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Supplementary Information

1. Deforestation

Table S1. Empirical studies on deforestation included and analyzed in the review.

Deforestation

No Indicator

Proxy Indi-

Method
cator

Scheme

Findings

Time
frame

World

Country region

Low to no ef-
fect on defor-
estation
1 within man-
agement unit;
>1%
(no effect/-)

Spatial
analysis,
statistical

analysis

Annual
forest loss

FSC

We find low forest
loss inside the
boundaries of each
management inter-
vention, with <1%
lost over the study
period (2000-2013).
Certified and uncer-
tified concessions
had the same effect
on forest loss rates.
However, the uncer-
tified concessions
minimally lowered
forest loss rates com-
pared to matched
control forests.

2000-
2013

Cameroon, multiple
study sites

Reduction in
deforestation,
but low 1%

*)

Statistical Forest
matching

method

cover
change

FSC

Rarely in this study
were we able to re-
ject the null hypothe-
sis that FSC certifica-
tion has no impact
on forest loss. Certi-
fication significantly
reduces the probabil-
ity of forest loss by
less than 1% (2000-
2012). Therefore, the
effects of FSC certifi-
cation on forest loss
are estimated to be
very small.

2000-
2012

Africa (3)

Cameroon, multiple
study sites

Reduction in
deforestation:
48% less de-

forestation yet

not less than
concessions
with FM
(no effect)

Quasi-ex-
perimental,
difference-  Forest
in-differ- cover

ence ap- change

proach, spa-
P . .
tial analysis

FSC

The area deforested
is lower (74% lower
between (2000-2010)
in logging conces-
sions that have an
approved forest
management plan
(FMP) in the Congo

2000-
2010

Congo Basin — ex-
cept the Democratic

[3] Republic of Congo

(DRC).
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Basin. More specifi-
cally, in concessions
with an FMP over a
more extended pe-
riod, deforestation is
lower. Concessions
with FSC certificates,
testifying that FMP
has indeed been im-
plemented, have an
average avoided de-
forestation estimated
at 514 ha between
2000 and 2010. This
represents 48% less
deforestation in con-
cessions that have
received their FSC
certificates between
2005 and 2010. Con-
sidering these limita-
tions of the study
and that concessions
with FSC certifica-
tion have had their
certificates for at
least five years, the
complementary
analyses suggest no
statistically signifi-
cant difference of de-
forestation across
FSC-certified conces-
sions and their peers
with approved FMP
that had no FSC cer-
tificate. Therefore,
the additional bene-
fit of issuing an FSC
certificate over ap-
proval of FMP seems
nonexistent com-
pared to the overall
impact of imple-
menting FMP.

4

No effect

Spatial
analysis, in-
terviews

Percent of
forest
cover loss
and gain

FSC

There is no differ-
ence between certi-
fied and non-certi-
fied companies re-
garding forest cover
loss from 2008 to

2008-

2015; (4] Russia, Primorsky
2000- Krai
2012

Asia (2)
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2015 or forest cover
gain from 2000 to
2012.
Quasi-ex-
Reduction in perimental, Forest Between 2000 and
deforestation: spatial ex- 2008, FSC reduced  2000- Indonesia, Kaliman-
o .. cover FSC [5]
by 5% plicit econo- aggregate deforesta- 2008 tan
) change . o
(++) metric tion by 5 %.
method
From 2002 to 2007,
the average annual
deforestation rate for
the entire MBR is
0.88%, over twenty
times higher than
Reduction in the deforestation
deforestation: rate for the FSC cer-
0.04% com- Annual de- tified concessions Central
ial 2002- 1
6 pared to 0.88% Spatlé forestation ~FSC (0.04%) (Table 2). 00 [6] Quatema a Maya America
. . analysis . 2007 Biosphere reserve
in uncertified rates Similarly, the aver- (1)
concessions age annual defor-
(+) estation rate for the
core protected areas
(0.79%) is nearly
twenty times higher
than the rate for the
FSC-certified conces-
sions.
Tree cover
1 -
Panel data laotsos; reg;
techniques; miti,irI: The analysis results
No evi- matched and e%), offer no evidence 2001 Mexico, several North
7 dence/effect difference- g FSC that FSC certification [7] study sites across America
.1 physical . 2012
in-differ- and socio affects deforestation country @)
enced mod- ) (2001-2012).
ols economic
land char-
acteristics
Ql%a51—ex- We find that logging
perimental, concessions do not
No differ- difference- Peru, Amazon (Ma-
L. Tree cover affect tree-cover loss  2000- .
8 ence/effect in-differ- FSC . [8] dre de Dios, Loreto
e model loss on average, while 2013 and Ucayali)
¢ ] ! the PAs reduce for- y South
spatial anal- :
. est loss. America
ysis @)
Reduction in QL}&SI-GX- FSC, ProPe'rtle's with FSC
. perimental, Natural certification tended
deforestation: PEFC- .
matched forest con- to have lower histor- 2001- . . .
9  between 2- . . CER- . . [9] Chile, multiple sites
difference- version to ical deforestation 2011
23% in-differ: lantations FLOR, rates than properties
(++) P JSP prop

ence

pursuing other
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analysis,
spatial ex-
plicit econo-
metric
method

nonstate, market-
driven (NSMD) gov-
ernance regimes.
NSMD governance
regimes reduced de-
forestation on partic-
ipating properties by
2-23%. Our results
indicate that FSC
certification was
more effective in
slowing forest con-
version than the
more industry-
friendly CERTFOR
standard or the JSP
moratorium.

Indonesia:
likely, Gabon:

no change,

10  Brazil, yes

Synthetic
control
method

(SCM)

Tree cover

change
over longer

time frame
(no effect/+)

FSC

Certification likely
did reduce defor-
estation in our case
study FMU in Indo-
nesia and likely did
not in our case study
FMU in Gabon. In
our case study FMU
in Brazil, the effect of
certification varied
over time. However,
placebo tests show
that this effect was
insignificant in one
case. In another case,
it followed several
years in which certi-
fication had the op-
posite effect (increas-
ing tree cover loss).

2000-
2012

[10]

Brazilian Amazon
(orsa Florestal); In-
donesia, Kaliman-
tan; Gabon (Rougier
landscape)

Peru: No aver-
age deforest
impact in
study area ex-
cept one re-
gion (0.07%
11  per year).
Cameroon: No

Quasi ex-
perimental,

spatial ex- Loss of for-
plicit econo- est area

significant ef metric
] thod
fect (0.02% per fetio
year in study
area)

(no effect/+)

FSC

Peru: There is no av-
erage FSC deforesta-
tion impact in the
study area (almost
all concessions). One
region, Madre de
Dios, has an average
reduction of 0.07%
per year (2000-2013).
Cameroon: Small av-
erage FSCC defor-
estation impact of
0.02% per year in
our study area (all

2000-
2013

[11]

Peru ((Madre de
Dios, Loreto and
Ucayali), Cameroon
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concessions), though
there is no statisti-
cally significant ef-
fect in four of five re-
gions.

2. Forest degradation

Table S2. Empirical studies on biodiversity included and analyzed in the review.

Biodiversity
Proxy- Indica- .o Refer- World re-
No Method roxy- tncica Impact Scheme Findings erer Country oridre
tor ence gion
Forest certification standards
and implementation processes
are positively related to biodi-
. versity conservation. For exam-
Mixed- s
Tree (adult and ple, there are significantly .
method, retro . . L Tanzania,
erspective seedling) spe- Posi higher tree (adults) species rich- Kilwa district
1 P .p . cies richness, ) FSC  ness, diversity, and density in [12]
quasi-experi- .~ tive . .
diversity and certified community forests
mental de- ; )
sion density than in open access forests and
& state forest reserves.
Data collected in 2013 static
comparison.
Ape nest In addition to providing empiri-
counts along cal support for the ecological
standardized needs of endangered African
line transects apes, these results convey feed-
5 using a be-  Species occur- osi back to forestry managers on
fore, during rence, gorillas, ive ESC  the efficacy of reduced impact ~ [13]  Congo, Kabo
and after ~ chimpanzees. logging practices and certifica- Africa (3)
(BDA) meth- tion schemes on wildlife.
odology, Line transects were surveyed
General lin- twelve times between 2004 and
ear model 2012,
We found density was highest
Spatiallv-ex at a pristine, undisturbed site
é’dt o yture (16.23 [+5.84 SE] individuals per
P P 100 km2) and lowest at a village
recapture . .
site with moderate levels of
models to .
camera tra mostly subsistence bushmeat
,p Population den- . hunting (3.8 [+2.23 SE] individu-
data to esti- | . osi- . Central Ga-
3 ., sity of African FSC  als per 100 km2). Logging con-  [14]
mate density ive i ; bon
cat cessions can support important
across a hu-

man land-use
gradient at
five sites in

central Gabon

densities of the species (10.18
[+3.54 SE] and 12.84 [+4.25 SE]
individuals per 100 km2), with
the higher estimate of the two
for the concession certified by
the Forest Stewardship Council
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(FSC) versus the non-certified
concession.
2011-2013

Abundances of
medium to

Mammalian density and species

Tangkulap  Asia (7)

large ground- composition were not signifi- .
. . Malaysia,
dwelling verte- cantly different between pre-
Camera trap- o Neu- . Borneo, Dera-
4 . brates’ differ- FSC  and post-harvested areas prior  [15].
ping tral makot Forest
ences between to RIL harvest. Reserve
before and after February 2008 to September
harvest- 2009.
ing by RIL.
Higher species richness (of
threatened species) in certified
p ) Malaysia;
forests
Camera trap- Borneo Dera-
ping in com- D makot and
eramakot was sampled be-
bination with Mammalian di- Posi- P Tangkulap
) . ) FSC tween September 2008 and Jan-  [16] ]
community versity tive and Segaliud
uary 2009, Tangkulap between
occupancy . Lokan Forest
. April and September 2009 and
modelling . Reserve
Segaliud Lokan between Janu-
ary and April 2010.
Effects of FSC- The mean number of species
RIL of diversit recorded per plot was signifi-
Heat camera- Y PEr b7 &
trapping sen of forest-dwell- cantly greater in Deramakot Malavsia
PPING eI 4 o medium to (17.562.8; n = 20) than in yeia,
sors located . Borneo, Dera-
. large-bodied Tangkulap (15.262.0; n =9)
in 29 plots at . . makot and
. vertebrate spe- Posi- (P,0.05). Among the 36 species,
6 5kminter- | ) FSC . [17]
cies ataland- tive six threatened species showed a
vals through- . . forest re-
scape-scale significantly higher frequency
out the two . serve!
based on a com- per plot in Deramakot.
forest re- .
parison be-
serves .
tween the two June 2008 to April 2009
reserves.
Significant spatiotemporal
. changes in carbon and forest in-
Forest intact- . .
tactness during these five years .
L1 .. ness based on .. L Malaysia,
Biodiversity . reflected past logging intensities
. - the tree-generic Borneo
observation - and current management re-
compositional . . . Deramakot
forlandand | .= . ... Posi- gimes in these forests. Enhance-
similarity with FSC [18] and Tangku-
ecosystem . tive ment of these ecosystem ser-
that of a pris- . . lap forest re-
health tine forest (i vices occurred in the forest
ine forest (in- r
(BOLEH) el ? ° . where sustainable management serve
dex of biodiver- . . .
with reduced-impact logging

sity).

had long been implemented.

! Deramakot is a sustainably managed forest with reduced impact logging, while Tangkulap is a forest damaged by

conventional logging at the time of investigation (2001-2007).
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2009, 2014

Reduced impact
logging, biodi-

versity, richness Posi-
and composi-
tion of canopy

tree community

Fieldwork
(report based
8 on empirical tive
data/results
of project)

FSC

Positive impact on biodiversity:
it can be concluded that RIL can
maintain the richness and com-
position of the canopy tree com-
munity at a level equivalent to
the pristine forest.
2003

Malaysia,
Borneo, Dera-
makot forest
reserve

[19]

Field vegeta- forest structure
tion survey, and biodiver-

statistical  sity, stem den-

9 analysis (non- sity, basal area,
linear regres- ecological in-
sion), model- tegrity (total

ing stand volume).

