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Abstract: Articles 17 and 18 of the United Nations (UN) Framework Convention on Tobacco Con-
trol address the environmental sustainability of tobacco as a contested agricultural crop. They
require regulatory land-use policies to be introduced and designed to enhance a sustainability tran-
sition to diversified farming practices and/or alternative livelihoods. Related activities of the UN
Study/Working Group on Economically Sustainable Alternatives to Tobacco Growing are reviewed
to assess and monitor the crop’s impact on natural resources with a focus on methods to identify
tobacco-attributable deforestation (remote sensing, proxy values, secondary statistics, natural val-
uation, ecological/social surveys). It is posited that since 2007 no advances have been achieved in
framing woody biomass destruction/degradation due to land extension and curing (i.e., drying green
leaf using wood). Building on support by digital technologies and land surface monitoring systems,
a novel post-2020 strategy is proposed to mainstream an extended set of indicators integratively, i.e.,
addressing biodiversity losses, soil carbon reservoirs and land degradation neutrality of tobacco as
an agricultural crop. Thus, the point is emphasized that land stewardship requires political priority
setting that makes the framing of land-use sustainability metrics more than a purely technical matter.

Keywords: British American Tobacco; livelihood diversification; Flue-Cured Virginia; greenwashing;
land change metrics; land degradation neutrality; land health; Miombo; political ecology; sustainability

1. Introduction

Different from the health-related issues of individual well-being in terms of morbidity
and mortality due to smoking, the negative supply-side aspects of the environmental sus-
tainability of tobacco as an agricultural crop (N. tabacum) have received far less attention [1].
This holds true despite the fact that in 2003 the World Health Organization (WHO) unani-
mously adopted the international Framework Convention on Tobacco Control (FCTC), with
currently 182 Parties (member states). In Article 18, the FCTC states: “In carrying out their
obligations under this Convention, the Parties agree to have due regard to the protection
of the environment (. . . ) in respect of tobacco cultivation (. . . ) within their respective
territories” [2] (p. 16). It has been criticized that “before 2016, not much attention had been
devoted to this Article” [1] (p. 33). Therefore, this paper sets out to trace the history of how
the deforestation argument, in particular, has been dealt with in terms of consolidated land
use (or land change) impact metrics. So far, a wide array of concepts, frameworks, tools
and technical devices such as remote sensing (RS) or natural valuation have been applied
to measure and assess tobacco-attributable biodiversity impacts. However, no useful or
convincing metrics addresses deforestation in a consistent and consolidated manner, thus
contributing, among others, to the failure stated above. Only in a move towards the UN
Sustainable Development Goals (SDGs) since 2016, pinpointing “that health cannot be
considered in isolation from a host of other factors, of which the environment is one”, and
that tobacco needs to be seen as “a threat to human development as a whole”, a turning
point in framing tobacco land-use sustainability was reached [1] (p. xii). Linking SDG
concerns with integrative approaches based upon the best available global land change
science and planetary (earth system) analysis, it seems possible now to mainstream a
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selected, extended set of indicators relating to biodiversity and climate change with the
support of digital technologies and land surface monitoring systems [3].

2. Controversies with Unconsolidated Land-Use Metrics
2.1. Origins of Tobacco Criticism and Merchandising Doubt

Since the mid-19th century, the curing of Flue-Cured Virginia (FCV), used in cigarettes,
requires wood as fuel, i.e., drying green tobacco leaves in order to achieve essential product
qualities such as colour, aroma and nicotine enrichment. Until today, the majority of
cigarette tobaccos are cured, either by exposing green leaf directly to smoke (fire-curing) or
using a combination of external ovens and flues/pipes inside curing barns (flue-curing).
A minority of tobacco varieties (for snuff, pipe and cigars) are air/sun-cured. Hardly any
economically viable alternatives to wood-based energy have emerged since. In the 1880s,
mechanization of cigarette manufacturing helped grow the market for cigarettes, increasing
demand for FCV tobacco leaf, making N. tabacum the world’s most widely cultivated
non-food crop in about 125 producer countries [4–6].

Starting in the mid-1970s, concerns were raised about deforestation due to tobacco
farming, while in the forthcoming decades transnational corporations (TNCs) in the tobacco
sector have downplayed the relevance of tobacco-attributable deforestation, pointing out
that they have already dealt with it through corporate social responsibility (CSR) measures.
In detail, however, social construction analysis revealed industry practices—e.g., lobbying,
commissioning research and colluding through agricultural “front groups such as the
International Tobacco Growers’ Association” (ITGA) [1] (p. 37)—that showed tobacco TNCs
to divert attention from actions to respond to ecosystem impacts by emphasizing claimed
substantial contributions of tobacco production (to both farmers and the state), quoting
causes of deforestation as unrelated to tobacco farming and stating purportedly positive
forestation results. Before the FCTC, actions to address tobacco-related deforestation had
not been managed effectively [6–8].

In 2005, when the FCTC came into force, the UN Millennium Ecosystem Assessment
(MEA) characterized the post-harvest, on-farm use of large amounts of wood used for
curing (drying) green tobacco leaves to have a negative ecosystem impact in some countries
of the global south where TNCs had shifted their worldwide production operations (90%
of present cropping on about four million hectares is located in low- and middle-income
countries). The MEA criticized that the usage of wood had been considerable, and no
action had been taken to potentially reduce it and thus mitigate negative side-effects [9–11].

Against this backdrop, some growing countries expressed concerns and established,
under the umbrella of the FCTC, a UN Study (and later, Working) Group on Economically
Sustainable Alternatives to Tobacco Growing (ESATG), effective since 2007. The group
noted in 2008 that tobacco growing “may be up to 10 times more aggressive than the
sum of all other factors in deforestation”, and that “the global share of agricultural land
used for tobacco growing is less than 1%, [but] its impact on global deforestation is 2–4%,
making a visible footprint for climate change” [12] (p. 4). Comparing the impacts on
forest ecosystems from other land uses such as palm oil, soy beans or the conversion of
forests into grazing areas, the ESATG statement blends insights from secondary statistics
(forest cover data) of the UN Food and Agriculture Organization (FAO) and empirical
evidence provided by (independent) academic researchers. In particular, the Tanzanian
ecologist Mwita Mangora was first to separate use-specific annual rates of biomass removal
in the Urambo District of the Tabora Region, Tanzania’s leading tobacco growing area, i.e.,
due to woodland clearance for land extension (creating new tobacco land) at the rate of
3.5%/year and woodland degradation due to fuelwood extraction for tobacco curing of
3.0%/year [13]. The combined figures (6.5%), relating to FCV, were ten times above the
annual deforestation rate for Africa overall (0.64%; globally 0.22%) [14] (Table 1).
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Table 1. Deforestation attributes of Virginia tobacco farming in the Miombo ecoregion of Tanzania (flue curing/land
clearing), 1959–2013 1.

Study Site Time Method Result

Iringa District, Iringa Region [15] (1) 1959–1978
(2) 1978–1999 RS: aerial photo interpretation Annual rates (1) 3.3% and (2) 3.0%

Tabora Region [16] (1) 1984–1995
(2) 1995–2000 RS: satellite imagery analysis (1) 5% and (2) 11% forest

cover removed

Urambo District, Tabora Region [13] 1997–2001 FW: ecological and social survey Annual rate 6.5%,
or: 61,067 ha/year

Kipembawe Division,
Mbeya Region [17] February–September 2013 FW: ecological and social survey Annual rate 0.6%,

or: 4134 ha/year
1 FW = Fieldwork, RS = Remote sensing.

