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A B S T R A C T

So cial, bio phys i cal, and in sti tu tional con texts af fect for est users’ in cen tives to work to gether to re store forests.
With re newed gov ern ment com mit ments to sup port such ac tiv i ties, we ar gue that ef fec tive in ter ven tions need
to con sider sev eral con text-spe cific fac tors – such as the user groups’ fu ture dis count rates, op por tu nity costs,
and col lec tive-ac tion ca pa bil i ties – be cause these fac tors will help de ter mine the ef fec tive ness of such in ter ven‐

tions. To test the ef fects of a suite of con tex tual fac tors, we an a lyzed ob ser va tions from 184 dif fer ent groups in
133 forests across eight de vel op ing coun tries. We find that the com bi na tion of cer tain en abling fac tors in creases
the prob a bil ity of users un der tak ing for est im prove ment ac tiv i ties, and that so cial con texts can con di tion the ef‐
fect of in sti tu tional and bio phys i cal con texts. Our find ings carry im pli ca tions for the de sign and im ple men ta tion
of fu ture in ter ven tions to re store forests in de vel op ing coun tries.

1. Introduction

With the launch of the Bonn Challenge in 2011 and the New York
De c la ra tion of Forests at the 2014 UN Cli mate Sum mit, sig na tory coun‐

tries have made sig nif i cant po lit i cal com mit ments to re store 150 mil‐
lion hectares of de for ested and de graded land by 2020. Po lit i cal lead ers
fol lowed through with these com mit ments by im ple ment ing Ini tia tive
20 × 20 of the Latin Amer ica and Caribbean coun tries and the African
For est Land scape Restora tion Ini tia tive (AFR100). Cur rent ini tia tives
ad vo cate for par tic i pa tory re for esta tion ap proaches, in clud ing com mu‐

nity-based restora tion ini tia tives, in stead of top-down com mand and
con trol ap proaches, ar gu ing that such ap proaches re sult in bet ter gov‐

er nance of restora tion ar eas and greater so cial ben e fits (Demeo et al,
2015; Villaseñor et al., 2016; Derak et al., 2017). Lo cal for est users are
par tic u larly im por tant for the suc cess of par tic i pa tory gov er nance of
for est restora tion ac tiv i ties be cause of their lo cal knowl edge, pres ence,
and rel a tively large stake in the out comes of such ini tia tives. How ever,
suc cess ful for est restora tion is a process that re quires sub stan tial time
and fi nan cial com mit ments from a va ri ety of ac tors. One fun da men tal
chal lenge of par tic i pa tory ap proaches to for est restora tion is that many
lo cal users are hard-pressed to meet their short-term ma te r ial needs,
such as se cur ing food, en ergy, and in come for their house

holds. As a re sult, users may not be in a po si tion to pri or i tize ac tiv i ties
such as sus tained for est con ser va tion or restora tion ac tiv i ties, which
typ i cally yield ben e fits in the dis tant fu ture. In many in stances, the
pur suit of short-term ma te r ial needs is what has caused the eco log i cal
degra da tion of for est land scapes to the point that for est restora tion has
be come nec es sary.

To re spond to this prob lem, donors and prac ti tion ers ad vo cate for
in ter ven tions that can help for est users over come the bar ri ers cre ated
by short-term eco nomic needs and short time hori zons. These in ter ven‐

tions fre quently of fer eco nomic in cen tives to con serve and help re store
for est ecosys tems. Such pro grams of ten as sume that ex ter nal in cen tives
are suf fi cient for users to com mit to for est restora tion ac tiv i ties. How‐

ever, re search shows mixed re sults from in ter ven tions of fer ing ex ter nal
in cen tives, which sug gest that the as sump tions un der gird ing such in ter‐
ven tions may not al ways hold (Wunder et al., 2008; Pagiola et al.,
2007; Muñoz-Piña et al., 2008; De Koning et al., 2011). While over all
en roll ment in for est im prove ment is of ten high in these in cen tive
schemes, many cases do not re sult in eq ui table dis tri b u tions of long-
term so cial and bio phys i cal ben e fits, and the en roll ment of the poor est
seg ments of the tar get pop u la tion can of ten be lower than other seg‐

ments that are bet ter off. This pa per of fers a pos si ble ex pla na tion as to
why these in cen tive schemes can fail to achieve their in tended im pact:
ad verse con tex tual fac tors. We the o rize that con tex tual fac tors af fect
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Table 1
Data overview: Num ber of forests, user groups, and user group-for est pairs by coun try.