Posi-
tive

FSC

The tree species composition be-
came diverse with age and be-
gan to resemble that of baseline
forests around 25 years.
Results suggest that the forest
structure in secondary stands
follows a natural regeneration
dynamic over the rotation pe-
riod but had not yet attained the
same structure and composition
as baseline forests at 25 years.
Growth models suggest that the
harvest rotation may need to be
extended to 3040 years for sec-
ondary stands to attain similar
ranges of forest structure, com-
positions, and volumes to base-
line forests.

June to August 2015. A total
of 28 transects were established

Indonesia,

[20] West Papua

Statistical
. Forest carbon .
analysis, 0si-

storage, species .
stakeholder 8¢ 5P tive

richness
workshop

FSC

The study found higher carbon
stock (p<0.05) and species rich-
ness and a lower ecological
threat index (p<0.10) in the cer-
tified community forests com-
pared to non-certified commu-
nity forests. In addition, the
study showed that forest carbon
stock is positively related to
species richness and negatively
to the ecological threat index.
February-May 2013

Nepal,
Charnawati
landscape in
the Dolakha

district

[21]

Floristic compo-

L sition, reduced .
ordination . . tive
impact logging

Constrained Posi-

FSC

The highest abundance of light-
benefiting taxa was found in
certified forests, whereas con-
ventionally managed forests
were floristically more similar
to natural forests. We found a
lower floristic similarity be-
tween certified and natural for-
ests than between convention-
ally managed forests and

[22]. Honduras

Central
America

ey
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natural forests in the treefall
gaps studied in northern Hon-
duras. Based on the high abun-
dance of pioneer species and
gap environmental variables in-
dicating a reduced disturbance
in the certified forests, we sug-
gest that factors such as past
loggings, hurricanes, and the lo-
cation of the forests in relation
to seed sources may have a
more significant impact on for-
est structure than implementing
certified management practices.
Elements of
Stream Visual
Assessment
Protocol
(SVAP): Chan-
nel condition, e s
. Forest certification positively af-
Hydrologic al- . L
. fected the ecological condition
teration, Bank .
.\ . of the surveyed streams, but its
condition, Ri-
. effects were only measurable af-
parian area . e
. . ter five years of certification. Portugal, sub-
quantity, Ripar- . . .
. . . Streams with five years of certi- basin of the
Stream Visualian area quality, L. . .
Assessment  Canopv cover.  Posi fication had more continuous, Tagus River;
ver, i- . o :
12 py . FSC dense, and diverse riparian veg- [23]. = Mediterra-
Protocol =~ Water appear- tive .
. etation when compared to nean ever-
(SVAP) ance, Nutrient . i
. streams located in non-certified green oak
enrichment, .
areas. The condition of streams woodlands.
Manure or hu- . 1 g
located in areas with five years
man waste cpe -
of forest certification was simi- Europe
presence, Pools, o .
. lar to the condition of least dis- (13)
Barriers to
. . turbed streams 3-5 years.
aquatic species
movement, Fish
habitat com-
plexity, Aquatic
invertebrate
habitat
This study pinpoints specific in-
Green tree re- e pnp p .
. the-field improvements consid-
tention, Buffer ”
. ered a result of forest certifica-
Assessment zones in ripar- ) . .
. . . tion, such as increased retention
of logging  ian habitat, .
d . S forest of trees and wider buffer zones N
amage in es- Swamp forest, . . o orway,
13 ; . Mixed PEFC in riparian forests. However, 24
tablished Preservation of P [24] South

plots over a
year

precutting
coarse dead
wood, Terrain
damage

the study also documents that

many regeneration units cut af-
ter forest certification still do
not comply with all the forest

certification criteria. Therefore,
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resulting from
off-road
transport

it is difficult to separate the
pure effect of forest certification
from the effect of generally in-
creased awareness of sustaina-
ble forestry during the period of
this study.

1998, 118 areas cut before the
implementation, in 19961997,
were compared with 118 areas
cut a few years after implemen-
tation, in 2001 2003

BiHCFVs e.g.

Literature re-
ecosystem ser-

view, review | .
vices, soil ero-

Conservation gain in HCVF, es-
pecially related to ecosystem
services. Prevention of soil ero-

Bosnia-Her-

of public . . . .
sion, conserva- Posi- sion and conservation of threat- .
14 summery re- . ) FSC . [25] zegovina and
tion of threat- tive ened, endangered, and endemic .
ports and ) Romania
o ened, endan- species.
CAR'’s issued gered and en
HCFV
on demic species. 2005-2008
Use of survey
databases of
the Estonian
State Forest
Management
Centre to pre-
lect old-
selecto Abundance of . .
growth ) Many functional characteristics
live trees,
stands based . of old-growth forests were pre-
. .. standing dead- . s
on their site sent in the FSC-certified, mostly
. wood, and re-
type, size (=2 . naturally regenerated, commer-
ha), and the generation, Posi- cial stands. The main problem is
15 7 Abundance of FSC ) P [26] Estonia
estimated age . tive the lack of very large trees, par-
. flying dead- . . .
of dominant ticularly late-successional decid-
wood, tree-spe- .
canopy trees . . . uous species.
cies diversity
(>120 years). .
and composi- . .
Four groups . No info on time frame
. tion.
of forest site
types ar-
ranged along
soil richness
and moisture
gradients
considered
. Area propor- FSC certification does contrib-
Morphologi- . . L . .
. tion of set-aside ute to biodiversity conservation,
cal spatial . L. Sweden;
forests, struc- TPosi- but the level and efficiency of
16 pattern analy- . . FSC . o [27]  North-West
. . tural habitat  tive this contribution depend on .
sis, habitat L. . Russia
connectivity, standard content and how it is

suitability tential
potentia

implemented on the ground. At
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index model- functional habi-

the same time, the role of na-

ling tat connectivity tional legislation or policy for
biodiversity conservation re-
mains critically important. Con-
sequently, to understand the ef-
fects of conservation efforts in
managed forests, both informal
and voluntary set-asides need
to be considered.
No info on time frame
. The biodiversity value of certi-
Comparison . o
. fied areas was not significantly
of species .
: greater than that of non-certi-
richness and L .
irreplaceabil- Species rich-  Neu- fied areas. Portugal,
17 . p ness, irreplacea- tral/no  FSC  gathered biodiversity data for [28] Coark oak sa-
ity value of o
. bility value  effect 86,582 ha of cork oak savannas vannas
certified and i
non-certified that were FSC certified between
2007 and June 2011
cells
Analysis of Increased amount of biotope
corrective ac- trees, deadwood, habitat for en-
tion requests Posi- dangered species, and the qual- .
18 que , Fsc Cangerecsp ated [29] Estonia
(CARs) raised tive ity by using trees with a large
by certifying diameter, increased use of hard-
bodies woods, ban of exotic species
Topographic .
pograp In conservation zones, oak re-
density sur- .
generation was more abundant,
face models, .. .
. and species richness and diver-
Distance sam- . s .
. sity of shrubs were significantly Mediterra-
pling method . .
. . Cover, richness higher. Our results suggest that nean cork
for estimating . . . . . . .
. Zand diversity of Posi- creating set-aside areas in cork (Dias et oak, Southern
19 population . . FSC
. Mediterranean tive oak woodlands, such as conser- al. 2016)  Portugal,
density based ) k
. shrublands. vation zones, may help avert Alentejo re-
Of SUTVEying this ecosystem's tree regenera- ion
a number of 4 . . 8 &
tion crisis.
randomly lo-
cated tran-
No information
sects.
FSC certification alone could
not maintain forests' structural
Area propor- and functional connectivity for
Morphologi- . Propo; . . Y
cal spatial tion of set-aside species at multiple spatial scales
patter:analy forests, struc- in Lithuania. By keeping a mini-
. .77 tural habitat . mum standard of 5 % forestland . .
20 sis, habitat .. Mixed FSC . o [30] Lithuania
o connectivity, set aside for biodiversity, the
suitability in- . . g
potential func- state forest enterprises certified
dex model- . . .
lin tional habitat according to the FSC can only
& connectivity satisfy forest species with small

habitat requirements.
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Data taken from 2004

Structural di-
versity of land-

Certification improved the
structural diversity of land-

scapes. i.e., scapes
Analysis of  dead wood, osi-
21 ‘f:;fs;;y dlgt_a tﬁ;i;rae;lse,ati tive Fsc used NFI data for the time pe- 311 Sweden
free species as- riod 2009-2013 from a total
number of 7993 (639 VSA, 553
pen, rowan and R, 6801 PF) plots.
sallow
Limited positive effect; accord-
ing to the Russian FSC standard
(and legislation), it seems ac-
ceptable to exploit primeval for-
ests by creating large-scale
clear-cuts.
Quite a few FSC-induced
measures seem to induce minor
improvements. For example,
substantial clear-cuts of 50 hec-
. tares or more, after a few years
Systematic re- .
search, spa- covering @uch larger areas of
tial analysis, consecutively C}eared ff)rest.
field meas- Ecological effec- Hovx.iever, there is no ev1d§nce Russia, Ar-
22 urements, tiveness/ecolog- 88 Fsc for either decreased.or avolded [32] khangelsk
principle ical integrity ve Iarge—scale.degra.d.atlon of forest Region
cover in certified areas.
component
erlgfllz Data on annual tree cover loss
between 2001 and 2014 [50] was
used to look at logging patterns
and to calculate tree cover loss
before and during FSC certifica-
tion, as well as in the forest
landscape outside of FSC-certi-
fied concessions. Maps on the
spatial distribution of FSC-certi-
fied forest management units
(FMU) as of May 2016 [51] were
processed
ECOsystem- There were very few substantial
based assess- differences between FSC-certi-
ment of Sus- Living tree bio- fied forestry operations to con-
tainability =~ mass, dead- ventional ones. This can be ex-
standards  wood, rejuve- No ef- plained by the equally high Russia, Ar-
23 and their ef- nation, vegeta- fectof FSC  amounts of harvested timber [33]. khangelsk
fects tion, and micro- FC (ca. 97% extracted) as well as Region

(ECOSEFFEC climate regula-
T) frame-
work, semi-

tion

quantitative

the practice of large-scale clear-
cutting (up to>50 ha), generat-
ing significant structural and

functional ecological changes in
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evaluation,
theoretical
plausibility
analysis, spa-
tial analysis

the forest ecosystem. However,
the findings suggest no real
change in forest operations to-
wards ecologically responsible
harvesting. Instead, FSC-certi-
fied forestry contributes to the
ongoing loss of primary forests
in the remaining Intact Forest
Landscapes.

Richness, avail-

ability (density)

Analysis of and dominance
official for-  of potentially

estry inven- suitable cavity
tory data, Im- trees for sec-

pact evalua- ondary cavity-
tion methods nesting birds.

three control

Posi-
tive

sites

FSC

Logged forests under FSC-certi-
fication may guarantee a diver-
sity, availability (density), and
dominance of potentially suita-
ble cavity trees for secondary
cavity-nesting birds, as well as
specific characteristics (such as
DBH > 40 c¢m), similar to un-
logged forests for this group of
birds.

Field sampling was conducted

from 2014 to 2016 at seven sites

located in Salta and Jujuy prov-
inces:

[34]

Argentina,
North west

South

Presence of jag- .
. ] & Posi-
uars (densities) .
. tive
and its prey,

Camera trap
surveys

FSC,

In all twelve sites in four Latin
American countries, we found
jaguars and reasonable assem-
blages of their prey which are
success stories of maintaining
jaguars in managed forests
where certification has been ini-
tiated. Certified forests can pro-
vide jaguars an opportunity to
survive outside protected areas.
Surveys were implemented suc-
cessively in the four sites in
2007-2010 during the Septem-
ber-December dry season

135

]

America

)

French Gui-
ana, Guate-
mala, Bolivia,
Nicaragua
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Table S3. Empirical studies on carbon stock and emissions included and analyzed in the review.