In sum, concerns about tobacco-related deforestation—dating back to the 1970s and
including high-level warnings from the MEA—triggered the enhancement of the FCTC
Article 18 in 2003 and the ESATG process starting in 2007. Most importantly, the 2008
ESATG statement about tobacco triggering “aggressive” deforestation [12] (p. 4) has not
been disputed or refuted since but carried on in subsequent reports. Thus, it holds validity,
especially with regard to the geographical area from which evidence had been generated.
For example, in comparison with other sources—be these industry-mandated work [18–20]
or independent academic research [21–23]—results confirm the overall notion that the
Miombo ecoregion in southeast-central Africa not only holds 90% of all land under tobacco
crops on the African continent, but also constitutes a global hotspot of tobacco-attributable
deforestation. Results from mostly RS-based studies suggest that in the African ecoregion
the annual, tobacco-attributable biomass loss accounts for up to half the losses of woodland
and forest there [23–25] (cf. Table 1).

2.2. Most Recent Industry Reaction and Still No Metrics Available

Reacting to ESATG activities, the ITGA commissioned business consultancy work
in order to assess and estimate the effects of the tobacco industry on deforestation [20].
As in the work of Mangora [13], a difference was established between deforestation for
land extension and deforestation due to wood-based curing, with different calculations
associated with each land use impact. First, FAO secondary statistics was used to as-
sess changes in forest cover and agricultural area in relation to crop-specific ratios (area
harvested/total agricultural area); comparing the time periods 1990–2000 and 2000–2007,
statements were generated about countries with negative forest area change such as that
the tobacco crop shifted from a “secondary” to a “main driver” of deforestation in Brazil
(aside from soybeans and wheat) and in Malawi (single main driver in 2000–2007); overall,
it was concluded that tobacco’s share in global deforestation “due to agricultural expansion
is smaller than for other crops” [20] (p. 28), confirming the (unsubstantiated) ITGA claim
that tobacco has a lower environmental footprint than many other crops [19]. Second,
FAO data in combination with crop-specific wood consumption data and mean increment
values of area-specific biomass growth were used to assess curing-attributable deforesta-
tion, i.e., tobacco production using wood, the wood requirement for tobacco varieties,
estimation values of wood required and (assumedly) taken from open/common land
and sustained-yield area of woody biomass needed to provide wood for curing. Thus,
tobacco-attributable deforestation “can be estimated (. . . ) for different assumptions of
wood requirement for the curing process (3, 5.5, 8.6 and 30 kg wood/kg tobacco) for the
year 2009. Values are calculated for a share of wood-based flue-curing of 19%, a grade of
self-sufficiency of 42% (global mean value), and a mean annual increment of 15 m3/ha
and a growing stock of 27 t/ha. Based on these values, the share of the curing process on
deforestation is between 0.7% and 7.5%, whereas the extreme values on both sides may be
not realistic scenarios on the global scale. It can be assumed that the estimated tobacco’s
share on deforestation due to the curing process is between 1 and 2%” [20] (p. 24f). By
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specifying such range, the business consultancy study encloses the mean value of 2 to 4%
used in the ESATG process [12] (p. 4) rather than discrediting it (still, both figures relate
to curing-attributable deforestation only). In contrast to most RS-derived input into the
ESATG process (cf. Table 1), however, the consultancy study falsely claims that “there is no
data available, which would show the impact of the tobacco production and other crops on
deforestation directly” [20] (p. 16).

Notwithstanding the importance of some insights generated about tobacco-attributable
deforestation since the start of work by ESATG, the point is made that blending qualitatively
different data sources in combination with applying various techniques or methodologies
has not helped to contribute to an accurate and agreed upon picture concerning tobacco
land use and ecosystem impacts. An array of models, concepts, tools, indicators and
devices have all been applied aside with each other in an unrelated and theoretically untidy
manner, be these aerial photo interpretation, satellite-based remote sensing (Landsat data,
mainly), evaluation of secondary statistics (FAO data, mainly), extrapolations from proxy
values (biomass growth, crop-specific wood consumption), ecological transect analysis,
physical stackwood measurements and/or farming and household surveys. The result
is that one decade after FCTC implementation, issues of tobacco land use sustainabil-
ity are still dealt with in a controversial manner and with no consolidated land change
metrics available.

2.3. Realizing Ecosystem Impact and Greenwashing

In the aftermath of 2010, the controversy about tobacco was seemingly driven towards
a turning point of how to frame the crop’s environmental sustainability. The then underly-
ing motivation was to reduce serious operational and reputational risks inherent to business
sectors with extensive global supply chains and comparable sensitive, ethical situations
such as retail, food, nuclear, weapons and information/communication technology [26].
Some TNCs such as Philip Morris International (PMI) and British American Tobacco (BAT),
therefore, started to embrace CSR activities such as environmental stewardship in terms of
natural (or ecosystem) valuation, biodiversity partnerships (stakeholder marketing) and
“good agricultural practices” (GAP) as promoted by the Cooperation Centre for Scientific
Research Relative to Tobacco (CORESTA) [27,28]. The move towards environmentalism
had been due—not to pressure built up by ESATG, but—to the global finance (investment)
sector and some national governments (notably, the environment ministers of G8 coun-
tries). Following up on the MEA approach to link supporting, regulating, provisioning and
cultural ecosystem services with human well-being, the group of governments triggered an
initiative to promote the economic valuation of natural resources. The action was inspired
by the Stern review on the economics of climate change, recognizing substantial market
failure and suggesting early action to outweigh future costs [29]. Following suit, a study on
the economic significance of the global loss of biological diversity, termed The Economics
of Ecosystems and Biodiversity (TEEB), was launched in 2007. Its aim was to compare
the costs of a decline in biodiversity and ecosystem services with the costs of effective
conservation and sustainable land use. As part of the second TEEB phase, starting in
2009 (i.e., call for evidence, targeting end-users), the UN Environment Programme (UNEP)
together with the World Conservation Union (IUCN) began to co-ordinate work on the
agro-food business sector, among others. Not surprisingly, the tobacco sector was included
in analyses to provide evidence of growing corporate concern about biodiversity loss, thus
responding to demands established by the global finance industry responding to changing
consumer preferences [26].

Driven by the TEEB effort, tobacco TNCs that run own or contracted overseas farming
operations became central for further investigation. Summarizing recent evaluations of
attempts to assess the level of biodiversity risk, TEEB concluded that in the tobacco sector
(a) risk levels are medium, (b) “social issues overshadow environmental [impacts]”, and
(c) “moderate dependency exists on (. . . ) timber for curing” [30] (p. 62). In terms of mea-
suring and reporting, “weaknesses in biodiversity targets” have been identified for several
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tobacco enterprises (and, typically, in the extractive industry as well): “The information
presented (. . . ) is rarely sufficient to enable external stakeholders to form an accurate
picture of companies’ efforts to assess, avoid, mitigate or offset their impacts” [31] (p. 89).
It was acknowledged though that in some cases, focusing on impacts and dependencies
related to harvesting and production of raw materials, the Ecosystem Services Benchmark
device has been applied; the latter is a tool kit—not to quantify tobacco-attributable defor-
estation, but—to be put into practice as “a useful framework for planning and monitoring”
in order to support the (financial) asset management community as well as the banking
and insurance sector to evaluate environmental risks and opportunities of investments.
However, and with reference to the absence of a consolidated land use change metrics,
it was noted that companies in the tobacco sector “produced limited public disclosures,
rarely stated clear targets and used mainly qualitative data (e.g., case studies, descriptions
of initiatives) to communicate their management of biodiversity and ecosystems, rather
than quantitative indicators of performance” [31] (p. 114).

Overall, evidence has been confirmed through TEEB that tobacco TNCs such as BAT,
PMI and other companies give the appearance only of complying with environmental
standards in their implementation of natural valuation tools and green CSR campaigns, thus
giving tobacco farming the image of an environmentally friendly activity, while continuing
with business as usual. Likewise, global leaf trading companies such as Alliance One
International, Dimon and Universal Corporation have been shown continuing to purchase
leaf produced from tobacco farmers in hot spot areas of land cover change (cf. Table 1), thus
contributing to deforestation through tobacco cropping and curing [1,7]. After decades
of mainly ITGA-orchestrated merchandising of doubt, the tobacco business sector finally
acknowledged in a BAT-commissioned consultancy study, in the same year when TEEB
results were published [26], that “[deforestation] may be the single most negative impact
of tobacco cultivation on the environment (. . . ) given the results of the study by Geist et al.
(2009)” [8] (p. 55) (according to [32]). The work mentioned is a panel study integrating local
farming surveys in Africa, Asia, America and Europe (using a common data protocol) with
an assessment of secondary data and statements generated on the occasion of a FCTC public
hearing on crop substitutes and livelihood diversification [33]. This implies that namely
BAT recognized the validity of (independent) tobacco-related deforestation research and
the herewith associated need for a change towards sustainable tobacco land-use policies.