Country # of forests # of user groups # of user group-forest pairings

Bolivia 16 21 23
Guatemala 4 5 9
India 18 18 18
Kenya 13 34 37
Madagascar 6 18 18
Nepal 41 35 41
Tanzania 5 10 10
Uganda 30 53 57
TOTAL 133 184 213

users’ in cen tives to solve the col lec tive ac tion prob lem of sus tained en‐

gage ment in for est restora tion. We an a lyze the role of sev eral con tex‐

tual fac tors in ex plain ing vari a tion in for est user de ci sions to en gage in
col lec tive for est im prove ment ac tiv i ties across a wide va ri ety of rural
com mu ni ties.

The cen tral ar gu ment that we ex plore is that sev eral con tex tual cir‐
cum stances – re lated to the bio phys i cal, so cial and in sti tu tional con‐

texts –af fect the like li hood of for est users to en gage with col lec tive for‐
est restora tion ac tiv i ties. Specif i cally, we hy poth e size that users hold

ing clear and se cure prop erty rights, us ing a rel a tively large for est, hav‐

ing low de pen dence on the for est to meet sub sis tence needs, and ap pre‐

ci at ing the for est for its sa cred or com mer cial value will be more likely
to en gage in for est im prove ment ac tiv i ties. While some schol ars view
cer tain con texts, such as re duc tion in sub sis tence de pen dency and se‐

cure prop erty rights, as so cial out comes of suc cess ful re for esta tion ef‐
forts (Erbaugh and Oldekop, 2018), we ar gue that these con tex tual fac‐

tors can also be im por tant en ablers of lo cal for est im prove ment ac tiv i‐
ties. To test this ar gu ment em pir i cally, we em ploy orig i nal field data
from 184 user groups and their use of for est prod ucts in 133 trop i cal
forests across eight de vel op ing coun tries. We de velop four spe cific hy‐

pothe ses, which we test us ing mul ti ple re gres sion analy sis.
We treat tree-plant ing ac tiv i ties (both the plant ing of tree seedlings

and tree saplings) as anal o gous to gen eral for est restora tion ac tiv i ties.
It seems rea son able to as sume that con tex tual fac tors that af fect users’

de ci sions to par tic i pate in col lec tive tree plant ing ac tiv i ties for for est
re gen er a tion are very sim i lar to those af fect ing users’ de ci sions to par‐
tic i pate in other col lec tive for est restora tion ac tiv i ties. Most for est-
restora tion ini tia tives in volve the plant ing of tree seedlings or saplings
(Gregorio et al., 2015; Han son et al., 2015).

To pre view our re sults, we find that a user group’s (1) prop erty
rights, (2) de pen dence on forests to meet sub sis tence needs, (3) com‐

mer cial in ter est in forests, and (4) the size of the forests they ac cess

Table 2
Lo gis tic re gres sion re sults for main mod els with out and with in ter ac tion terms, with ex po nen ti ated co ef fi cients. (* p < 0.05 ** p < 0.01).