Carbon stock and emission

Num- Method Proxy - Indica- Impact Scheme Findings Reference Country Wor.ld e
ber tor gion
RIL-C mon- . .
itoring pro Emissions from concessions cer-
o fl 1:0 tified by the FSC (FSC, N=6) and
antif those not certified (N=17) did
Clio iny Reduced impact No dif not differ. There was no indica- Congo, Ga-
1 gg. & logging, carbon FSC  tion that FSC certification was [36] bon Africa (1)
emissions 2. ference . . .
emissions associated with reduced emis-
and poten- .
. . sions.
tial emis-
s1on. reduc- No information on time frame
tions
Fiel k RIL effectivel t
ieldwor . Positive et ef: .1ve y sequesters a Malaysia,
(report Reduced impact more significant amount of car-
based on logging, carbon (ac- bon in the above-ground vege Borneo, De-
2 . ESINE/ ... counted FSC i & & [19] ramakot
empirical storage, biodi- . tation.
. for in forest re-
data/results versity biod) serve
of project) 2003
Heat cam-
era-trap-
ping,
amount of
bove-
io?::d The carbon estimation revealed Malavsia
,g " Reduced impact that the application of SFM re- ysia,
fine-roots, . . . Borneo, De-
. logging, carbon sulted in a net gain of 54 Mg C
and soil or- ramakot
anic car- sequestra- ha-1 on a landscape scale. and
3 8 tion/density, bi- Positive FSC [17]
bon by a . ) . Tangkulap
. odiversity (di- 2001-2007; 1985— .
combina- . L i ) forestre-  Asia (5)
. versity of verte- 2002 (historical disturbance in-
tion of . serve’
brates) tensity compared)
ground
surveys
and aerial-
imagery in-
terpreta-
tions
. Concessions certified by the
Spatial . .
. . Forest Stewardship Council
analysis, Mixed:
. ) (FSC, N = 3), when compared
field sam- . No dif- . . .
ling. emis Reduced impact ference with noncertified concessions Indonesia
g P& logging, carbon . FSC (N =6), did not have lower [37] _ ’
sion calcu- e only in . Kalimantan
. emissions overall CO2 emissions from log-
lations, sta- one case . .. . 14
. ging activity (felling, skidding,
tistical effect ;
. and hauling). On the other
analysis

hand, FSC certified concessions

? * Deramakot is a sustainably managed forest with reduced impact logging, while Tangkulap is a forest damaged by

conventional logging at the time of investigation (2001-2007).
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did have lower emissions from
one type of logging impact
(skidding).
No information
The study found higher carbon
stock (p<0.05) and species rich-
. . ness and a lower ecological
Statistical Positive . .
analvsis Forest carbon (ac threat index (p<0.10) in the cer-
YIS storage, species FSC tified forests compared tonon-  [21] Nepal
stakeholder ) counted .
richness L. certified forests.
workshop in biod)
collected data from each plot
during February—-May 2013
Forest intact-
. ness based on A significant increase in mean
Biodiver- . .
sitv obser- the tree-generic carbon density value and a mar-
Va}t,ion for compositional ginally significant increase in
similarity with . mean forest intactness value in Malaysia,
6 land and . Positive FSC [18]
ecosvstem that of a pris- Deramakot between August Sabah
y tine forest (in- 2009 and June 2014
health . g
(BOLEH) dex of biodiver-
sity). Carbon 2009, 2014
stock.
Our analyses indicate that FSC
certification was not associated
with any difference in carbon
emissions from selective log-
ging but that employment of
RIL practices resulted in fewer
damaged trees and lower car-
. bon emissions even in ejidos
. .. -+ Reduced impact 11 L -, .
Statistical loeeing. carbon with high logging intensities. Mexico,
7 analysis, re- gg, g,' Positive FSC [38] Yucatan
. emissions of .
gression felled trees Peninsula
Forest disturbance from logging
operations in the 2013 ACAs of North
Caobas and 20 de Noviembre America
were sampled between January (2)
and April 2014; for the other
eight ejidos, we sampled the
2014 ACAs during March-No-
vember 2015.
Allometric Selective logging generated 1.2
equation to . Mg m-3 and 1.5 Mg m-3 of total
R
obtain bio- le:uciid lir;f;ld carbon emissions in the Caobas Mexico,
mass in ) .g, L and 20 de November ejidos, re- southern
8 . tree biomass, Positive FSC . 1o o [39]
tropical dry . spectively, with 5% and 12% Yucatan
carbon emis- . .
forests. . corresponding to collateral Peninsula
sions . .
Data col- damage during felling. Overall
lected lower committed emissions and
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during collateral damage from felling
field sam- and skidding were present in
pling used Caobas, the FSC certified ejido.
to estimate
the im- January and April
pacted 2014.
above-
ground bio-
mass and
calculate
carbon
emissions
from selec-
tively
logged ar-
eas.
Certified timber harvest in
. Amazonia under RIL is a viable
Reduced impact .
. forest management option to re-
logging, carbon
o duce damage and coarse woody
emission/export . .
. debris production compared to
. in whole logs . .
Field work, and carbon ac conventional logging (CL) prac- Brazil South
9 emission . Mixed FSC tices; however, the benefits of [40] " America
. cumulation as . . Amazonia
calculations disturbance reduction from RIL (2)
coarse woody relative to CL are only realized
debris (CWD) Y
at greater volumes of timber ex-
produced from .
traction.
forest damage
2003, 2004
Reduced impact
Fleld, Work, loggmg' carbon Total carbon emissions per hec-
emission emissions from . . .
calcula- felling. skid- tare were greater in non-certi- Amazonia,
. . & Positive FSC  fied FMUs compared to certi- [41] Peru, Ma-
tions, sta- ding, and haul- . .
. .o fied ones. dre de Dios
tistical  ing in five FSC-
. e 2014
analysis certified conces-
sions
Table S4. Empirical studies on forest structure included in this review.
Forest Structure
Num- .1 Sch .. World re-
ueI: Method Proxy indicator Impact chem Findings Reference Country (;onre
Field For each tree felled, an average
based of 9.1 and 20.9 other trees were
study, . damaged in the FSC and CL
compari- Tree species lots, respectively; when ex-
1 P density and Positive FSC PIOTS, Tespectiverys . [42] Gabon  Africa (2)
sons of a L pressed as the impacts per tim-
. composition.
single ber volume extracted, the val-
FSC-certi- ues did not differ between the

fied

two treatments. Skid trails
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concession covered 2.9 % more of the CL
with an surface, but skid trail length per
adjacent unit timber volume extracted
non-certi- was not more significant. Log-
fied con- ging roads were wider in the CL
cession than in the FSC site and dis-
turbed 4.7 % more of the sur-
face. Overall, logging caused
declines in AGB of 7.1 and
13.4 % at the FSC and CL sites.
Logging damage was assessed
in January—February 2011.
Systematic
sample
plot forest
inventories
were used
to collect
data on
forest
structure
and hu-
man forest
use indica- The FSC-certified forests have
tors; par- Forest structure better forest structure, appropri-
ticipatory and human for- ate regeneration, and lower fire Tanzania,
2 rural ap- estuseindica- Positive FSC incidences than open access for-  [43]  Kilwa Dis-
praisals tors ests and state forest reserves. trict
(PRA) and
household No data
surveys
were used
to collect
data and
infor-
mation on
forest gov-
ernance
and insti-
tutions in-
dicators.
Forests logged selectively under
. certified regimes still have a
Field sur- . . . .
. Structure and high plant diversity, possibly .
veys, i composition of e indicating that biodiversity val- Indone51f31, .
3 cumfer- Positive FSC [44] East Kali- Asia (2)
ence plant commu- ues may b.e 'con.served by fol- mantan
nities lowing certification procedures.
method

No information
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Results suggest that the forest
structure in secondary stands
follows a natural regeneration
dynamic over the rotation pe-
. riod but had not yet attained the
Field vege- o
. same structure and composition
tation sur- . L. .
vev statis Stem density, Positive as baseline forests at 25 years.
tichl anal basal area, eco- Double Furthermore, growth models Indonesia,
. y logical integrity counted FSC suggest that the harvest rotation  [20] West Pa-
sis (non- e
linear re (total stand vol- with bio- may need to be extended to 30— pua
ression) ume). diversity 40 years for secondary stands to
5 7 attain similar ranges of forest
modeling o
structure, compositions, and
volumes to the baseline forest.
Field surveys were conducted
from June to August 2015
Soil damage,
amount of
dead wood,
dead snags, no
of life biodiver-
sity trees, dam-
age to remain-
ing trees, pres-
ence of buffer
zones alon
Interviews, open lan dg Certification has not reduced
field visits, p the share of clear-cut free for-
scapes and wa- .
State For- estry or increased the prefer-
tercourses, X
est Man- . ence for mixed stands, as hoped
agement O of gar- by many stakeholders. Biologi-
& bage or pollu- No effect FSC Y Y ) & [45] Estonia
Centre . . cal elements were presserved on
tion on the site, . .
(RMK) compliance of clear-felling sites.
staff ques- p Field visits November 2004, in- Europe (4)
] . felling area .
tionnaire . terviews February 2004
visits borders with
the felling site
borders on the
map, and
changes in wa-
ter regime of
water courses
as a result of
felling activi-
ties. Percep-
tions
. Presence of Our analysis indicates minor
Analysis of . . .
dead wood, improvements in forest condi-
datasets, . FSC . . . Sweden
. broad-leaved Negative tions, corresponding with the [46]
mail sur- PEFC . .
vey trees and old interim target for enhanced bio-

forests.

logical diversity (dead wood,
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broad-leaved trees, and old for-
ests). The improvements were
less evident on large-scale forest
properties (certified under the
FSC) than small-scale private
forest properties (mainly certi-
fied under the PEFC). However,
results from the follow-up sur-
vey showed that more harvest-
ing activity had taken place on
certified small-scale forest prop-
erties than on noncertified ones.
This could mean more negative
effects on biodiversity.

Data for the periods 1998-2002
and 2003-2007 were analyzed
and presented as estimated
mean values for 2000 and 2005,

Effect of certifi-
cation on the
preservation of
environmen-
tally important
areas during
felling, number
of trees and
high stumps re-

We found that 64% of the in-
spected plots do not comply
with environmental considera-
tions, implying that most sensi-
tive habitats are not saved dur-
ing felling. Compared to the

Datasets, maining in the performance of similar noncerti-
Phone Sur- lots 5 g7 cars No effect FSC fied forest owners, the certifica-
7 vey, De- P Y of FC ' tion has not led to any addi- [47] Sweden
a after felling, PEFC . . ;
scriptive e tional improvements in these
. . certifications )
statistics . outcomes. Hence, it has not con-
area set aside . :
tributed to reducing forest deg-
for area re- ..
; radation in Sweden.
quirement to
set aside at .
o Based on the regeneration mon-
least 5% of the . .
total forestland itoring dataset for the period
1992-2010.
for conserva-
tion purposes.
(1992-2010)
uantita- Use of availa-
Q, The study confirms doubts that
tive, we ble data on tree . .
.. the Forest Stewardship Council
distin-  cover loss and . . ) .
i . is an appropriate mechanism Russia,
guished satellite images . .
No effect for safeguarding ecologically re- Arkhan-
8 between  to assess sec- FSC ] . . [48]
. . f FC sponsible forest use in Russian gelsk Re-
areas with ondary impacts .
forests. Furthermore, the Rus- gion

no history of clearcuttings
of certifica- on adjacent

tion (non- remnant forests

sian National FSC Standard fails
to induce ecologically friendly
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FSC in the and to quantify

following) the logging in-

and forests tensity. Addi-
thathad tionally, the

been man- size and struc-

aged be- ture as well as
fore they the density of
became skidding trails
certified of ten specific
(before-  clearcuttings
FSCin the located within

following) the sample area
and subse- were surveyed
quently using satellite
under FSC images and in
(during- the field obser-
FSC in the vation to delin-
following).eate the bound-
aries of clear
cuts and for-
ested remnants
within the clear

cutting and harvesting methods
in the studied area.
Within a sample area delineat-
ing approximately 3000 km2 in
the east of the Arkhangelsk Re-
gion, data generated by Hansen
et al. (2013) on changes in global
forest cover between 2001 and
2014 was used to calculate an-
nual tree cover loss and the size
of clear-cuts in relation. FSC
concessions as of 2016.