3. Post-2020 Mainstreaming of Extended Indicators
3.1. Redirecting towards SDGs and Rio Commitments

Having established no relations to MEA and TEEB, the ESATG process was based
upon the notion that framing the (disputed) environmental sustainability of tobacco as a
crop could be achieved in a rational, positivist manner as it has been done with the disease
impact of smoking in terms of public health/public policy. There was (and still is) a strong
belief that a three-step policy design, based upon empirical research evidence, could be im-
plemented for deforestation in manner that is unrelated to other land changes: (a) perform a
baseline assessment (situation analysis): “Has your country executed studies on the extent
to which deforestation or forest degradation is due to tobacco cultivation?”; (b) “process to
be undertaken to change the situation”: “Collect data and quantify deforestation and forest
degradation due to tobacco cultivation (change of land use and for curing purposes)”;
(c) “expected outcomes”: “Impact analysis of deforestation and forest degradation based
on tobacco cultivation requirements” [34] (pp. 17–23). Principles and guidelines were laid
out that were thought to be relevant for land-use metrics: e.g., generate “credible evidence”
from subnational “independent studies”, fit them into methodologically standardized
“environmental impact assessments” and carry out monitoring and evaluation on a regular
basis (Table 2). It can be safely stated that the ESATG approach failed because it (re)iterated
already published information that had been created by independent researchers or man-
dated by tobacco control advocacy groups, as is obvious from the most recent compilations
of the tobacco–environment nexus [1,35]. Furthermore, and most importantly, in its search
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for “impact indicators for Article 18”, ESATG reduced the real-world complexity of land
use and posited a single quantification measure of land cover change: “Percentage of the
loss due to forest degradation and deforestation in tobacco growing areas and in alternative
crop areas” [34] (p. 23). The latter was merged into one package together with indicators
about the prevalence of child labour and green tobacco sickness, an occupational disease
among farm workers.

Table 2. ESATG principles and guidelines with relevance for land change metrics.

2008
[12] (p. 9)

“Standardized, regularly collected data are needed on (. . . ) environmental issues, and independent studies
should be conducted, especially in less developed countries, that provide credible evidence.”

2012
[36] (pp. 14–22)

“In promoting research . . . to identify and develop effective strategies for alternative crops and livelihoods
(. . . /. . . ), each country should undertake environmental impact assessments of tobacco activities to determine
the levels of deforestation, forest degradation, (. . . ) climate change effects (. . . ) and other ecological effects.”In
an effort, to “develop environmental regulations that protect and conserve the environment from tobacco
farming activities (. . . /. . . ), zones in which tobacco is grown should . . . be mapped, restricted in terms of size
and approved by relevant government authorities to protect fragile ecosystems from destruction”.

2014
[34] (pp. 11–17)

“Expected results” should be based on “updated studies prepared of the environmental (. . . ) impacts of
tobacco growing by region in each country.”“Parties should undertake initiatives to monitor
deforestation”.“Monitoring and evaluation are key elements (. . . ) for implementation of (. . . /. . . ) Article 18 to
mitigate the (. . . ) environmental harms related to tobacco production”.“Each country should compare the
impacts of tobacco growing to those of alternative crops, in respect of the level of deforestation (. . . ) and other
ecological effects”, with all information required to follow “standardization of methodology and
approaches”.“Parties should undertake measures to prevent and to recover areas already damaged by
tobacco production”.

Due to the combined effects of TEEB pressure, novel planetary (global land change)
science thinking and the normative imperative of UN’s framing of sustainable development
strategies, it is now possible to abandon the isolated treatment of tobacco-attributable
deforestation in the ESATG-approach and put into practice a much broader framework
encompassing stewardship of terrestrial ecosystems. The turning point in framing tobacco
land-use sustainability rests on sustainability thinking stating, “that health cannot be
considered in isolation from a host of other factors, of which the environment is one”,
and that tobacco needs to be seen as “a threat to human development as a whole” [1]
(p. 12). Subsequently, at the Conference of the Parties (COP) to the FCTC in 2018 it was
decided, with regard to the implementation of Article 18, “to invite Parties to engage in
collaboration across sectors at mitigating the environmental damage caused by tobacco
(. . . ), to raise awareness (. . . ) on the impact of tobacco cultivation (. . . ) on . . . the terrestrial
. . . environment and (. . . ) share best practices to address the environmental externalities
associated with tobacco growing” [37] (pp. 2–3). This meant a crucial momentum for
opening up “supply-side effects of tobacco control policies” that were originally framed
with no relation to ecological (or planetary) issues such as biodiversity losses, sustainable
agriculture and land health [38]. The road ahead is now as follows: “It is clear by now that
tobacco control intersects with other pressing global issues such as those addressed by the
SDGs, the Rio+20 environmental commitments, climate change science, new global trade
agreements, and environmental justice” [1] (p. 37).

Tobacco control policy, in general, is linked to 66 of the SDG targets, in addition to the
direct disease impact of smoking on human health (SDG 3, healthy lives and well-being for
all) [35]. Most importantly, Land Degradation Neutrality (LDN) became the leading goal of
international policy about sustainable land stewardship, forming an integral part of the UN
Convention to Combat Desertification (UNCCD). By definition, LDN “is a state whereby
the amount and quality of land resources necessary to support ecosystem functions and
services and enhance food security remain stable or increase within specified temporal
and spatial scales and ecosystems” [39] (p. 8). With the inclusion of LDN in the list of
SDGs, the target of achieving a “land degradation-neutral world” by 2030 was agreed upon
in 2015 (SDG 15 and 15.3). In relation to tobacco-attributable deforestation, this implies
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offsetting land degradation caused by forest removal for land extension in situ and/or
forest degradation for wood-based curing at other sites with the result that continuing
degradation is halted and LDN achieved. Matching the time frame of implementing
SDG 15.3, the UNCCD’s 2018–2030 Strategic Framework specified broad goals in order
to achieve meaningful multiple benefits, i.e., restoring, protecting and sustainably using
ecosystems as indispensable prerequisites for the protection of biodiversity, mitigation of
climate change and design of a sustainable agro-food system [3].

In terms of international co-operation and co-ordination, it is noteworthy that the
protection and use of land are not primarily negotiated in a single intergovernmental forum.
Rather, land-use changes are dealt with by various international institutions, organizations
and forums (or summits). For example, land-derived ecosystem services are dealt with and
regulated by the three so-called Rio Conventions, i.e., UNCCD, Framework Convention on
Climate Change (UNFCCC) and Convention on Biological Diversity (CBD). In this regard,
the goal of LND gained international consensus only at the World Summit on Environment
and Development in Johannesburg 2012 (Rio+20). Albeit setting own priorities, every
convention prioritizes land stewardship, i.e., prevention and neutrality of land degradation
(UNCCD), climate change impacting on cultivated land and land conceived as sink and
source of greenhouse gas (GHG) emissions (UNFCCC), and sustainable use and conserva-
tion of terrestrial ecosystems and their biodiversity (CBD). For land-based tobacco control,
it is crucial to see that a systemic and encompassing land management approach will
generate potentially high synergies through mutual mainstreaming of land-based concerns
across sectors [3]. However, the potential will only be realized, if a co-operative stance is
used to exploit multiple benefits (as taken already by CBD and UNFCCC). If supply-side
elements of the FCTC are to make use of this potential institutionally, they would need
to be linked to activities by a Joint Liaison Group (JLG) of the executive offices of the
UNCCD, CBD and UNFCCC. JLG was established in 2001 with a focus on co-operation on
land-related issues, among others. As for supply-side tobacco control, the move to link to
JLG has already been demanded from 2017 onwards, i.e., enhancing possible synergies in
procedures, data pools and monitoring and/or reporting requirements and feeding them,
if political will exists, into the ESATG-process [1,37].

