrary (Calder 2002). The history of forestry shows
that there has been a tendency to over-emphasize the
benefits of supply-side policies while downplaying the
potential social, economic or environmental issues asso-
ciated with them (Bennett 2015). Humans are culturally
and perhaps even genetically predisposed to environ-
ments with trees. Decades of studies suggest that people
from diverse backgrounds and cultures prefer green en-
vironments with trees, whether in the context of sa-
vanna, urban environments or forests (Purcell et al.
2001; Van den Berg et al. 2007; Carrus et al. 2015). This
pro-tree bias can tilt public attitudes on climate and
biodiversity management towards forest policies that
may have negative consequences for other ecosystems
and water users.
The longstanding tendency to see trees as climatic and

hydrological regulators explains the recurrence of cer-
tain forestry narratives. Andréassian argues “the ghost of
deforestation seems to appear every time a new cata-
strophic flood or drought occurs” (Andréassian 2004). A
study of desertification by Davis comes to similar con-
clusions: “academic research has shown for more than
25 years that estimates of desertification have been sig-
nificantly exaggerated and that most of the world’s dry-
land are not being invaded by spreading deserts caused
by deforestation, burning, and overgrazing as claimed
since the word was first coined nearly one hundred years
ago” (Davis 2016).
Some ecologists and social scientists warn about

creating a world where forests are more strictly pro-
tected than other ecosystem types. Efforts to preserve
or conserve forests have ecological and social conse-
quences. People who live in or utilize forests face the
prospect of being removed or having livelihoods
curtailed if global policies encourage states to
centralize forest management to protect forests (Agra-
wal et al. 2011). Protecting forests may lead to bio-
diversity losses in other ecosystems. Ideally, the
conservation of one species or ecosystem should not
come at the expense of another. Unfortunately, there
is evidence to show that preservation in one place
may lead to unexpected destruction and conse-
quences in another. For instance, the popularity of
protecting rainforest in Brazil has possibly encour-
aged the destruction of the diverse Cerado grass-
lands (Bond 2016). It is easier to convince middle
class people in suburbs to give money to save rain-
forest than grasslands because grasses do not seem
to elicit the same level of emotional response (Bond
and Parr 2010).
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Conclusions
If the supply-side view is correct, an increase in forest
cover will allow us to live in a world with more plentiful
water where we can better handle predicted climate
changes. There is, at the same time, a risk that policy
makers, if influenced by this thinking, might downplay
the potential negative impacts. Over a century of careful
research and experimentation has been implemented to
devise evidence-based policy, and it would be a mistake
to overturn a century of painstaking research without
more solid evidence. If policies are hastily imposed, and
a policy framework based on over a century of hydro-
logical research is overturned, there is a distinct possibil-
ity that supply-side policies may cause more social,
ecological, economic and hydrological problems than
they solve. History offers insights into potential pitfalls
and explains why demand-side policies remain the dom-
inant paradigm for many regions of the world. Ideas and
policies should change, but only when there is robust
evidence and greater consensus.
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