cuts.
Forest in-
ventor
lot Y Overall, our data suggest that
ots on o
P FSC-certified harvested stands
the three .
i in northern hardwood forests
uncertified .y .
have similar sugar maple timber
harvested .
value, aboveground live tree
and three .
e . carbon storage value, similar
certified Total tree bio- Neu- )
live tree structure, and greater USA, Ver- North
9  harvested massand tree tral/No FSC . . [49] .
. residual coarse woody debris mont America (1)
properties, carbon storage. effect o
. than uncertified harvested
calculation
stands.
of Coarse
Woody .
Debris Forest inventory plots were es-
tablished during June-July, 2004
Volumes, 8] July
statistical
analysis
Our indicators showed that the
Use of .
patterns of forest disturbance
Landsat- .
10 Non-perma- through time are much more fa-
remote .. ..
. nent opening in vorable for forest cover inside a
sensing . . .
the canopy as logging company with an FSC Brazil,
data to de- L . i . South
the main indi- Positive FSC  certified forest management [50]  Paragomi- .
tect log- . America (1)
. > cator of forest plan than outside, where many nas
ging activ- . .
X degradation actors mine the forest resources
ity/ detect . .
lozeing ac due to logging. without any concerns for future
,gg & stocks. This showed the effi-
tivity and

ciency of the RIL techniques
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to analyze
the
spatial ar-
range-
ments of
the impact

and the FSC certification re-
quirements to reduce the im-
pacts of logging in terms of can-

opy openings.

Landsat images of the period
1994-2009
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3. Economic viability

Table S5. Empirical studies on the economic viability included in this review.

Economic viability

Nu
Proxy- In- Schem Refer- Forest Price pre- Word re-
mb  Method . ¥ Impact Findings . P Country .
or dicator e ence type miums gion
Most of the respond-
ents indicate that the
benefits from certifica-
tion will offset the
costs. However, some
uestionnaire Cost-bene- ! Planta- South
Q . mixed FSC farmers feel that the  [51] . -—- .
survey fits . tions Africa
costs are too high and
that the benefits de-
rived from certifica-
tion do not justify the
means.
Group of CF currently
is not economically vi-
. o Tanza-
. able, with forest man- 20% Pulp- .
. . DPrice pre- nia,
Economic/fi- . agement costs 2.6 wood
. miums, nega- . Natu- south
nancial valua- o . FSC times forest revenues  [52] round-
. profitabil-  tive . ral eastern
tion . over the five-year wood .
ity . (incl.
study period. stumpage Kilwa)
2013-
14 to 2017-18.
Value chain an-
. Actors from certified
alytical frame- ., .
. forest communities Africa
work, mixed . .
earned higher income
methods for
data collection: (net revenues) than
articipator ' non-FSC forests and
P PatLY " price pre- experienced signifi-
rural appraisal mium, cantly greater income Tanza-
(PRA) for key ’ iy Y greater me longa et Natu- nia,
3 . Revenues, positive FSC  equity. This finding .
informants, household suggests that forest Kilwa
u U,
and household . gg L. . district
income certification is an im-
survey for all
. portant forest manage-
actors, semi- .
. ment approach in en-
structured in- . e
. hancing equity in in-
terviews, struc- L .
. come distribution
tured question-
. among the actors.
aires
Results show that the
annual average house-
Economic valu hold forest income Tanza-
valu-
. household .. from FSC-certified for- nia,
4 ation, govern- positive FSC o .
. income ests is significantly Kilwa
ance indicators L
district

higher than house-
holds in non-FSC-cer-
tified forests. Forest
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incomes contributed
about 12% and 6% for
FSC-certified and non-
FSC-certified forests to
total household in-
come, respectively.
FSC offers an oppor-
tunity for “price pre-
mium.” The certified
VLEFRs are exposed
and connected to in-
ternational markets,
whereby certified for-
est products fetch high
prices, but the local
markets are unaware.
Incomes earned from
the forests were spent
on procuring farming
implements and ferti-
lizer, pesticides, and
investing in other in-
come-generating activ-
ities such as small
shops vegetable gar-
dens. The 95 % reve-
nue of the FSC villages
was spent for forest
protection (40 %) and
community develop-
ment projects (55 %)
such as water, health,
and education.

The production cost
and return of FSC rub-
ber plantations were
similar for all sizes of
rubber plantations,

ith the larger planta-
Cost-benefit . Wi arger pa Thai-
.. Price pre- tions having the high- Planta-
analysis, inter- . . land,
. miums, " est rates of return. eco- tions No pre-
5 views, collec- positive FSC . [54] . Rayong
. cost-bene- nomic viability in- (rub-  mium
tion of second- . e and
fit creased with time be- ber)
ary data ) o Songkhla
ing certified, decreas-
ing cost and increas-
ing revenue.Currently,
much of the cost of
certification is met by
external aid donors.
Interviews, Price pre- nega- When the total costs of Planta-
. . . e [55] . -- Japan
analysisof =~ miums, tive certification are tions

Asia
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public assess- profitabil- included, the benefits (Japa-
ment reports ity to growers of certifica- nese
tion are much reduced larch,
and potentially nega- hinoki
tive unless the fixed cy-
costs can be spread press,
over a large group of Japa-
growers. nese
red
pine)
The final price differ-
ential is very pro-
nounced, compara-
Intervi ] tively high premiums
nterviews, col-
lection and and net revenue
analvsis of ar- earned by FSC small-
chi ;]I data. in holders.Without con-
clu\::lin fo;est Price pre- tinued donor support, Planta- Vietnam
& miums, .. it is not clear that the tions o ’
7 management positive FSC ) . [56] 24% Quang
records from  TEVenues farmers in Quang Tri (Aca- Tri
and sales can afford the auditin cia
forest manage dsal fford the auditing '
ment sites ai d fees required to main-
tain the group certifi-
reports by the . . .
aid contractors cation. Price premium
up to 24% for Acacia
in 2010, probably not
sustainable for the
long term. O5
Vietnam forest planta-
tion investment re-
turns for smallholders
are profitable.
This was helped by
proximity to regional
countries with high
demand for wood
products, creating
Household sur- _ . some of the world's
. Price pre- Planta- .
vey, standing . best roundwood . Vietnam,
. miums, .. . . tions
8 stock estima- .. 1.+ Ppositive FSC pulp/chip prices. [57] - Quang
. . . | profitabil- (Aca- .
tion, financial . - Pulpwood round- . Tri
ity cia)

analysis

wood stumpage sold
for around US$ 12 /m3
in 2015 for much of
the world such as the
US South, but prices in
Vietnam were closer
to US$ 40 /m3. This is
largely because they
sell directly to coun-
tries with high
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demand, such as
China and Japan (20%
price premiums

Examination of
reports/evalua-

tion and feasi-

bility studies, Price pre-
miums, di-

interviews

with govern- rect and in-
ment depart- direct cost
ment and WWf

staff, SWOT
analysis

positive FSC

For annual audits, the
fee is approximately
$7,000 — amount be-
yond the capacity of
local people, as their

annual income is only

around $1,000 per cap-
ita.

- Indirect costs for cer-

tification such as buy-

ing forestry machines
(saw), first aid kits,
and working clothes
are also costly.
- Premium was rec-
orded and confirmed
by 19 households who

sold the wood in 2010
though revenue dif-
fered among house-

holds according to
plantation area and ro-
tation leng Price pre-
miums 19-22% price
difference between
certified and non-cer-
tified wood FSC certi-
fication Increased sell-
ing price for farmers
and extended trade
networks.

Planta-
tions
(Aca-

cia)

(58]

19-22%

Vietnam
Quang
Tri prov-
ince

10

Price pre-

. miums,
Interviews,

Cost-benefit

revenues
and sales,
household

analysis

income

positive FSC

Total costs decreased
with increasing ha cer-
tified. Certification as-
sociated costs are cur-

rently covered, and
the household mem-
bers do not need to
pay for any cost, with
the exception of the
contribution fee which
is collected after sell-
ing FSC certified tim-
ber (price premium
18%)
2010-2016

Planta-
tions
[59] (Mostl
y aca-
cia)

18%

Vietnam
Quang
Tri prov-
ince

11

Review of sec- Price pre-

ondary data, mium,

positive FSC

Acacia hybrid timber
plantations account

Planta-
tions

12%

Vietnam,
Phu Locg,




Forests 2022, 13, 798

25 of 51

interviews, fo- household for 33-56% of total Nam
cus group dis-  income household income. Dong
cussions, direct Play a crucial role in
observations, the current livelihood
surveys, statis- system. Timber in-
tical analysis come skewed toward
the wealth status of
timber producers and
ranged between 327
USD/household and
9460 USD/household
in Phu Loc district.
Despite the substantial
contribution the in-
come from Acacia hy-
brid plantations could
make to local poverty
reduction, it was the
main contributor to
the overall income ine-
quality
Analysis of pri-
mary data
were taken
from farmers, a
SFC, and sev-
eral other for-
Net returns from both
est stakehold- i
. . certified and non-cer-
ers including e 4

cople from tified timber products
peop Profitabil- are positive for both Planta- Vietnam
government . . .

ity (finan- e actors and are higher tions Quang
12 departments . positive FSC e 1 [61] -- .
cial re- from certified timber (Aca- Tri prov-
and non-gov- . . .
turns) production than non- cia) ince
ernmental or- o .
.. certified timber pro-
ganizations. . \ .
duction a plantations
Records of are profitable
costs and bene- P
fits for farmers;
formal and in-
formal inter-
views with key
informants
. . . Vietnam
Interviews, col- the financial returns
. i Quang
lection of sec- from certified forest Tri pro
ondary data Price pre- products are much Planta- VinI:()ie
i.e. reports, mium, .. higher than for non- tions !
(Le. reports positive FSC [62] 25%  Trung
books, provin- cost-bene- certified forest prod- (Aca-

. . . Son com-
cial depart- fit ucts for the farmer, cia) mune
ment of for- both at 7% and 12% o

. GioLinh
estry) Cost- interest rates

district
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benefit-analysis

(CBA)
2-56% de-
pending
on the
wood: -
The high-
quality
hard-
woods
The higher sale prices (e.g. Se-
of certified logs found langan
in this study cover the Batu, Ke-
additional direct costs ruing)
of forest management destined
Price analysis. certification, which for the ex-
Time series of range from 0.5 to 2.5 port mar-
. . USD/m3/year. ket fetch a
PI‘ICeS of certi- - This result however price pre-
fied and uncer- Price pre- does not suggest that Not mium of Malay-
14  tified logs . negatve FSC . [63] speci- o sia, Sa-
(2000 to 2004) miums the a.chleve'd market fied 27A; to bah
provided by premium will also o'ff- 56%.
three forest set the costs of sustain- - Lower
management able forest manage- quality
ment, e.g., for en- timbers
hanced planning pro- (e.g. Ka-
cedures and improved pur, Ser-
field operations aya) also
fetch a
2000 to 2004 price pre-
mium,
however
the differ-
ence is
less pro-
nounced
(2% to
30%)
Certification is per-
ceived as a vehicle for
local value addition.
However, progress in Yes, but
Questionnaires price pre- income and employ- premium
with forest au- miums, . was un-
thorities, field household . ment generation and NOt, spelled.
observations, e positive FSC .rural poxlzer.ty r.e.duc- [64] spea- Prices in- Nepal
. . tion was insignificant. fied
literature re- come/live- . . creased
. . The durability of certi-
view lihood L. by 50-
fication programmed 150%

skeptic because it was
on a small scale, facili-
tated by external
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supports and lack of

national certifier. FSC
supports national and
international market

access to Europe and
the US; Price premi-

ums (the price of
products increased by
50-150 %).
2003 to 2008

Quantitative
survey with in-
depth formal
interviews;
qualitative sur- Household

. positive FSC
income

vey with open-
ended ques-
tions to gov-
ernment and

local NGO staff

This study reveals that
FSC group certifica-
tion in Southeast Sula-
wesi could improve
local incomes and so-
cial attitudes and
could strengthen
farmer groups to man-
age existing commu-
nity forests more effec-
tively.