Multilateral co-operations such as FAO, UNEP and the Global Land Programme (GLP)
can be important actors, and many more agreements further influence the way how land
is used and managed. Overarching goals are LDN and other SDGs such as SDG 15 (life
on land) aiming to “protect, restore and promote sustainable use of terrestrial ecosystems,
sustainably manage forests, combat desertification, and halt and reverse land degradation
and halt biodiversity loss” [40] (p. 24). Albeit UN SDGs are invaluably important concern-
ing their political integration and umbrella functions, it has to be noted that there are no
legally binding instruments to mitigate contradictions or overlaps concerning e.g., nature
protection and world trade [3]. Therefore, especially for ecologically sensitive tobacco
growing areas in ecoregions such as Miombo (cf. Table 1), the SDGs offer an opportunity
to organize a sustainability transition away from an environmentally damaging crop. This
might attract some growing countries in the global south (e.g., Tanzania and Malawi, both
situated in the Miombo ecoregion) that depend on tobacco and refrain from becoming
Parties to the FCTC, thus not exploiting the chance of joining the ESATG-organized process
of a sustainability transition [41].

3.2. Striving for Sustainable Land Stewardship

The redirection of ESATG activities away from a single item-focused, linear approach
for Article 18 (deforestation baseline > process > outcomes) to a much broader perspec-
tive of transforming towards sustainable land stewardship is due to the incorporation
of systems-oriented global land change science [42,43]. This strand of planetary, climate
change-oriented research acknowledges the fact that the transformation of terrestrial ecosys-
tems is largely driven by the way how global business supply chains are organized [44].
The scientific rationale for action rests on the assumption that a “trilemma of land use” ex-
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ists as pinpointed by the German Advisory Council on Global Change (WBGU) [3] (p. 22).
The trilemma is about the interference of three global crises, namely climate, agro-food
and biodiversity: “The current destruction, degradation and fragmentation of terrestrial
ecosystems is accelerating anthropogenic climate change, driving biodiversity loss and
impairing food security. All three crises, each in its own way, are related to the use of
land or terrestrial biomass and, in turn, have an impact on global land use and terrestrial
ecosystems” [3] (p. 22). The WBGU’s basic view is that “our current global approach to land
stewardship is an acute, systemic problem, but one that we can solve by taking smart, syn-
ergistic action and assuming solidarity-based responsibility in multi-actor partnerships” [3]
(p. 229). For this to achieve, a set of three coherent indicators has been suggested in relation
to complementary and closely interlinked policy goals, i.e., climate change mitigation,
biodiversity conservation and agro-food sovereignty. Most importantly, indicators were
selected on the basis that they (a) depict most acute crisis conditions, (b) have synergies for
sustainable land development and (c) can be supported simultaneously by multiple-benefit
strategies [3] (p. 225). The potential interplay of multiple-benefit strategies in the tobacco
sector is outlined below.

3.2.1. Climate Change, Forestry and Curing Technology

From 2007 to 2016, land use changes caused 23% of GHG emissions, thus contributing
to continued climate change (the 2015 Paris agreement limits Earth temperature increases
to between 1.5 ◦C and 2 ◦C, currently 1.1 ◦C) [45]. Regarding adaptation and mitigation to
climate change, a transformation of current land management practices deems unavoidable
for a variety of interlinked reasons. First, present land use/cover changes—the conversion
of natural cover into agricultural land, mainly—not only cause emissions (to be reduced),
but also remove carbon dioxide (CO2) from the atmosphere (forming a sink for CO2).
Second, the projected massive impacts of climate change (even if abated) will require
substantial adaptation of land use (shifts of agriculture’s physical geography) so that
sustainable land stewardship strengthens the resilience to climate impacts overall [3].
Land uses account for CO2 emissions as well as nitrous oxide (N2O) and methane (CH4)
emissions, but the latter have a limited lifetime in the atmosphere (no need to be reduced
completely). However, CO2 does not chemically decompose in the atmosphere and thus
needs to be brought back to zero (to stop climate change). A major process to remove
it from the atmosphere is photosynthesis (plants and sunlight breaking down CO2 and
producing biomass through CO2 transformation) [3,45]. The hitherto undisputed baseline
concerning tobacco as an agricultural cop is the ESATG statement that “its impact (. . . )
mak[es] a visible footprint for climate change” [12] (p. 4). In this context, multiple benefits
from sustainable land use arise when ecological restoration is done in tobacco growing
areas, i.e., measures to promote rehabilitation and/or recovery of land damaged by tobacco
cropping [46]. This means that land previously under tobacco is not destined to be returned
to a pristine state but put on the trajectory of sensibly designed land management in order
to adapt to and/or mitigate climate-change [3].

• Forest-related ecological restoration: Unless implemented in monoculture such as
timber plantations, forestry helps to restore relevant ecosystem services and promises
substantial global sequestration potential of CO2. Depending on the assumed time
horizons, this involves reforestation of deforested land as well as afforestation of
non-forested areas. During tree growth, atmospheric CO2 is fixed and stored in the
biomass of shrubs, woodland and trees or in wood products [3]. In a set of guiding
principles, IUCN stresses that the crucial point in afforestation is the influence it
exerts on biodiversity and soil carbon [47]. Negative side-effects and risks usually
emerge due to exotic species, especially the spread of non-indigenous, fast-growing
trees [3,47]. In this regard, eucalyptus has been preferred in many, if not most planting
schemes organized by tobacco companies [7,48,49]. They can change the balance of
soil water and nutrient flows, particularly in (semi)arid areas such as the Miombo
ecoregion [3]. However, published evidence of forestation activities is scarce as stated
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even in industry-mandated work: “Unfortunately, it is difficult to find reports on tree-
planting and other activities by the tobacco industry” [20] (p. 29). Notwithstanding
negative side-effects, forest-related restoration remains a key ecosystem impact that
matches the LND goal of offsetting tobacco-attributable land degradation caused by
forest/woodland removal (clear cutting) or forest/woodland degradation (curing).
It is also part of a multiple-benefit strategy to overcome the land use trilemma, since
forests/woodlands play an important role in providing non-timber forest products to
the rural population (e.g., bushmeat, fruits, mushrooms, herbs, berries), thus having
the potential of forming essential pillars for the livelihoods of farming communities, in
general, and tobacco farming households wanting to transform into more diversified
land management, in particular [3].

• Changes in curing technology: Albeit land stewardship such as ecological restora-
tion is substantial to overcome the climate crisis, taken alone it is insufficient [3]. If
global climate mitigation/adaptation as laid down in the Paris agreement is to be
made successful, there is wide agreement that CO2 emissions from fossil fuels such
as coal, oil and gas need to be reduced rapidly [45]. Therefore, as an immediate
action traditional curing barns that use wood (loosing up to 99% of energy such as in
Zimbabwe) are required to shift to more wood-efficient barn curing technology such
as rocket barns (though, still losing 56% of the energy supplied) [50]. Alternatively,
biomass “waste material” such as rice husks “is fully sustainable and cost-effective
if (. . . ) readily available” [20] (p. 35). Other biomass-based usages include char-
coal, organic waste products (coffee husks, olive stones, coconut shells, sugar cane
bagasse, groundnut hulls) and briquette fuel produced from these or other organic
material [51,52]. In a second step and given the fact that most wood for curing is taken
from forested customary land and to a lesser degree from forest reserves (and other
sources) [4,9,10,18,20,48,53], the goal of a tobacco farm’s self-sufficiency in sustain-
ably sourced wood is paramount. CORESTA’s benchmark indicators are as follows,
albeit unspecified and opaque: “% of renewable fuel consumed for tobacco curing,
% of alternative fuel (biomass) consumed for tobacco curing, % of wood fuel from a
sustainably managed source and consumed for tobacco curing” [28] (p. 40). Fossil
fuel-based curing technologies such as electricity from coal/oil/gas-powered plants or
the direct usage of coal as recommended, for example, in Zimbabwe in order to replace
wood [54], do not contribute to a multiple benefit strategy. Thus, scope for improve-
ment in curing barn energy efficiency is limited regarding potential to improve barn
construction materials, on-farm storage and curing process management. Likewise, as
a primary or supplementary heat source “alternative thermal and electrical energy
sources such as solar and wind power are used on a limited basis” [28] (p. 39).