(1) (2) (3) (4) (5) (6) (7) (8)

Any
seedling
planting

Any seedling
planting (with
interactions)

Sustained
seedling
planting

Sustained seedling
planting (with
interactions)

Any
sapling
planting

Any sapling
planting (with
interactions)

Sustained
sapling
planting

Sustained sapling
planting (with
interactions)

Biophysical contexts
Forest size 1.01* 1.01 1.01* 1.01 1.01 1.01 1.01 1.02

(0.00) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01)
Forest commercial value 1.19 1.28 0.83 0.81 1.07 1.17 0.68 0.75

(0.27) (0.30) (0.25) (0.26) (0.28) (0.33) (0.28) (0.36)
Social context
Sacred value for forest 1.47 1.44 1.85 2.24 2.93* 2.95 2.45 3.46

(0.72) (0.72) (1.09) (1.40) (1.60) (1.67) (1.96) (3.29)
Commercial dependency 1.23 1.22 3.35 5.43 6.59** 6.04** 11.98* 33.58**

(0.86) (0.86) (2.95) (5.44) (4.44) (4.14) (12.81) (45.41)
Subsistence non-

dependency
1.44 1.67 1.10 11.93 4.16* 2.57 1.15 21.03

(0.85) (1.30) (0.87) (15.24) (2.79) (2.35) (1.20) (35.89)
Social homogeneity 0.13* 0.13* 0.62 0.56 2.21 3.26 2.74 7.57

(0.13) (0.12) (0.73) (0.71) (2.29) (3.65) (4.33) (14.59)
Wealth equality 0.83 0.80 0.88 0.96 1.07 0.81 1.65 1.52

(0.38) (0.38) (0.54) (0.63) (0.53) (0.44) (1.25) (1.28)
Institutional context
Secure property rights 1.25 1.06 2.51** 4.06** 1.84* 0.77 2.76* 1.08

(0.25) (0.27) (0.82) (2.15) (0.52) (0.37) (1.37) (1.04)
Interaction terms
Secure property rights x

Forest size
1.01 1.01 1.02 1.03

(0.01) (0.01) (0.01) (0.02)
Secure property rights x

Subsistence non-
dependency

1.00 0.16* 3.55 1.36

(0.51) (0.12) (2.36) (1.67)
Forest size x Subsistence

non-dependency
0.99 0.98 0.97 0.79

(0.01) (0.01) (0.01) (0.12)
Controls
External support in

planting governance
1.47 1.77 2.37* 3.52** 2.14* 2.26* 3.86** 4.43*

(0.41) (0.56) (0.86) (1.55) (0.74) (0.83) (1.99) (2.76)
External support in

planting operations
0.93 0.84 0.58 0.48 0.77 0.69 0.82 1.01

(0.29) (0.28) (0.25) (0.23) (0.32) (0.30) (0.47) (0.69)
N 208 208 208 208 208 208 208 208
AIC 206.46 208.47 150.21 147.42 171.21 167.01 106.48 97.77
BIC 246.51 258.54 190.26 197.48 211.27 217.07 146.53 147.84
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Fig. 1. Mar ginal ef fect of se cure prop erty rights on prob a bil ity of any sapling-plant ing over user group sub sis tence non-de pen dency, at av er age for est size and for est size greater than
one stan dard de vi a tion from the mean. All other ex plana tory vari ables are held at the mean (mar ginal ef fect on all de pen dent vari ables over all for est sizes are in cluded in the An nex,
Fig. A4. Mar ginal ef fect plots on all de pen dent vari ables with or dered logit mod els are in cluded in An nex, Fig. A5). In cludes the ker nel den sity plot of the user group sub sis tence non-de‐

pen dency.

Fig. 2. Pre dicted prob a bil i ties of any sapling-plant ing across weak, av er age and strong en abling con texts. For each of these sce nar ios we com bine three con tex tual fac tors (se cure prop‐

erty rights, user group com mer cial de pen dency, and sub sis tence de pen dency on the for est) and set them to the min i mal, av er age, and max i mum val ues. All other vari ables in the mod els
are held con stant at their mean or modal val ues. How ever, the sta tis ti cally sig nif i cant in crease in pre dicted prob a bil i ties of a weak to strong en abling con text is only pre sent for any
sapling-plant ing, not other de pen dent vari ables in the analy sis.

help ex plain var ied par tic i pa tion rates in col lec tive tree plant ing ac tiv i‐
ties across user groups. Not only is the in di vid ual ef fect of each of these
fac tors sta tis ti cally sig nif i cant and sub stan tively im por tant, but sev eral
con tex tual fac tors also mod er ate the ef fect of one an other.