July to December 2008

[65]

Not
speci-
fied

Indone-
sia,
South
Sulawesi

Profitabil-

ity, finan- nega-

cial viabil- tive
ity

Discounted
17 cash flow anal- FSC

ysis

Non-chemical control

methods were expen-

sive relative to other
regimes.

- Reductions in the in-
ternal rate of return
varied across low- and
high-productivity sites
between 0.8% and
0.5% for manual con-
trol, 1.3% and 0.8% for
mechanical control,
and 1.7% and 1.0% for
weed mats. Meeting
the goals of certifica-
tion while retaining
cost-effective vegeta-
tion control presents a
challenge to the plan-
tation forestry sector.
survey 2005 to 2007

Planta-
tion

New
Zealand

Oceania

Financial as-
sessment, com-
paring present
values of finan-
cial returns, net
of costs, of the

forest activity

‘with and

Profitabiliy
(net finan- positive FSC
cial profit)

A minimum of group
with 3000 ha may be
required to make certi-
fication cost effective.
1997 to 2002

Planta-
tions

Salomon
Island
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without’ certifi-
cation.

Literature re-

view, Expert
P cost-bene-

fits

. nega-
19 Interviews, .g
. tive
cost-benefit

analysis

Revenues appeared to
be increasing and

costs decreasin over
FSC, &

PEEC the period, and in the

[68]
final two years costs
were about 1.5 times

revenues

Not
speci- --
fied

Switzer-
land

Semi-struc-
tured inter-
views, Delphi

20 method, con- price pre-

. negatve
miums

tingent valua-
tion (Percep-
tions)

The majority believes
that certified wood is
sold at the same price
than non-certified
wood (of 33 valid re-
sponses, 88% consid-
ers that price does not
change while 12% be-
lieve that price in-
creases). Experts with
a high degree of con-
sensus (87.5% of a to-
tal of 32 valid re-
sponses) believe that

FSC,
PEFC [69]

normally certified and
uncertified products
are sold at the same
price. Forest owners
have to bear the certi-
fication costs them-
selves

Mixed:
pri-
mary

forests, E
uro-

pean Un-
ion

semi- No pre-

natural mium
forests

or
planta-

tions

Questionnaire
21 survey (percep-
tions)

nega-

profitabil-
i tive

ity

In the Czech Republic,
certification costs of
the FSC were higher
than financial reve-

nues. However, the ef-

fect of the certification
on sales, profits, and
added value of com-
panies seemed more

effective over a longer

FSC [70]

timeframe (from 4
years to >10 years).
2016 and 2018 survey

Not
speci-
fied

Czech
Republic

price pre-
miums, di- nega-

22 . .
rect and in- tive

Survey

direct costs

The survey did not
find additional sales of
timber or price pre-

mium because of pos-

FSC [72]

sessed certificate of
good forest manage-
ment.
[71]Costs per hectare

Poland,
national

Semi- No pre-

natural mium

Europe
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decrease together with
increase in the consid-
ered area.
2005 to 2007

Standardized

questionnaire

to obtain infor-

mation on cut- profitabil-
tings and silvi- ity
culture, Binary

logistic regres-

sion

23

In Sweden, 37% of for-
est owners considered
certification to affect
profitability posi-
tively, 28% thought it
had no noticeable ef-
fect, 27% had no opin-
ion, and 5% consid-
ered any effect to be
negative. small scale

mixed PEFC

forest owner survey
1999-2006

Not
[73]  speci- --
fied

Sweden,
national

Interviews  price pre-

with forest au- miums, .
- positive
thorities, ques- cost-bene-

tionnaires fit

FSC and PEFC certifi-
cation did not bring
significant economic

benefits to forest own-
ers. However, forest

owners gained a better

environmental image
of timber and wood
products in the inter-
national markets, en-

FSC,
PEFC

hancing the long-term
market access for tim-
ber and wood prod-
ucts. Cost-efficient
group certification ar-
rangements allowed
reducing the costs and
served as the primary
driver for forest own-
ers to participate in
certification

Yes, in
Sweden
(about
EUR
Not 1/m3) and Finland,
[74] speci- Norway Sweden,
fied (about
EUR
0.85m3),
No in

Norway

Finnland

price pre-

miums,
Mail question- economic
naire survey viability of
forest op-

positive

erations

FSC,
PEFC

In Slovakia, 74% of
forest owners received
a price premium for
certified wood in the
range of 1-5%; nine
percent received price
premiums of 6-10%;
and 12.7% did not re-
ceive a premium.
Questionnaire con-
ducted in 2017

Not
[75]  speci-
fied

Slovakia,

0-10% .
national

direct and

26 Survey indirect mixed

cost

Over the final two
FSC years, three of the 14
CFs achieved a

Not
[76] speci- -
fied

Italy
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minimal level of eco-

nomic viability in the
sense i.e. revenues

were greater than the
forest management
costs yet revenues

were still less than the

total costs

Focus group

More than half (58%)
of the respondents in
Romania indicated
that the revenues did

discussions, revenues not increase after certi- Not Roma-
27 ! mixed FSC . | [77]1  speci- --- nia, Na-
Survey (per- and sales fication. At the same . .
. . . fied tional
ceptions) time, 42% considered
that the FSC certifi-
cation positively influ-
enced the revenues.
In Mi t i
Focus group rice pre- nega FsC, relririfi?s e::’oI:lcl)dpS:e Not No pre .
28 discussions, p . P .g pEFC P . . [78]  speci- .P Minne-
Surve miums tive (SFI) gained in fleq UM sota
Y 2005.
This study reported a
cost-bene- nega- negative relationshi Not North
29 Mail survey . .g & P [79]  speci- -—- .
fits tive between costs and . America
. fied
benefits.
Our results suggest
that forest certification
has, on average, a neg-
ative impact on firm
financial performance
(FP).
- The market has not
r.ecogmzed the b.e.ne- North
fits of forest certifica- .
. America
Event study tion. As a result, the
methodology, FS+K3: expected benefits of
analysis of revenues K12C, certification relative to Not Canada
30 shortand the and sales mixed PEFC its associated costs [80] speci- - USA ’
long-run stock (SFI/  have not been real- fied
price perfor- CSA) ized.
mance. - Our evidence also
suggests that NGOs-

led certification (FSC)
has a neutral impact
on FP, whereas indus-
try-led certification
(SFI, CSA, 1SO14001)
has a negative impact
on FP. In other words,
the nature or identity
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of the certification pro-
gram can offset the
negative impact of cer-
tification on FP.
1998 to 2005

Interviews
with knowl-
edgeable lead-
ers of 100% of
certified CBF  Price pre-
initiatives in ~ miums,
Vermont and economic .
about a third as benefits/fi- mixed  FSC
many uncerti- nancial re-
fied CBF initia- turn
tives to provide
a comparative

In Virginia, premiums

were occasionally real-

ized, but no value was

reported. Group certif-

icates and external
funding significantly
reduced certification
costs.

(81]

Not Occasion-

speci- ally real-

fied

USA,
zed Virginia

perspective
(perceptions)
price pre-
Cost-benefit iums, s
2 en.e ! Tums positive FSC
analysis cost-bene-
fit

In North America,
only one out of three
studies reported that
price premiums were
gained, with certified

wood products receiv-
ing a price premium
of 10.5% and certified
stumpage premiums
between 1.6-4.3%.

Price premiums for

finished wood prod-
ucts were much higher
for domestic sales than
for export sales, with a
price premium of 30%
for domestic markets
compared to pre-
mium for exported
wood products of
3.4%. Direct and indi-
rect costs and benefits
calculated for The For-
estland Group, an
inde-pendent Timber-
land Investment Man-
agement Organiza-
tion, found forest cer-
tification to be a net-
positive program,
earning an estimated
$771,000 of additional

(82]

1.6-4.3% USA

Natu- for certi- (forest

ral

fied land
stumpage group)
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annual net revenue,

about $0.24 per acre

per year ($0.10 ha-1
yr-1)

price pre-

33 E-Mail ques-  miums,

cost-bene-
fit

tionnaires

nega-
tive

Fifty-eight percent of
companies(n=17) iden-
tified that there were
additional costs asso-
ciated with IPM due to
FSC forest certifica-
tion, but they shared
few details or esti-
mates of these costs. A
total of 44.8 % (n=13)
indicated satisfaction
with the cost/benefit
of the FSC with regard
to Integrated pest
management, while
34.5 % (n=10) said
they were unsure. On
the other hand, 13.8 %
(n = 4) reported that
they were unsatisfied.
increased market

FSC

share or premium
prices for wood and
wood products have
not yet been achieved.
2013

Brazil,
national
Planta-
[83] anta .

tions

(compa-
nies in
the coun-
try)

South
America

Survey ques-
tionaire, stati-
cal analysis, ex- price pre-
ploratory fac-  miums

tor analysis

(EFA)

nega-
tive

Companies do not see
any return in terms of
a better price for certi-
fied products (no price
premium was gained);
FSC, however, certificate
PEFC  holders indicated
(CER- overall high satisfac-
FLOR) tion with market ac-
cess. Higher perfor-
mance was found for
non-economic bene-
fits.
2006

Planta-
tions
(39)
natural

)

No pre-
mium

Brazil,

[84]
country

Semi-struc-
tured stake-
holder inter-

. . rice pre-
35 views, on-site b P

. . miums
visits to for-

estry opera-
tions

nega-
tive

The additional costs
incurred by certified
forest production are
therefore likely to be
slightly greater in Ec-
uador than Bolivia,

FSC

where forestry laws

Planta-

tions

forests o pre
[85] (Eg;l)ad i

Natu-

ral

Ecuador,
Bolivia,
national
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have been explicitly forest
designed to be com- (Bo-
patible with FSC certi- livia)
fication.
2005 (jan to april)
Field work, in- rice pre- nega Natu- No pre- Bolivia,
36 terviews, data p i P ,g FSC [86] ral for- .p .
. miums tive mium national
analysis est
Benefits generally out-
eigh the costs. Com-
weig . Planta-
panies appeared to .
. e . tions
Interview ques- price pre consider certification a (n=39)

. . q P . P PEFC worthwhile venture, .
tionnaire, sta- miums, .. . . Euca- No pre- Brazil,
. . positive (CER- generating a satisfac-  [87] . .

tistical analysis cost-bene- . lyptus; mium national
. . FLOR) tory impact on the or-
(perceptions fit e, o1 natural
ganizations’ profitabil-
. . . forests
ity. No price premi-
. (n=9).
ums but improved
market access
Economically, there
were increased costs
associated with certifi-
cation.
- Access gained or sus-
tained by plantation
forestry businesses to
international markets
seemed to counteract
any increase in their
costs.
- Some large native
& . Planta-
forestry businesses tion

Interviews,  price pre- FSC, did not benefit from . .