In sum, both ecological restoration of tobacco land and technological adjustments in
tobacco curing offer opportunities to overcome the overtly rigid focus of ESATG’s activities
on tobacco’s environmental impact using single metrics only, i.e., percentage of deforesta-
tion caused by the crop (in comparison with other crops). In contrast, the WBGU approach
not only addresses widespread agricultural crisis conditions, but more so has synergies
for sustainable land development and supports multiple-benefit strategies. It helps to
overcome deficiencies of concepts such as the calculation of carbon footprint measures
that are mostly used in WHO-commissioned studies [1,35]. However and typically, at
some stage of developing an argument for action, footprint approaches will suffer from
data deficiencies: “Due to a lack of robust data on the deforestation caused by tobacco
farming and the unsustainably sourced wood for tobacco curing, the impacts of smoking
on climate change and ecosystems’ health could not be fully captured” [35] (p. 20). On the
other hand, industry-mandated work has since long sent warnings “that the consequences
of deforestation, especially in the arid and semi-arid areas, are so serious that all wood
users must take steps to conserve the existing resource and create new plantation supplies
for the future” [18] (p. 32). Thus, abandoning the framing of tobacco’s environmental
sustainability in footprint and related metrics (e.g., natural valuation), forestation and
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curing approaches show a way forward as a move towards sustainably sourced wood
providing tobacco farmers with an incentive to adjust to sustainable land stewardship in a
foreseeably challenging period of a transition to other land uses (see Section 3.2.3). Most
importantly, the ecological restoration approach is “already available and tested today,
(. . . ) a comparatively low-risk and relatively low-cost strategy, especially in the context of
the land-use trilemma” [3] (p. 64). Taken together, mature techniques of re/afforestation
can already be implemented or help replace mono-cultural timber plantations in many
tobacco growing areas without high technological requirements. The issue of changing
curing technology is more challenging in that it implies, at first instance, a shift away
from artificially cured tobacco varieties using coal, oil and gas to naturally cured varieties
(using air and sun). In a second move, it would require a change in consumer preferences,
i.e., away from FCV for the manufacture and mass consumption of (white, stick, filtered)
American blend-type cigarettes to, for example, bright sun-cured Oriental (or Turkish)
tobaccos for blends of pipe, to shade-cured tobacco used in hand-rolled or chewing tobacco
and/or to dark air-cured cigar tobacco varieties [5,55].

3.2.2. Biodiversity Conservation, Field and Soil Management

In 2005, with special regard to tobacco cropping, the MEA [9–11] and subsequent
studies [26,43,56] have shown that biodiversity overall, i.e., the biological diversity of genes,
species and ecosystems, is immensely important for the well-being of humans, namely
regulatory, material and non-material ecosystem services provided to humans that for
themselves constitute a habitat for plant and animal species (with plants accounting for 83%
of global biomass), thus generating essential foundations for human existence. For example,
over 50% of the naturally regulatory ecosystem services (e.g., storage of CO2 by trees, water
purification by forests) has a direct impact to overcoming the agro-food and climate crises.
However, their growing endangerment implies that all biodiversity-related services are in
danger as well [43,57]. As a matter of fact, all biomes and terrestrial (or land) ecoregions
(14 biomes and 846 ecoregions in total) are affected by biodiversity loss. Among the direct
causes are agricultural land-use changes triggering the large-scale destruction of natural
ecosystems, habitat fragmentation and species decline (if not extinctions). Overwhelmingly,
the indirect (or underlying) drivers point to globalization, namely international trade
and its effects. The direct (or proximate) drivers induce losses of biodiversity due to
the monotonization of landscapes (rather than favouring agro-diversity), and indirect
(or telecoupling) effects reveal associated production and consumption patterns due to
people’s lifestyles in remote parts of the world, including smoking [44,58]. Thus, the
complex conflicts of interest between human actors in relation to land-based ecosystem
services need to be addressed in an equally complex framework. The crucial point is that
the global loss of biodiversity and the threatening complete loss of individual services are
irreversible, but the worldwide degradation of ecosystems can be halted and, at least in
parts, be reversed through ecological restoration (see Section 3.2.1) and soil conservation [3].

• Sustainable land management (SLM): Relating to climate change in Sub-Saharan
Africa, in particular, it has been criticized that “SLM . . . by farms does not appear
to be seen as an adaptation priority. (. . . ) However, sustainable land and soil man-
agement is essential to the question of whether there can be a future for agriculture
in the semi-arid regions of Africa” [3] (p. 123). In this context, SLM measures will
need to address (a) biodiversity losses through land conversion from near-natural
land cover to agricultural uses (halt land clearance for tobacco), (b) agro-diversity
losses by vegetation disturbances on farming plots that receive, for example, massive
dosages of insecticides (replace tobacco by crops demanding less artificial agents), and
(c) genetic variety of crop species (phase out FCV monocropping) [59]. CORESTA’s
GAP framework sets out general key pillars of good tobacco farming practices [27],
and specific guidelines for sustainability in leaf production have been specified as
follows: (a) technologies to improve the efficiency of water use on seedlings by means
of hydroponics and micro-irrigation, for example, but also to improve input/output
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relations and soil management; (b) rotating crops as part of field crop management
as beneficial techniques to preserve nutrients and manage pest and diseases, among
others; (c) soil conservation measures in the form of widely spaced tobacco plants
(e.g., contour ploughing) in order to avoid soil erosion, in particular; (d) nutrient
management to strictly follow recommended fertilizer application measures (avoid
excessive dosages, etc.); (e) in field water management, exploitation of multiple syn-
ergies regarding soil conservation such as rainwater harvesting and storage through
contour bunding, among others; (f) integrated pest management to adopt, for example,
biological, mechanical and physical strategies for the reduction in crop losses caused
by disease/pest attacks, thus limiting the usage of artificial crop protection agents.
These principles (or guidelines) are supported by vaguely specified indicators such as
percentages of farmers that practice them [28].

• Soil carbon sequestration: Agro-forestry as well as forestry practices (see Section 3.2.1),
even when slight adjustments are made towards improved tree management, will
increase carbon sequestration in both forest and agricultural soils when trees are
integrated. Such as in SLM, this is achieved through adjustments in harvesting and
nutrient management, enriching soil carbon content and extracting CO2 from the
atmosphere. More so, soil and land health are stabilized (quality, richness of nutrients)
and the risk of soil erosion minimized [45]. In this context, and not only considering
the use of wood for tobacco curing, agro-forestry measures are important since they
ameliorate properties of the soil through the integration of commercial trees (wood,
fruit) such as shrubs, palms and bamboo, and since they diversify cultivation and nu-
trition, thus reducing and/or avoiding livelihood risks (see Section 3.2.3). Worldwide,
these farming practices have a long tradition and are considered since the 1970s to
play a crucial role in (sustainable) agricultural development [3]. Additionally, they
provide abundant synergies and multiple benefits (e.g., shade production, nutrient
recycling, water storage, generation of humus) [3]. However, agro-forestry is largely
absent from the way how CORESTA conceives sustainable tobacco leaf production,
i.e., focusing on individual (simplified, monotonous, standardized) tobacco cropping
rather than embarking on diversified and multifunctional farming practices.