1.1. Enabling contextual factors for user- initiated forest restoration

Most pol icy in stru ments de vel oped to en cour age user groups to un‐

der take for est restora tion ac tiv i ties are de signed to lower im me di ate
bar ri ers to tree plant ing by off set ting lo cal peo ple’s op por tu nity costs,
hence sup port ing di rect, grass roots par tic i pa tion in these ini tia tives. In
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Fig. A1. His togram of seedling ad sapling plant ing fre quency in the sam ple of 213 for est user group-to-for est ob ser va tions, in fre quency and per cent age.

stru ments that in cen tivize users to un der take for est im prove ment ac tiv‐

i ties in clude pay ments for en vi ron men tal ser vices (e.g. car bon stor age,
bio di ver sity) as well as the di rect pro vi sion of tree seedlings and tech‐

ni cal as sis tance (Erbaugh and Oldekop, 2018; Huang et al., 2009;
Southgate and Wunder, 2009). We ar gue that aside from these di rect
in cen tives de signed to com pen sate users for the costs of for est im prove‐

ment ac tiv i ties, there are im por tant con tex tual fac tors that, if in place,
can en able user groups to work to gether to carry out costly for est
restora tion ac tiv i ties. These con tex tual fac tors in flu ence users’ fu ture
dis count rates, per ceived op por tu nity costs, and co op er a tion cost of

restora tion, which, in turn, af fect the like li hood of ini ti at ing and sus‐

tain ing im prove ment ac tiv i ties. These fac tors do so through en abling
col lec tive ac tion among users to carry out long-term col lec tive restora‐

tion ini tia tives. We fo cus on long-term en gage ment with plant ing in ad‐

di tion to one-time plant ing. Not only is the growth of tree seedlings
and saplings into forests a long-term process, but the abil ity to sus tain
restora tion ini tia tives ul ti mately may fa cil i tate vir tu ous cy cles of so cial-
en vi ron men tal in ter ac tion (Tidball et al., 2017). For ex am ple, Tidball
et al. (2017) found that sus tained tree re plant ing ef forts by lo cal res i‐
dents in post-Hur ri cane Ka t rina New Or leans, for both prac ti cal and
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Fig. A2. Mar ginal ef fect of se cure prop erty rights on the prob a bil ity of any and sus tained plant ing over user group sub sis tence non-de pen dency, at var i ous for est sizes, us ing main mod‐

els (Table 2 Mod els 2, 4, 6 and 8). All other ex plana tory vari ables are held at their sam ple means. In cludes the ker nel den sity plot of sub sis tence non-de pen dency.

sym bolic mo tives, helped cre ate a so cial sys tem and ecosys tem im‐

prove ments that then fed back into in creased so cial con nec tiv ity and
sus tained ecosys tem im prove ment ac tiv i ties.

We hy poth e size that in sti tu tional arrange ments, bio phys i cal at trib‐

utes of the for est, and so cial char ac ter is tics of user groups play an im‐

por tant role in cre at ing an en abling en vi ron ment for tree plant ing ac‐

tiv i ties. Be low, we dis cuss the in flu ence of sev eral pos si ble in sti tu‐

tional, bio phys i cal, and so cio-eco nomic fac tors that shape the like li‐
hood of lo cal users en gag ing in these ac tiv i ties. We use Ostrom’s
(2009) frame work for analy sis of so cio-eco log i cal sys tems, specif i cally
sec ond-level vari ables in Re source units (RU), Users (U) and Gov er‐
nance sys tems (GS) cat e gories, to guide our hy pothe ses (Ostrom,