. . (mix of Chile,
analysis of au- miums, ... PEFC better market access. No pre-

38 .. positive ) ] [88] euca- . southern
diting reports cost-bene- (CERT Opverall, in operational lyptus) mium e
(CARs) fit FOR) terms, certification yfn d &

yielded the most sig-
natural

nificant impacts in
Plantation Forestry
Business, particularly
in large corporations.
no Chilean company
reported premium
prices for selling certi-
fied timber (mainly
pulpwood). Increased
costs due to certifica-
tion, was particularly
felt by large PFBs
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Structured in-
terviews, re-
view of docu-

Positive perceptions of

ments, includ- . receiving market ben- Not .
. price pre- . . L. Yes,but Brazil,
39 ing reports, ar- ) positive ESC efits, product distinc-  [89]  speci-
. miums, . . . unspelled. Acre
ticles, and tion, better prices, ac- fied
presentations cess to new markets
related to the
operations
Large variation of the
average costs of forest
certification per ha
(range from almost no
costs to $57.29 per
ha/per year for organi-
zation with the great-
est costs).
- Average total costs
. for certification were a
Personal inter- . .
. . function of ownership Argen-
views, email FSC, . ) .
. size, but did not vary tina, Bra-
surveys with PEFC . 7 .
. significantly among Planta- zil, the
forestry organi- (SFI, e . .
. cost-bene- . certification systems tions United
40 zations to col- . mixed CER- [90]
fits or country, although and States
lect cost and FLOR, the sample of report natural and Can
benefit infor- CERTF =< *aMP P
. . ing firms was small ada, and
mation/data in OR) for finding statistical Chile
2006 and 2007 e
differences.
- Average cost de-
creased dramatically
for ownership sizes
more than 4000 ha.
- Forest certification
costs appeared to be
higher for South
America compared to
North America.
Positive effects on
household income. Ef-
fects differ among
communities depend-
i their socio-eco-
Statistical anal- i o.n . OCK_) e. © Guate-
- nomic characteristics.
ysis, linear re- L Not mala,
. household . . Incomes among indi- . .
41 gression, sce- . positive FSC . . [91]  speci- -- Maya Bi-
. income viduals engaged in .
narios, house- . o, fied osphere
concession activity in
Reserve

hold survey

nonresidential conces-
sions were around
7600 quetzals (about
$1,000) per year
higher.
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Calculation of
net present
value/profita-
bility

cost-bene-
fits

positive  FSC

The financial benefits
of FSC tend to out-
weigh the costs, albeit
with high company-
by-company variance
and special considera-
tion required for high
conservation value
(HCV) set-asides and
intangible benefits. On
average, the compa-
nies earned an extra
US$1.80 for every cu-
bic meter of FSC- certi-
fied Roundwood or
equivalent, over and
above any new costs,
due to price premi-
ums, increased effi-
ciency, and other fi-
nancial incentives.

o The business
case was most vital for
tropical forest opera-
tions and small/me-
dium producers (re-
gardless of geogra-
phy) who experienced
significant financial
gains, while temperate
and large producers
experienced small
losses.

. It took the com-
panies, on average, six
years to break even on
their FSC investment.
J The average an-
nual benefit of FSC
was US$6.03 per m3 of
certified production -
US$1.80 higher than
the average cost.

o Positioning for
market premiums and
optimizing opera-
tional improvements
from FSC can add the
most value to the firm.

[92]

Planta-
tion
and

natural

Colom-
bia,
Peru,
Came-
roon,
Portugal
(2), Indo-
nesia,
Malaysia
(2), Rus-
sia (3)

4. Desktop studies



Forests 2022, 13, 798 36 of 51

Table S6. Desktop studies deforestation.

Deforestation
No Objective Method Scheme World region Reference
McDermott, Constance
L.; Irland, Lloyd C.;

Pacheco, Pablo (2015):
Forest certification and
legality initiatives in the
Brazilian Amazon: Les-
sons for effective and eg-
uitable forest govern-
ance. In: Forest Policy
and Economics 50, S.
134-142. DOL:
10.1016/j.for-
pol.2014.05.011.

This study draws on a case study of the
Brazilian Amazon to assess how two
widely promoted strategies to govern
tropical forests — non-state certification .
1 and State—based legality initiatives — inter Casestudyre-  FSC, PEFC- Brazil, Ama-
. . . search CERFLOR zon
act with tropical wood production sys-
tems and the implications this holds for
reducing deforestation and degradation
and for local benefit-sharing.

This study reviews what we know about
forest certification's effectiveness and
broader consequences. A narrow defini-
tion of effectiveness judges forest certifica-
tion as effective if it contributes directly to
resolving the problem it was created to World-
2 address. We can then conceive the effec- Literature review General FC
tiveness of forest certification as the de-
gree to which this instrument modifies on-
the-ground practices in ways that are
likely to reverse or alleviate environmen-
tal deterioration and socio-economic harm
resulting from the forest.

Auld, Graeme;
Gulbrandsen, Lars H.;
McDermott, Constance
L. (2008): Certification

Schemes and the Impacts
on Forests and Forestry.
In: Annu. Rev. Environ.

Resour. 33 (1), S. 187—

211. DOI: 10.1146/an-
nurev.envi-

ron.33.013007.103754.

wide/General

Freer-Smith, Peter; Car-
nus, Jean-Michel (2008):

In this article, we review the current .
e The Sustainable Manage-
global forest cover and condition infor- .
. . . . ment and Protection of
mation, examine the international pro- .
. Forests: Analysis of the
cesses related to forest protection and sus- .
. . . World- Current Position Glob-
3 tainable forest management, and look at Literature review General FC |
. 2 wide/General ally. In: AMBIO: A Jour-
the main forest certification schemes. It .
. . . nal of the Human Envi-
considers the link between the interna-
tional processes and certification schemes ronment 37 (4), 5. 254~
i ificati
anI:i their combined effectiveness 262. DOI: 10.1579/0044-
i i v .
© 7447(2008)37[254:TSMA
POJ2.0.CO;2.

Dauvergne, Peter; Lister,
Jane (2010): The Pro-

The study looks at the prospects and lim- .
. A, . spects and Limits of Eco-
its of this shift toward eco-consumerism as . .
. . . World-  Consumerism: Shopping
4 amechanism for global change and ana- Literature review General FC |
. . . wide/General Our Way to Less Defor-
lyzes its value for improving forest man- . .
agement globall estation? In: Organiza-
& & y tion & Environment 23

(2), S. 132-154. DOI:




Forests 2022, 13, 798

37 of 51

10.1177/108602661036837
0.

This study assesses the following issues.

First, is forest harvesting related to defor-
estation? Second, are timber products a
by-product of deforestation? Third, do

5 countries with more important forest sec-
tors experience more deforestation than
others? Fourth, does timber certification

Panel data analy-
sis/econometric
model

Damette, Olivier; Dela-

cote, Philippe (2011): Un-

sustainable timber har-
vesting, deforestation

World- and the role of certifica-
wide/General tion. In: Ecological Eco-
nomics 70 (6), S. 1211-

General FC

1219. DOI:
play a key role in favoring sustainable . ©
harvesting? 10.1016/j.ecolecon.2011.0
& 1.025.
Moog, Sandra; Spicer,

This study explores the political dynamics

of these new governance initiatives by =~ Neo-Gramscian

André; Bohm, Steffen
(2015): The Politics of
Multi-Stakeholder Initia-

presenting an in-depth case study of the analysis to the or- FSC World- tives: The Crisis of the
Forest Stewardship Council (FSC), often ganizational evolu- wide/General ~ Forest Stewardship
regarded as a model for the multi-stake-  tion of the FSC Council. In: ] Bus Ethics
holder initiative. 128 (3), S. 469-493. DOI:
10.1007/s10551-013-2033-
3.
Marx, Axel; Cuypers, Di-
eter (2011): Halting De-
This article examines the macro-effective- . forestation and Forest
o . Calculations e . .
ness of certification on halting deforesta- Certification — What is
. . . . based on FAO sta- World-
7  tion and examines the relationship be- . FSC . the Macro-Impact of the
. .. tistical database, wide/General .
tween certification and governance insti- Literature review Forest Stewardship
tutions. Council? In: SSRN Jour-
nal. DOI:
10.2139/ssrn.1763401.
Table S7. Macro economic studies and scenarios on deforestation.
Deforestation: Macro-economic/Scenarios
No. Objective Method Scheme World region Reference
This study aims to better understand Canova, Natalia (2011):
bow the global .ﬁnancial crisis (GFC) Grounded theory, Understanding the im-
impacted sustainable forest manage- ; pacts of the 2007-08
. case study, semi- FSC, PEFC- . . . ..
1 ment (SFM) (and as part of its forest . Brazil global financial crisis on
o . . structured inter- CERFLOR .
certification) in Brazil through the expe- . Brazil's forest sector- A
. . . views T
riences and perceptions of highly qualitative study. Master
knowledgeable stakeholders. thesis.
Thi - 2ims to map the intern Content analysis Sahide, Muhammad Alif
. S pape. aims to map the . erma of international K.; Nurrochmat, Dodik
tional regime complex for rainforest . . .
transformation by identifying those policy documents Ridho; Giessen, Lukas
. y . & and treaty texts, FSC, PEFC Indonesia  (2015): The regime com-
global and regional regimes relevant to

expert interviews

tropical rainforest transformation sys-
p y with key inform-

tems in Indonesia. . .
ants in Indonesia,

plex for tropical rainfor-
est transformation: Ana-
lyzing the relevance of
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field observations
in current Indone-
sian land use poli-
tics (conducted by

multiple global and re-
gional land use regimes

in Indonesia. In: Land
Use Policy 47, S. 408-425.

author) DO
10.1016/j.landusepol.2015
.04.030.
This article examines the macro-effec- Marx, Axel; Cuypers, DI_
. S . eter (2010): Forest certifi-
tiveness of certification on halting de- . .
. . . cation as a global envi-
forestation and examines the relation-
. I ronmental governance
ship between certification and govern- .
o . . tool: What is the macro-
ance institutions. The article assesses ~ Analysis of da- World- .
3 . e FSC . effectiveness of the For-
the degree to which certification con- tasets wide/General . .
. . . est Stewardship Council?
tributes to halting deforestation, a key .
. In: Regulation & Govern-
component of SFM, by analyzing the
differences in uptake of FSC certifica- ance 4 (4), 5. 408—-434.
tion betV\}:een countries DOL: 10.1111/;.1748-
) 5991.2010.01088.x.
Moral-Pajares, Encar-
nacion; Martinez-Alcala,
Concepcion; Gallego-
Gravity model; Valero, Leticia; Caviedes-
The analysis aims to identify the possi- panel data model Conde, Angela Andrea
ble determinants of EU imports of tim- (estimated with World- (2020): Transparency In-
4 ber and timber products from non-EU 228 observations FSC, PEFC | dex of the Supplying
o ) . wide/General ., o
countries in recent years, following the from 38 exporting Countries’ Institutions
implementation of the EUTR. countries between and Tree Cover Loss: De-
2012 and 2017) termining Factors of EU
Timber Imports? In: For-
ests 11 (9), S. 1009. DOI:
10.3390/£11091009.
Jinji, Naoto (2006): Inter-
national trade and terres-
trial - -
This study examines the impacts of ~ General equilib- World- Tt open acce.ss renewa
.. . General FC | ble resources in a small
trade and policies on forest stock. rium model wide/General
open economy. In: Cana-
dian Journal of Econom-
ics (39 (3)).
Table S8. Desktop studies Forest degradation.
Forest Degradation: Desktop
No. Objective Method Scheme  World region Reference
Ghazoul, Jaboury (2001):
The studv di barriers to biodi Barriers to Biodiversity
© STHCY CISCUSSES Partiers 1o bIo World- Conservation in Forest

1 versity conservation in forest certifica- Literature review General FC
tion.

wide/General Certification. In: Conser-
vation Biology (15 (2)), S.
315-317.