In sum, both SLM measures and soil carbon sequestration help widen the rigid fo-
cus of ESATG’s activities on tobacco’s environmental impact using deforestation metrics
only. Against the background of the global biodiversity crises, a new, sustainable ap-
proach to tobacco land stewardship is needed in the form of an integrated strategy. Given
that externalities and costs of tobacco production, for example, have as yet not been ade-
quately internalized along agricultural supply chains, the FCTC/ESATG-process remains
charged with urging policy-makers to establish meaningful conditions for a tobacco land-
use transition and, even more so, create incentives for society (consumers/smokers) to
change preferences as well as obligations for business (tobacco TNCs) to apply useful
technologies to achieve greater sustainability within the economic and political FCTC
control system [1,3,44,56]. With considerable deforestation due to agricultural practices,
the Miombo ecoregion is illustrative of this (cf. Table 1). For example, crops such as maize
and tobacco replaced 74% (or 2.8 million ha) of forest cover, in the east of Tanzania alone
between 1908 and 2000, thus triggering substantial deforestation-attributable GHG emis-
sions [25]. In the Miombo zone (as in other ecoregions), measures of SLM and soil carbon
sequestration can potentially reduce land degradation impacts in situ as they improve the
efficiency of land resource use through ameliorating cropping patterns. In combination
with improved tobacco curing technology, they may help to avoid renewed land clearances
for tobacco, be these practices of swidden cultivation by smallholders and/or large-scale
clear cutting by plantation owners/managers (see Section 3.2.1).

3.2.3. Biomass Prioritizing, Crop Substitution and Livelihood Diversification

At present, the usage by humans of food, wood, feeds and fibre consumes around 25%
of the globe’s potential terrestrial net primary production. Since the amount of biomass
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generated by ecosystems is limited by the extent and quality of the global land surface,
an unlimited expansion is not possible [45,56,60]. On the other hand, the proportion of
chronically hungry people in the world population has been stagnating since 2015, while
absolute numbers are on an increase since then (currently 690 million humans). Aside
with hunger, malnutrition is another issue, i.e., the absence or scarcity of trace elements,
vitamins and/or minerals. Overall, about two billion people suffer from severe or moderate
food insecurity [61]. In this context, current agro-food production systems have multiple
negative, local-to-global impacts on environment and climate, mainly due to their high
intensity of resource use such as the agro-industrialized mode of FCV cropping [45,61].

In general, an integrating and strategic view is required that is suited to connect land-
use policy synergies with the dimensions of the land-use trilemma. Therefore, competing
land uses and/or land claims need to be balanced and prioritized. Above all, and in order
not to violate fundamental human development rights such as SDG 2 (ending hunger
by 2030), it has been suggested by the WBGU to apply the principle of “a hierarchy in
the use of biomass” [3] (p. 6). It means the low ranking of agricultural land for non-
food crops (such as N. tabacum) and of specific wood-based energy uses (such as tobacco
curing) in favour of food security and food sovereignty. In this regard, reference can be
made to a crucial statement generated by the MEA: “[Non-tobacco growers] manage more
diverse and stable agro-ecosystems, produce more food, and show a stronger negotiating
capacity within the political process. The strategy of tobacco growers, in contrast, depends
far more on the agroindustry. They produce less food, have very limited negotiation
power, and are more exposed to the control of tobacco companies and the fluctuations of
tobacco prices and industry” [11] (p. 159). Thus, even before ESATG had started supply-
side regulation thinking, the MEA already captured what the WBGU later describes as “a
systemic connection between the problems of over- and malnutrition and the environmental
problems connected with industrialized agriculture” [3] (p. 26). It reflects a situation
where the industrialized, globalized agro-food system (with the tobacco business being
evidence of this) is controlled by a rather small group of leading actors such as BAT, PMI
or the Chinese National Tobacco Corporation (CNTC), benefitting from economies of scale
through the management of global agricultural supply chains and promoting (in the case
of seeds and varieties such as FCV) the monotonization of landscapes and large-scale
biodiversity losses [44,62].

In this regard, the ESATG group has, in addition to FCTC Article 18, another man-
date which is to implement Article 17 (development of an alternative farming model) by
outlining policy options and recommendations how a shift to sustainable alternatives to
the production of N. tabacum could be achieved. A sustainable livelihood approach has
been proposed: “Many countries, including the world’s largest producers are taking steps
to find alternatives to tobacco growing. Several economically sustainable alternatives . . .
have been identified in studies in various regions of the world. (. . . ) Not only income
and crop profitability but all aspects of farmers’ livelihoods need to be addressed. A
framework for alternative livelihoods that addresses the problem holistically could form a
bridge between academic findings and policy decisions” [34] (p. 4). The baseline is that
“the principle of livelihood diversification goes beyond the idea of substituting one crop
with another”, and that “alternatives should be developed under the principles of pro-
moting sustainable development (. . . ), enhancing the ability of growers to manage natural
resources sustainably with lower negative environmental impacts, increasing resource
efficiency and reducing waste” [34] (p. 7). In essence, the effort is about a large-scale
sustainable development project, i.e., “to allow a transition to agro-ecology, recover soil
fertility and preserve biodiversity” [34] (p. 10). In order to frame and promote research, it
is recommended to follow a “standardization of methodology and approach”, borrowing
from rural development science with a particular focus upon food/livelihood security;
therefore, “data of land-use patterns should be collected in tobacco-growing areas, to find
out if land used for food crops has been transformed into tobacco-growing land or vice
versa” [34] (p. 11). The set of indicators chosen to monitor and evaluate progress together
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with its underlying principles mimic that of deforestation metrics (and principles), i.e.,
constituting a rational-positivist approach of an evidence-based policy design that follows
a linear, three-step implementation: situation analysis > process (to change situation) >
(expected) outcomes (see Section 3.1, cf. Table 2). Likewise, indicators for Article 17 are
similar, if not identical, to those for Article 18 in that the real-world complexity of land
change is reduced to a single metric, i.e., the “number of percentage of tobacco growers
fully/partially shifted to alternative crops and other livelihoods” [34] (p. 21).

While the tobacco industry through its agricultural pressure groups (mainly ITGA, to
a lesser degree CORESTA) continues to claim that no economically sustainable alternatives
to tobacco land use exist, especially for smallholders in the developing world [33], a
compilation of three national case studies by the International Development Research
Centre (IDRC) presents findings and insights to the contrary.

• The Government of Bangladesh, for example, is a Party to the FCTC. After environ-
mental regulation and enforcement failed to halt tobacco-attributable deforestation,
it indicated to assist FCV farmers in identifying alternative land uses from 2009 on-
wards and, finally, in 2013 removed all state incentives to tobacco production in
food-producing areas (with banks following suit regarding loans, etc.) [63]. From the
viewpoint of food security, FCV monocropping disrupts other crop cycles when it
comes to land-use decision making on planting, harvesting, etc. FCV actually denies
the potential for triple cropping which makes land use essentially inefficient, thus
creating bottlenecks of food availability. Rather than searching and/or finding the
perfect crop to substitute for tobacco, farmers together with researchers assessed
pathways to identify a gradual, dynamic and innovative transition focusing on the
start and end of the (tobacco) season and “therefore providing a transitional stream
of income” [63] (p. 165). Still a legal crop, courts rule to limit the amount of land
under tobacco, and the crop is found to have little in common with cash crops that
are welcomed and recognized as contributing positively to society (e.g., vegetables,
spices, oil seeds, jute). Costs (to access markets, seed, transportation, etc.) together
with complex land leasing/contractual arrangements indicate that there is no one-size-
fits-all approach [63]. A full exit from tobacco is seen to enhance food security that is a
paramount national imperative. Nationally, on most land under tobacco up to three
crops can be cultivated per season in mixed farming. Thus, tests of economic viability
confirmed that considerable economic rates of return on financial inputs, labour and
land are available to farmers who start to phase out tobacco. Since they were put
into a position to acquire relevant knowledge and gain access to seeds and markets,
it came with no surprise that none of the hundreds of farmers in the experiment has
returned to tobacco growing [63].