2009). Nagendra (2007) used a sim i lar frame work to iden tify bio phys i‐
cal, so cial, in sti tu tional, and eco nomic fac tors that in flu ence re for esta‐

tion in Nepal, test ing their ef fect on re for esta tion us ing bi vari ate as so‐

ci a tions of so cial lead er ship, tenure regime, user-group to for est ra tio,
and mon i tor ing of for est use with ac tual changes in for est den sity. She
found that the lat ter three con tex tual fac tors are as so ci ated with in‐

creases in for est den sity, pro vid ing ini tial ev i dence that non-eco nomic
fac tors also in flu ence the emer gence of re for esta tion ac tiv i ties. Here we
build on Nagendra (2007) to an a lyze how a wider ar ray of con tex tual
fac tors in flu ence the like li hood of a user group car ry ing out for est im‐

prove ment ac tiv i ties.
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Fig. A3. Mar ginal ef fect of se cure prop erty rights on prob a bil ity of any tree plant ing over user group sub sis tence non-de pen dency, at var i ous for est sizes, us ing coun try fixed-ef fects
mod els and clus tered stan dard er rors by user group. All other ex plana tory vari ables are held at their sam ple means. See re gres sion re sults for coun try fixed-ef fects models in An nex Table
A5. Be cause of in cal cu la ble de riv a tives at cer tain for est sizes, for the mar ginal ef fect plots all ex plana tory vari ables ex cept for se cured prop erty rights were re-scaled by mul ti ply ing each
vari able by 100, to al low for de riv a tive cal cu la tion. In clud ing the ker nel den sity plot of sub sis tence non-de pen dency.

2. Theoretical arguments

Based on ap pli ca tion of Os trom’s SES frame work and our re view of
the lit er a ture on in-for est and on-farm tree plant ing, we ad vance four
the o ret i cal ar gu ments about the spe cific con tex tual vari ables that can
en able lo cal for est users to en gage in col lec tive tree-plant ing ac tiv i ties
in de vel op ing coun tries. Col lec tive ac tion prob lems are per va sive

through out all stages of for est im prove ment pro grams, from the ag gre‐

ga tion of pref er ences for plant ing, the pro vi sion and pro duc tion of for‐
est im prove ment ac tiv i ties, equal or pro por tional shar ing of ben e fits
from for est im prove ment, to the bio phys i cal main te nance of im prove‐

ment ar eas. We con sider lo cal vari a tions in bio phys i cal, so cioe co nomic,
and in sti tu tional con texts that af fect the mo ti va tion and col lec tive ac‐

tion ca pa bil i ties of lo cal for est users. More over, we also dis tin guish be‐

tween any en gage ment with plant ing ac tiv i ties and sus tained en gage
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Fig. A4. Mar ginal ef fects of se cure prop erty rights on the prob a bil ity of any and sus tained plant ing over user group sub sis tence non-de pen dency, at var i ous for est sizes, us ing main mod‐

els (Table 3 Mod els 2, 4, 6 and 8) ex clud ing ob ser va tions with for est size out liers (larger than two stan dard de vi a tion). All other ex plana tory vari ables are held at their sam ple means. In‐

cludes the ker nel den sity plot of sub sis tence non-de pen dency.

ment with plant ing ac tiv i ties, be cause it takes sus tained en gage ment
over many years to de velop a sta ble for est. We ex pect that the ef fect of
the hy poth e sized con tex tual fac tors will be greater with sus tained en‐

gage ment be cause it is so costly.