This study examines the role and con-

L e FSC
tribution of forest certification as a

Literature review

World- Gullison, R. E. (2003):
wide/General Does forest certification
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biodiversity conservation tool, focusing conserve biodiversity?
in particular on the only global certifi- In: Oryx 37 (2), S. 153-
cation system, the Forest Stewardship 165. DOIL
Council (FSC). 10.1017/S00306053030003
46.
This study assesses which role forest
certification can play as an instrument Rametsteiner, Ewald;
to promote sustainable forest manage- Simula, Markku (2003):
ment (SFM) and biodiversity mainte- Forest certification—an
nance, how far the main concepts have instrument to promote
been developed, and what lessons we . . World- sustainable forest man-
3 . Literature review General FC |
can learn after ten years of implementa- wide/General agement? In: Journal of
tion. The paper focuses on progress in Environmental Manage-
developing forest certification and de- ment 67 (1), S. 87-98.
fining what forest certification sets out DOI: 10.1016/S0301-
to verify sustainable forest manage- 4797(02)00191-3.
ment.
This study analyzes the forest certifica- Carrera, Fernando;
tion process in Guatemala, focusing on Guatemala, Stoian, Dietmar; Joaquin
4 the forest concessions in the Maya Bio- Case study FSC Maya Bio- Ca'mpos Arce, Jose; Israel
sphere Reserve (MBR), where 95 per- sphere Re-  Pinelo, Gustavo (2006):
cent of the certified forest area in Guate- serve Forest certification in
mala is located. Guatemala.
Wintle, B. A,; Lin-
denmayer, D. B. (2008):
. Adaptive risk manage-
This study proposes that carbon mar- o
. ment for certifiably sus-
kets, through RIL, can act as a vehicle to . .
. . . . . Tropical re- tainable forestry. In: For-
5 rise in the Hierarchy of Production For- Literature review FSC .
. gions est Ecology and Manage-
est Management towards achieving
SFM in the tropi ment 256 (6), S. 1311-
fnthe tropics. 1319. DOL:
10.1016/j.foreco.2008.06.0
42.
Burivalova, Zuzana;
Hua, Fangyuan; Koh,
Lian Pin; Garcia, Claude;
Putz, Francis (2017): A
Critical Comparison of
This study synthesizes the published Conventional, Certified,
information about how forest certifica- L . and Community Man-
. . Systematic litera- Tropical re- .
6  tion and community forest manage- . ESC . agement of Tropical For-
. 5 . ture review gilons i X
ment perform in environmental, social, ests for Timber in Terms
and economic variables. of Environmental, Eco-
nomic, and Social Varia-
bles. In: CONSERVA-
TION LETTERS 10 (1), S.
4-14. DOL:
10.1111/conl.12244.
This study evaluates the literature for Literature review Tropical re Burivalova, Zuzana; All-
7 four mainstream strategies (forest certi- on the effective- FSC P nutt, Thomas F.; Rade-

gions

fication and reduced impact logging, ness of four macher, Dan; Schlemm,
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mainstream con-

tected areas, community forest manage- servation strate-
ment) in terms of 35 environmental, so- gies: (a) FSC-RIL;
cial, and economic metrics. We evalu- (b) PES; (c) strictly
ated whether applying the strategy im- PAs (IUCN cate-
proved, left unchanged, or worsened gory L, II, and III);
the conservation metrics, and we cre- and (d) CFM (in-

ated an interactive platform to view the cluding, but not
data.

payments for ecosystem services, pro-

restricted to areas
designated as

Annika; Wilcove, David
S.; Butler, Rhett A. (2019):
What works in tropical
forest conservation, and
what does not: Effective-
ness of four strategies in
terms of environmental,
social, and economic out-
comes. In: Conservat Sci
and Prac 1 (6), e28. DOL

IUCN categories V 10.1111/csp2.28.
and VI).
Lindberg, Henrik;
Punttila, Pekka; Vanha-
This study identifies several actions Majamaa, llkka (2020,):
. . The challenge of combin-
that could improve the weakened situa- ing variable retention
8 tion of fire-dependent biodiversity (as  Desktop study PEFC Finland . .
caused by my standards of forest certi- .and.prescrlbed burning
fication). in Finland. In: Ecol Pro-
cess 9 (1). DOI:
10.1186/513717-019-0207-
3.
Valduga, Marcos O.;
Zenni, Rafael D.; Vitule,
Jean R. S. (2016): Ecologi-
This study conducted a systematic re- cal impacts of non-native
view of the ecological literature associ- tree species plantations
ated with planted Pinus and Eucalyptus are broad and heteroge-
9 species in Brazil. It compares publica- Systematic review FSC Brazil neous: a review of Brazil-
tion metrics with the geographical dis- ian research. In: Anais da
tribution of species, ecosystems, biomes Academia Brasileira de
studied taxa, and ecological impacts. Ciencias 88 (3 Suppl), S.
1675-1688. DOI:
10.1590/0001-
3765201620150575.
Cerda, Aldo; Lira, Valen-
tina (2002): THE ECO-
NOMICS OF SUSTAIN-
ABLE FOREST MAN-
This work examines the effectiven f
foies’;) cerfif?catioisanz ;of; thg ;;ISISISO Literature review World- AGEMENT CERTIFICA-
10 mentioned previously have been (method not speci-  General wide/General TION. PAPER PRE-
achieved. fied in text) SENTED TO SECOND
WORLD CONGRESS OF
ENVIRONMENTAL
AND RESOURCE
ECONOMISTS.
We provide an overview of studies that Literature review Nicholas R. Brown, Reed
evaluate FSC certification and associ- on studies of im- World- F. Noss, David D. Dia-
11 ated benefits for forest biodiversity con- pact evaluation FSC . mond, and Mariah N.
wide/General

servation. We include studies with re- studies, data about

sponse variables that are known to be FSC certification

Myers (2001): Conserva-
tion biology and forest
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directly (animal and plant diversity) and certification. Working
and indirectly (deforestation, forest associated out- Together toward Ecologi-
degradation) related to forest biodiver- comes, incl. field cal Sustainability. In:
sity conservation. studies providing Journal of Forestry.

on- the-ground
data. Analysis of
Corrective Action

Requests (CARs).
Franck Trolliet, Melissa
This book chapter provides an over- Vogt, Franck Trolliet
view of studies that evaluate FSC certi- (Hg.) (2019): How does
fication and associated benefits for for- FSC certification of forest
est biodiversity conservation. We in- management benefit con-
. . . . . World- ; - .
12 clude studies with response variables Literature review ESC . servation of biodiversity?
s i wide/General o -
that are known to be directly (animal Sustainability Certifica-
and plant diversity) or indirectly (defor- tion Schemes in the Agri-
estation, forest degradation) related to cultural and Natural Re-
forest biodiversity conservation. source Sectors:
Routledge.
Di Girolami, Erica; Arts,
Bas (2018): Environmen-
tal impacts of Forest Cer-
tifications. Qualitative
Literature Revi f Sci-
This report aims to fill this knowledge Worldwide o Te SEVIeW o1 oct
. . . entific Research on the
gap by presenting the results of a 'quali- (boreal, tem- .
tative literature review' (QLR) of exist erate, and Environmental Impacts
3 . . . Literature review FSC, PEFC P .. of the Forest Stewardship
ing research, on the direct environmen- tropical bi- Council (FSC) Certifica-
tal impacts of FSC and PEFC, in the bo- omes)

tion Scheme and the Pro-
gramme for the Endorse-
ment of Forest Certifica-
tion (PEFC) in the Boreal,
Temperate and Tropical

real, temperate, and tropical biomes.

Biomes.

A literature study was conducted to as-
sess the scientific evidence for the effect van Kuijk, Marijke; Putz,
of certified forest management on bio-
diversity in tropical, temperate, and bo-
14 real forests. This study focuses on stud- Literature review General FC
ies that compared certified with 'con-

Francis E.; Zagt, Roderick
(2009): Effects of forest
certification on biodiver-
sity. Wageningen, The

Worldwide
(tropical, tem-
perate and bo-

real forests)

ventional' forestry practices within the Netherlands.
wealth of literature discussing the im-
pact of logging on plants and animals.
Table S9. Models and Scenarios Forest degradation.
Forest Degradation: Models & Scenarios
No. Objective Method Scheme World region Reference
The effects of hydrological processes on Landscape model- Azevedo, JoAo C.; Wil-

1 landscape-level measures included in  ing; HARVEST PEFC-SFI ~ USA, Texas liams, Jimmy R.; Messina,
the sustainable forestry initiative (SFI) landscape model Michael G.; Fisher,
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program were analyzed through simula- was used to simu-
tion. late landscape pat-

tern and a modi-

fied version of the

APEX model was

used to simulate

hydrological pro-

cesses.

Richard F. (2005): Im-
pacts of the Sustainable
Forestry Initiative Land-
scape Level Measures on
Hydrological Processes.

In: Water Resour Manage

19 (2), S. 95-110. DOI:

10.1007/s11269-005-1503-
5.

Landscape model-
ing; HARVEST

landscape model

The study developed a methodology to was used to simu-
analyze the effects of management prac- late landscape pat-
tern and a modi-
fied version of the
APEX model was

used to simulate
hydrological pro-

cesses.

2 tices on landscape structure and func-
tion to assess sustainability in inten-
sively managed forest landscapes.

PEFC-SFI

Joa"o C. Azevedo, X. Ben
Wu, Michael G. Messina,
and Richard F. Fisher
(2005): Assessment of
Sustainability in Inten-
sively Managed Forested
Landscapes: A Case

USA, Texas

Study in Eastern Texas.
In: Forest Science.

The study modeled carbon and biodi-
versity outcomes for four archetypal
timber production systems that deliver
the same timber volume but vary in spa-
3 tial extent and harvest intensity. We in- Scenario modelling FSC

Griscom, Bronson W.;
Goodman, Rosa C.;
Burivalova, Zuzana;
Putz, Francis E. (2018):
Carbon and Biodiversity

Tropical re-
ropieatre Impacts of Intensive Ver-

clude impacts of variable deforestation gions sus Extensive Tropical
risk (secure land tenure or not) and al- Forestry. In: CONSER-
ternative harvesting practices (certified VATION LETTERS 11
an uncertified). (1), e12362. DOL:
10.1111/conl.12362.
Table S10. Desktop studies economic viability.
Economic viability: Desktop
No. Objective Method Scheme World region Reference
Basso, V. M.; Jacovine,
L.A.G,; Nardelli, AM.B,;
This study reviews how the different A.lves, R.R;Silva, E. V.;
. . . Documentary re- Silva, M. L.; Andrade, B.
countries of the Americas carried out the .
e searchy, literature South and G. (2018): FSC forest
forest certification process by the FSC . e
. review, data of FSC North Amer- management certification
system and discusses how external fac- i . . . .
. (certified) forest ar- ica in the Americas. In: int.
tors would have influenced these pro-
eas forest. rev. 20 (1), S. 31—
cesses. 42, DOT:
10.1505/146554818822824
219.
This study evaluates four mainstream Burivalova, Zuzana; All-
strategies (forest certification and re- ~ Systematic litera- FSC Tropical for- nutt, Thomas F.; Rade-

duced impact logging, payments for ture review

ecosystem services, protected areas,

est countries macher, Dan; Schlemm,
Annika; Wilcove, David
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community forest management) in
terms of 35 environmental, social, and
economic metrics. We evaluated
whether applying the strategy im-
proved, left unchanged, or worsened the
conservation metrics, and we created an
interactive platform to view the data.

S.; Butler, Rhett A. (2019):
What works in tropical
forest conservation, and
what does not: Effective-
ness of four strategies in
terms of environmental,
social, and economic out-
comes. In: Conservat Sci
and Prac 1 (6), e28. DOLI:
10.1111/csp2.28.