• Differently, the Government of Kenya, also a Party to the FCTC, passed legislation to
regulate production, but the practice of holding shares of the tobacco industry turned
out to be counterproductive when directly searching for alternative developments,
“making the government complicit in the industry’s current expansion within the
country” [49] (p. 194). From 2006 to 2009, state-supported experiments were carried
out by civil society organizations with bamboo cultivation, testing the engagement of
hundreds of farmers in the South Nyanza Region in substituting tobacco for bamboo,
a multi-purpose agro-forestry crop. Bamboo Farmers’ Cooperatives were set up for
marketing, processing and training (poles, furniture and handicrafts, mainly) [49]. A
comparison between tobacco and bamboo revealed that income generated by bamboo
farming has been up to five times higher than that achieved by tobacco. In addition,
when farmers cultivated peppers and other vegetables during the first year together
with bamboo (expecting bamboo to reach maturity after three years), they experienced
extra sources of income due to intercropping. Except for one district, nearly 75% of
the farmers with the tobacco transition experiments phased out N. tabacum, albeit
the industry has not stopped its activities in the area, mainly due to contractual
arrangements between individual growers and TNCs such as BAT [49].
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• In Brazil, FCV has turned the country into a highly prominent, export-oriented pro-
ducer for the international market, with the Rio Pardo Valley in the south generating
97% of national production [64]. As a party to the FCTC, the Brazilian government im-
plemented a National Programme for Diversification in Tobacco-Growing Areas that
provided assistance through rural extension services to open up chances of employ-
ment and revenues, especially for family agriculture. As a compromise, and reflecting
the situation where smallholders find themselves embedded in contracts with TNCs
such as BAT, the programme explicitly states that it will not prohibit tobacco produc-
tion. Overall, “governance of the process is extremely confused, making it difficult to
enforce policy changes in a meaningful way”, mainly because transformative action
on diversification cannot be integrated into the inherited, national institutional setting
of the country [64] (p. 231).

In sum, a generalization of national, evidence-based case study material suggests
that crops (or crop combinations) as well as strategies to diversify farming (or livelihoods)
exist in the form of exit options for tobacco growing households. However, in the case of
lacking support for smallholder agriculture and rural development in general (mainly due
to macroeconomic policies), farmers have limited choices for a self-determined transition
away from N. tabacum since extension services and market infrastructure are provided
by the tobacco industry [65]. In order to make use of synergies in adjustments of tobacco
curing technology (see Section 3.2.1), the objective cannot be to phase out tobacco produc-
tion suddenly but move gradually towards a transition in which alternative livelihoods
and perhaps even naturally cured tobaccos still play a role in ecologically sound land-use
decision making. Foreseeably, supply-side tobacco-control interventions will not negatively
impact upon the existing generation of tobacco growers. Instead, they will realize willing-
ness and practical actions of the state (access to public financing, continued withdrawal of
tobacco subsidies) to assist them in a transition to tobacco-free livelihoods and alternative
crops. However, it appears that rather than “a national vision for sustainable agriculture”
a truly planetary vision is needed as key to overcome the negative (and interlinked) ef-
fects of environmental change and agricultural land use, epitomized, among others, in
tobacco-attributable deforestation [65] (p. 253). In this context, and again trying to enact
multiple synergies to overcome the land-use trilemma, a sustainability transition needs to
be guided by the principles of agro-ecology as an “antithesis of industrial agriculture” (such
as tobacco farming) [3] (p. 362), i.e., linking local and traditional knowledge with scientific
findings that aim to socio-ecologically transform global agricultural supply chains of the
agro-food system. A focus will be essential on small-scale, diversified farming systems that
can optimize nutrient cycles boosting ecosystem services and, thus, resilience [66,67].

3.3. Digital Land Monitoring and Transformative Governance

Tobacco land stewardship and governance require monitoring that helps to docu-
ment the properties of biodiversity and land (or soils) in an effort to make use of multiple
benefits [3,68]. Since digitalized spatial datasets and digitally supported monitoring are
increasingly used for implementing land-use decision making, the ESATG-driven mapping
and monitoring efforts concerning tobacco-attributable deforestation (cf. Table 2) and
alternative land uses (cf. Section 3.2.3) should likewise follow this format. In addition,
and apart from satellites, material infrastructure needs to be installed on Earth. Most
evident from so-called REDD+ activities, i.e., the forest conservation and reforestation pro-
gramme under UNFCC, digitalization lays ground for the continuous evaluation of data,
making possible a novel way of monitoring alternative land uses from design/research
to experiment/application in situ [69]. Most valuable contributions stem from digitally
supported monitoring systems combined with RS and locally based sensors such as GPS
trackers and smartphones. The latter might be useful not only in state-driven tobacco
mapping/monitoring activities, but also for stakeholder applications when local farming
population, civil society organizations and/or citizen science (CS) networking platforms
plan to improve the quality of research-generated data and information about local proper-



Sustainability 2021, 13, 9242 15 of 20

ties, thus increasing awareness with regard to sustainability and the SDGs [70]. Reflecting
the IDRC cases of tobacco livelihood diversification in the light of ecosystem service man-
agement [49,63–65], it can be inferred that CS may constitute a productive resource. Moving
beyond digital methods, it allows to benefit from different knowledge systems that can
be addressed with qualitative social research and mixed method approaches. There is
reason to assume that monitoring land change dynamics will be available in due time
internationally, striving for a consolidated and comprehensive perspective on CS and
SDG indicators.

Several promising devices (concepts, tools, measures) exist to support the move
towards consolidated tobacco land-use sustainability metrics [3]. For example, the Coper-
nicus Land Monitoring Service (CLMS) generates products with relevance for LDN in the
field of satellite-based RS and in situ data since 2012. CLMS’s main components include
efforts to map and thus identify various classes of land-use/cover (e.g., woodland or forest
cover). Further, they are designed to survey changes (energy flows) of water and vegetation
applying systematized (biophysical) parameters in a long-term time approach. With rele-
vance for CS, the European operators (land.copernicus.eu) provide free and open access to
information [3]. Likewise, satellite data such as Sentinel-2A imagery may also be evaluated
for a wide variety of ESATG-related monitoring applications, including the analysis of
soil degradation on tobacco plots and/or the cartographic classification of different land
uses, be this tobacco growing, tobacco-attributable deforested area or land suitable for
alternative crops [71]. In dry tropical forests such as the Miombo ecoregion, for example,
RS-based research explored gains and losses in woodland cover in the Tabora Region, the
leading FCV growing area of Tanzania (cf. Table 1). Given difficulties there to provide
quantifications at the level of sub-districts, RS-based characteristics were field-validated
and checked against land surface elements in the period 1990–2010, combining Landsat
5–8 data with a linear spectral mixture approach [23]. The land change detection method
helped to monitor regional forest-cover changes and to identify local pathways of land
change, thus improving both insights into driving forces and measures of forest conser-
vation. In Tabora, aggregate forest changes were found to outweigh national aggregate
changes by factor 2, and net forest losses were found to be similar to previous RS work
(i.e., about 10%) [16], thus confirming a tropical dryland ecoregion at risk due to tobacco
farming (cf. Table 1). This study by Marc Mayes and colleagues shows that satellite-based
analysis can identify both drivers and pressures, making the point that both need to be
estimated/evaluated with regard to forthcoming tobacco land changes [23].