A qualitative meta-synthesis approach is
applied to this body of evidence to as-
sess producer benefits reported in case  Literature re-

Carlson, Anna; Palmer,
Charles (2016): A qualita-
tive meta-synthesis of the
benefits of eco-labeling in

3 studies of Forest Stewardship Council view/meta-analy- FSC Dceo‘;eict)gle:g developing countries. In:
(FSC) and Marine Stewardship Council sis Ecological Economics
(MSC) certification in developing coun- 127, S.129-145. DOL:

tries. 10.1016/j.ecolecon.2016.03
.020.
This study analyzes the forest certifica- Carrera, Fernando;
tion process in Guatemala, focusing on Guatemala, Stoian, Dietmar; Joaquin
the forest concessions in the Maya Bio- Case study FSC Maya Bio- Ca@pos Arce, Jose; Israel
sphere Reserve (MBR), where 95 percent sphere Re-  Pinelo, Gustavo (2006):
of the certified forest area in Guatemala serve Forest certification in
is located. Guatemala.
Cashore, Benjamin; Gale,
Fred; Meidinger, Errol;
Newsom, Deanna (2006):
Forest Certification in
. Developing and Transi-
This study answers why the momentum FSC, PEFC Developing tioning Countries: Part of
5 behind forest certification has been so  Literature review (CERFLOR; . .
. . . countries  a Sustainable Future? In:
weak in developing countries. SFI, CSA stc). . .
Environment: Science
and Policy for Sustaina-
ble Development 48 (9),
S. 6-25. DOL:
10.3200/ENVT.48.9.6-25.
Di Lallo, Giulio; Maes-
ano, Mauro; Masiero,
Mauro; Mugnozza,
This study identifies and analyzes the Giuseppe Scarascia; Mar-
main factors influencing the diffusion of chetti, Marco (2016): Ana-
the Forest Stewardship Council (FSC) Review of FSC cer- lyzing Strategies to En-
6 smallholder certification in Europe. Fur- tification reports, FSC Europe hance Small and Low In-

thermore, potential strategies to help SWOT-ANP analy-
FSC meet the requirement of smallhold- sis
ers—and, consequently, enhance their
access to certification—are pointed out.

tensity Managed Forests
Certification in Europe
using SWOT-ANP. In:
Small-scale Forestry 15
(3), S.393+411. DOL
10.1007/s11842-016-9329-

y.
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This study evaluates the challenges fac-
ing certification and eco-labeling forest
products in developing countries.

7

Documentary re-
search; literature
review, data of

eas

FSC, PEFC
(CERFLOR;
(certified) forest ar-SFI, CSA stc).

Developing
countries

Durst, P.B; McKenzie, P.J;
Brown, C.L; Appanabh, S.
(2006): Challenges facing
certification and eco-la-
belling of forest products
in developing countries.
In: International Forestry
Review 8 (2), S. 193-200.
DOI: 10.1505/ifor.8.2.193.

This study aims to determine the current
and historical general trends of FSC cer-
tification in the tropics and to provide
insights into the nature of problematic
management issues and how these is-
sues have evolved across different re-
gions.

8

Data analysis, liter-
ature review

FSC, PEFC

Tropical for-
est countries

Ehrenberg-Azcarate,
Francisco; Pefia-Claros,
Marielos (2020): Twenty
years of forest manage-
ment certification in the

tropics: Major trends

through time and among
continents. In: Forest Pol-
icy and Economics 111, S.
102050. DOI:
10.1016/j.for-
pol.2019.102050.

This study assesses the roles and contri-
butions of smallholder tree-farmers in
and across regional supply chains and
the regulatory compliance, voluntary

verification, and market access environ-

ments in which they operate.

Literature review General FC

South East
Asia/Vietnam
as case study

(Thien Hue)

Flanagan, A. C.; Midgley,
S.].; Stevens, P. R,;
McWhirter, L. (2019):
Smallholder tree-farmers
and forest certification in
Southeast Asia: produc-
tivity, risks and policies.
In: Australian Forestry 82
(1), S. 18-28. DOL:
10.1080/00049158.2018.15
60569.

This study reviews the economic issues
and potential welfare implications of
forest certification in light of this man-
agement goal but finds that the effect of
10 certification on forest product markets is
uncertain. It examines why certification
schemes may fail to regulate optimally
market failures and decrease welfare
compared to a non-certified state.

Macro empirical

study, statistical
analysis to evalu-
ate the key market

and socio-political FSC, PEFC

drivers of Forest
Stewardship
Council certifica-
tion uptake and
growth

(CSA, SFI)

Worldwide

Jarus, Val: Forest Certifi-
cation: Economic Issues
and Welfare Implica-
tions. In: CANADIAN
PUBLIC POLICY 1998.

Building on available data, the probable
contributions of smallholder assets to
national economies and smallholder

livelihoods are calculated for acacias in

Vietnam and eucalypts in Guangxi

Province, China, and smallholder contri-

butions to commercial wood flow in
several other Asian countries.

Desktop/review of
Literature

General FC

China,
Guangxi
Province

Midgley, S. J.; Stevens, P.
R.; Arnold, R. J. (2017):
Hidden assets: Asia’s
smallholder wood re-
sources and their contri-
bution to supply chains
of commercial wood. In:
Australian Forestry 80
(1), S. 10-25. DOIL:
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10.1080/00049158.2017.12
80750.

Based on available literature, this study
discusses the question: have the conser-

vation-focused and pro-poor forestry re-
search and policies, and the related ad-

Nambiar, E. Sadanandan
K. (2019): Tamm Review:
Re-imagining forestry
and wood business: path-
ways to rural develop-

vocacies of NTFPs, PES, and REDD+en- _ . . FSC, PEFC Tropical re- ment, Poverty allev1at1.o.n
12 . Literature review (CSA, SFI, . and climate change miti-
abled rural developments improved gions L -
i . . ATFS) gation in the tropics. In:
livelihoods for combatting poverty? It is
analyzed how forestry could play a Forest Ecology and Man-
Y oy coie pray agement 448, S. 160-173.
more active and contributing role in the DO
1 t sector. '
development sector 10.1016/j.foreco.2019.06.0
14.
Zhao, Jingzhu; Xie,
Dongming; Wang, Dan-
yin; Deng, Hongbing
(2011): Current status
This study assesses the status and prob- Data analysis, liter- a}tlil:nlz)rfozﬁgisr::b(lfrfz?:;-
13 lems in the certification of Sustainable oIS FSC China . .
. . ature review management in China.
Forest Management in China. )
In: Environmental man-
agement 48 (6), S. 1086—
1094. DOL:
10.1007/s00267-011-9620-
9.
This study analyses the reasons for the Ota, Ikou (2006): Experi-
success of YFOC (one most successful ences of a Forest Owners’
example of FSC certification holders in Cooperative in using FSC
h f thei - F ificati
14 the country because of their strong eco Literature review FSC Japan orest Certification as an

nomic performance after gaining certifi-
cation in 2000.) in terms of their forestry,
sawmill activities, and timber market-

mg.

Environmental Strategy.
In: Small-scale Forest
Economics, Management
and Policy, S. 111-126.

15 and community-forest management per-

This study synthesizes the published in-

. ... .. Systematic review;
formation about how forest certification y

qualitative synthe-

. . . sis of the existing
form in environmental, social, and eco-

. . literature
nomic variables.

FSC

Tropical for-
est countries

Burivalova, Zuzana; Hua,
Fangyuan; Koh, Lian Pin;
Garcia, Claude; Putz,
Francis (2017): A Critical
Comparison of Conven-
tional, Certified, and
Community Manage-
ment of Tropical Forests
for Timber in Terms of
Environmental, Eco-
nomic, and Social Varia-
bles. In: CONSERV A-
TION LETTERS 10 (1), S.
4-14. DOI:
10.1111/conl.12244.
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This paper discusses the effects of these
eco-labels programs on developing
16 countries' market access. It explains how Literature review
the multitude and the complexity of eco-
labeling programs could become a non-
tariff trade barrier.

General FC

Developing
countries

Violeta BAJENARU-DE-
CLERCK (Hg.) (2008):
The forest certification
and eco-labels: a social

progress or new non-tar-

iff barriers? Proceedings
of the 51st International

Convention of Society of

Wood Science and Tech-

nology. Concepcidn,

Chile, 10-12 November.

This study explored the opportunity

. . . Economic analysis,
costs of restricting silvicultural options

discounting of Net
Present Value and
Land expectation

by comparing natural pine regimes to
plantation management regimes with
and without herbicide using basic eco-

. . value
nomic criteria.

FSC, PEFC-
SFI, CSA

Worldwide

van Deusen, P. C,;
Wigley, T. B.; Lucier, A.
A. (2010): Some indirect
costs of forest certifica-

tion. In: Forestry 83 (4), S.
389-394. DOL:
10.1093/forestry/cpq021.

This study studies the conditions im-
posed on forest operators for getting cer-
tified and the export prices of certified
18 vs. non-certified timber products. In ad-
dition, the study provides a basis for as-
sessing aspects of certification's effec-
tiveness, efficiency, and equity.

Literature review,
document analysis

FSC

Bolivia

Nebel, Gustav; Quevedo,
Lincoln; Bredahl Jacob-
sen, Jette; Helles, Finn
(2005): Development and
economic significance of
forest certification: the
case of FSC in Bolivia. In:
Forest Policy and Eco-
nomics 7 (2), S. 175-186.
DOI: 10.1016/51389-
9341(03)00030-3.

Table S11. Macro-economic studies economic viability/economic impact.

Economic viability: Macro-economic

No. Objective Method Scheme World region Reference
This study estimates the market and eco- Brown, Roger; Zhang,
nomic impacts of the American Forests Daowei (2005): The Sus-
and Paper Association’s Sustainable For- . tainable Forestry Initia-
estry Initiative (SFI) on stumpage mar- Survey data; equi- tives impact on stump-
1 kets in the US South. We examine four librium displace-  PEFC-SFI  USA, South age markets in the US
. ment model
timber product markets: softwood pulp- South. In: Can. J. For.
wood, softwood sawtimber, hardwood Res. 35 (8), S. 2056-2064.
pulpwood, and hardwood sawtimber. DOI: 10.1139/x05-135.
This study assesses the impacts of fc?rest Gan, Jianbang (2005):
certification costs on the output, price, . L
. General equilib- Forest certification costs
and trade of forest products via comput- | .
2 able general equilibrium modeling un- o analysis  FSC, PEFC- Worldwide and global forest prod-
& q & (GTAP), scenario CERFLOR uct markets and trade: a

der various scenarios representing tropi- .
i analysis
cal, temperate, and global forest certifi-

cation.

general equilibrium
analysis. In: Can. ]. For.
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Res. 35 (7), S. 1731-1743.
DOI: 10.1139/x05-100.

Using a complex dynamic forest optimi-

zation model, we analyze the impacts on .
R, Complex dynamic
the economy and biodiversity of forest

Bergseng, Ev en; Ask,
Jon Andreas; Framstad,
Erik; Gobakken, Terje;
Solberg, Birger; Hoen,
Hans Fredrik (2012): Bi-
odiversity protection
and economics in long

. . forest optimization PEFC Norway  term boreal forest man-
management restrictions implemented to .
e o model agement — A detailed
protect biodiversity (i.e., forest certifica- .
tion) case for the valuation of
' protection measures. In:
Forest Policy and Eco-
nomics 15, S. 12-21.
DOI: 10.1016/j.for-
pol.2011.11.002.
Mendell, Brooks C.;
This research estimates the productivity Lang, Amanda H.; Cald-
and economic implications of a scenario well, Will; Garrett, Da-
resembling the management of nonin- vid L. (2015): Chemical
4 dustrial private forestland. The research Scenario analysis FSC Use and Forest Certifica-

compares estimates from a mechanical-
only treatment and two levels of chemi-
cal treatments between certification
schemes.

tion: Productivity and
Economic Implications.
In: Journal of Forestry
113 (4), S. 367-371. DOL
10.5849/jof.14-121.

This paper analyzes the restricting effect Partial equilibrium

Guan, Zhijie; Ip Ping
Sheong, Jim Kwee Fat
(2019): The Restricting

Effects of Forest Certifi-
cation on the Interna-

5 of forest certification on the ’frade of modehng/spa'ce FSC, PEFC  Worldwide  tional Trade of Wood
wood products under the decline of tar- price gradient field
. . Products. In: Journal of
iff barriers. model .
Sustainable Forestry 38
(8), S. 809-826. DOI:
10.1080/10549811.2019.1
607756.
Chen, Jiaojiao; Wang,
Lanhui; Li, Lingchao;
This study evaluates the influence of for- Magalhaes, Juliana;
est certification on international trade. Song, Weiming; Lu,
Furthermore, it provides a scientific ba- Wenming et al. (2020):
6 sis for improving the international forest ~Gravity model FSC, PEFC  Worldwide Effect of Forest Certifica-

certification systems and the develop-
ment of relevant forestry industries in
different countries.

tion on International
Trade in Forest Prod-
ucts. In: Forests 11 (12),
S. 1270. DOI:
10.3390/f11121270.
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