Two points about the transformative, supply-side governance of tobacco need to be
addressed explicitly. First, be it sustainable land stewardship or biodiversity, monitoring
progress with digitalized spatial data can only be achieved incrementally, and second,
implementation is more than a technical matter since it involves setting land-use policy
priorities [3]. In this context, it is crucial to recall the failure of tobacco companies to
self-report ecologically sound agricultural and forestry practices (including curing) in a
transparent and trustworthy manner, as noted by TEEB [30,31]. Still, the tobacco industry’s
efforts are designed “to obfuscate the environmental impact of its business”, and “a
fundamental and irreconcilable conflict between the tobacco industry’s interests and public
health policy interests”, including supply-side tobacco regulation, continues to exist [1]
(p. 34). For this reason, the industry and its associate partners (or front groups) have
been made eligible under FCTC Article 5.3 (General obligations) that requires Parties
to the FCTC “to exclude the tobacco industry from participating in decision-making,
management and other activities regarding the regulation of the environmental impact
of their production processes. Stronger application of this Article would push tobacco
companies to be more explicit in their sustainability reporting about the life cycle of tobacco
products, given that they currently tend to use opaque, unclear and imprecise language” [1]
(p. 32). Likewise, Article 13 (Tobacco advertising, promotion and sponsorship) sets out “to
ban or restrict false CSR activities by the tobacco industry such as promoting re-forestation
(. . . ) in tobacco growing (. . . ). The tobacco industry’s poor (. . . ) environmental stewardship
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record should also be more heavily publicized. These efforts should be linked to efforts
under Article 5.3” [1] (p. 32). This implies that—rather than using CSR as greenwashing—
principles of ecological and economic responsibility need to be put into practice such as
minimum taxation of global business activities, extended producer responsibility and/or
product stewardship with relevance for concerns of land stewardship [1]. In sum, and
“because tobacco companies regularly exploit the differences in national regulations to
avoid declaring or paying for the environmental damage caused by their activities” [1]
(p. 32), international treaties rather than national programmes and/or public–private
partnerships (involving tobacco TNCs) will need to form a key element of any approach to
achieve a sustainability transition in tobacco land use.

Numerous conventions, institutions and international organizations are working on
the transformation of land use and land cover at the global scale. As suggested by the
WBGU, a focus on co-operations under the Rio Conventions (CBD, UNCCD, UNFCCC),
on scientific appraisals of land use [9–11,45,56] and on the potential for increasingly inter-
linkage (networking) is valid for enhancing tobacco land change [3]. Land stewardship, in
particular, is already a central part of all three Rio conventions, with UNCCD aiming at
land-degradation prevention and LDN, CBD at conserving and sustainably using land and
land-related biodiversity, and UNFCCC addressing sinks and sources of GHG emissions
from land together with climate change impacts on agriculture. Thus, socio-ecologically
sound land management can be achieved if activities directed towards land stewardship are
mainstreamed and jointly put into practice using synergies from all conventions (including
FCTC) in a systematized and overarching effort [3]. In this regard, tobacco as the most
widely cultivated and highly controversial crop is crucial to be integrated into a global
architecture of land stewardship responsibility under the umbrella of the Rio conventions,
supported by inclusion in the agenda of GLP (glp.earth) and/or the Global Landscapes
Forum (GLF), for example. Concerning a global landscape approach, the mandate of
GLF would need to be further developed then [72]. Likewise, global land use modelling
initiatives and state rural extension services should be combined with CS initiatives in
an effort to create transformation hubs (or competence centres) at the regional or land-
scape level, incorporating consistent references to the crises of agro-food, biodiversity and
climate as transformative challenges. This will help researching and testing integrative,
landscape-level land-use applications to transform into practice [3]. While existing forums
of global tobacco land change such as IDRC are valuable, they would perhaps need to be
refocused from a national level (stressing rural development) to a planetary/biosphere
level (stressing land stewardship), and, additionally, be remodelled so as to become part of
much larger co-operative alliances. Taking up a recommendation of the WBGU, it is useful
to establish regional co-operations for cross-border implementation by like-minded states
and subnational regions aside with supranational institutions framing global (rather than
national) land-use transformations [3]. Given the wide distribution of tobacco growing
activities across the globe, a focus on a few clusters (where tobacco farming is spatially
concentrated) is an efficient way to find an entry point to supranational tobacco landscape
alliances (two thirds of the world’s tobacco land is concentrated in just five countries,
i.e., China, Brazil, India, Indonesia and Malawi, with the latter situated in the Miombo
ecoregion). Rather than continuing to follow an evidence-based focus on, for example, how
to achieve transformation in minor tobacco growing countries such as in Europe [51,73],
five tobacco clusters in the global south should become a central part of thinking about
land stewardship and transformative governance.

In addition, and in order to generate attention and resources to the issues addressed
in FCTC Articles 17 and 18, a global vision for sustainable tobacco land stewardship
should become part of a “joint Conference of the Parties to the three Rio Conventions:
the Global Land Summit” in 2025 [3] (p. 265). Therefore, the ESATG group needs to
liaise with JLG between the secretariats of the UNFCCC, CBD and UNCCD that was
established in 2001 to focus on how land-related challenges can be dealt with effectively. In
general, the development of joint standards for safeguards to mainstream devices, tools,
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etc. and to promote uniform standards for e.g., environmental impact assessments across
all conventions (including FCTC) constitutes an important venue to improve institutional
co-operation and co-ordination at the international level [3]. Linking to JLG, organizing
tobacco input into the agenda of a global land change conference and forming future
landscape alliances requires the ESATG process to shift from a predominantly public
health-driven to a distinctly land health-oriented activity. Therefore, already existing
and land-related indicator systems concerning biomass use, biodiversity, etc., need to
be screened, strengthened and supplemented with a view upon transparent monitoring
through (shared) open data, perhaps involving CS. In order to arrive at much-improved
land-use sustainability metrics for tobacco, the multiple-benefit strategies as outlined
previously offer valuable starting points for important changes in terrestrial ecosystems
and their services.

4. Conclusions

Since its implementation in 2007, the global regulation of tobacco as an agricultural
crop has not received political (and public) attention, developing instead a “reactive and
defensive stance” [65] (p. 248). This paper, mainly relating to deforestation, argues that the
blockade is due both to industry greenwashing and a positivist, evidence-based approach
used by WHO. The latter is driven by rational principles/guidelines and uses a linear, non-
systemic policy design (situation analysis > process > outcome) with a single supply-side
indicator of environmental sustainability (reduce the number of trees lost while farm-
ing/curing), i.e., mimicking the demand-side indicator of public health (reduce the number
of smokers). Such design for regulatory land-use policies was doomed to fail since it did
not recognize and acknowledge the multiplicity of social, cultural, ecological, historical and
political factors that have profound effects on land change, rural livelihoods and how land
is used. Furthermore, no consolidated and agreed upon land-use sustainability metrics
have ever been made available to assess, monitor and quantify the global tobacco land-use
transition. Instead, a wide array of models, concepts, tools, devices and indicators had
been applied addressing biodiversity and ecosystem impacts in an unrelated, theoretically
untidy manner. Only with the emergence of planetary land change science, an orientation
towards SDGs and the adoption of integrative landscape thinking, it is possible now to
induce a sustainability transition in the face of the interlinked climate, biodiversity and
agro-food crises [3]. This new approach will imply getting focused on multiple-benefit
strategies including tobacco as a crop (ecosystem restoration, curing technology, SLM
measures, etc.). The tobacco transition will need to be researched and designed involving
a multiplicity of stakeholders, but with no direct contributions or interferences from the
side of tobacco TNCs, given their obfuscating behaviour in addressing land stewardship
along their agricultural supply chains in the past (given FCTC Articles 5.3 and 13). Support
from digital technologies and usage of land surface monitoring systems to mainstream
a selected, extended set of indicators is meaningful, but would need to be tested first,
perhaps as a flagship activity to demonstrate its potential validity for a much wider land-
use sustainability transition. Global rather than national co-operation is required and
“existing international processes should . . . be more closely coordinated at a Global Land
Summit” showcasing tobacco among other land uses [3] (p. 229). However, it is evident
from the ESATG process and other, if not most land-based sustainability initiatives that—if
involvement and participation of local farming households and breaking the dependency
on powerful tobacco TNCs cannot be achieved—(re)thinking and (re)designing tobacco
land use tends to play out as a “science-driven, policy-oriented, bureaucracy centred project
of environmental management” [74], merely (p. 279).
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