2.1. Hypothesis 1a: user groups are more likely to undertake planting
activities if they value the forest economically. Hypothesis 1b: user groups
are more likely to undertake planting activities if they value the forest
spiritually

Users can have non-eco nomic or eco nomic mo ti va tions for un der‐

tak ing for est im prove ment ac tiv i ties (Rahman et al., 2017; Beedell and
Rehman, 2000, 1999; Zubair and Garforth, 2006). So cial char ac ter is tics
of user groups of ten in flu ence the ex tent to which cul tural or com mer‐
cial val ues are as so ci ated with the for est, and thus in flu ence users’ per
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Fig. A5. Mar ginal ef fects of se cure prop erty rights on the prob a bil ity of sapling and seedling plant ing over user group sub sis tence non-de pen dency, at var i ous for est sizes, us ing or dered
lo gis tic mod els (Table A7 Mod els 1 and 2). All other ex plana tory vari ables are held at mean. In clud ing the ker nel den sity plot of sub sis tence non-de pen dency. Or dered de pen dent vari‐
able: 0-no plant ing, 1-oc ca sional plant ing, 2-re peated plant ing.

ceived in trin sic and ex trin sic in cen tives to plant. Valu ing ecosys tem
ser vices may also be mo ti vated by eco nomic in ter ests. In fact, the ex ist‐
ing lit er a ture sug gests that users of ten plant trees for the in stru men tal
rea sons re lated to the pro vi sion of ecosys tem ser vices (Beedell and
Rehman, 2000, 1999; Meijer et al., 2015; Zubair and Garforth, 2006;
Sood and Mitchell, 2004; McGinty et al., 2008; Etongo et al., 2015).
For ex am ple, landown ers around the Aus tralian rain for est planted trees
for creek bank sta bi liza tion and wind break ing; In the Aus tralian wheat
belt, wheat farm ers plant trees for the pur pose of con ser va tion and
salin ity mit i ga tion (Harrison et al., 2003; Smith, 2008). In Pak istan,
some small holder farm ers plant trees to con trol ero sion, pol lu tion, and
pro vide shade for an i mals (Zubair and Far forth, 2006). In Brazil and
Panama, farm ers who plant trees are mo ti vated by the amenity value
of trees and de sire to sus tain the amenity to fu ture gen er a tions
(Simmons et al., 2002).

How ever, most stud ies about for est use in less-de vel oped coun tries
also in di cate that the pri mary dri ver of user-ini ti ated tree plant ing is a
more di rect mo ti va tion of pur su ing of eco nomic in come from for est
prod ucts. Farm ers of ten use tree plant ing as a strat egy for liveli hood
change or di ver si fi ca tion when the com mer cial con di tions fa vor tree
prod ucts over other agri cul tural prod ucts. The mar ket con di tions for
wood prod ucts and fruits, per ceived sta bil ity of the mar ket, and ac cess
to mar ket are the most of ten men tioned mo ti va tions and dis cour age‐

ments to tree plant ing in de vel op ing na tions (Zubair and Garforth,
2006; Man aga bat et al., 2009; Ndayambaje et al., 2012; Jagger and
Pender, 2003; Etongo et al., 2015; Simmons et al., 2002; Bran calion et
al., 2016). There fore, we as sume that farm ers who are more re liant on
the for est for com mer cial rea sons, or farm ers who have ac cess to
forests of higher com mer cial val ues, per ceive stronger eco nomic in cen‐

tives to en gage in for est-im prove ment ac tiv i ties. Such eco nomic mo ti

va tion cap tures both the value of for est prod ucts and well as the in stru‐

men tal value of ecosys tem ser vices.
The ex ist ing lit er a ture also sug gests that spir i tual and other non-

eco nomic val ues drive farm ers’ tree plant ing. In In dia, one study found
that farm ers who are more re li gious are more likely to plant trees
(Sood et al., 2008). In the UK, farm ers with greater en vi ron men tal
aware ness are more likely to adopt agro forestry prac tices (Beedell and
Rehman, 1999, 2000). These find ings sug gests that farm ers and for est
users in both low-in come and high-in come coun tries are of ten mo ti‐
vated to plant trees based on their val ues re lated to con ser va tion and
spir i tu al ity.

2.2. Hypothesis 2: user groups with more secure de jure and de facto
property rights over local forest resources are more likely to undertake
planting activities

Hav ing se cure prop erty rights over for est re sources and prod ucts in‐

flu ences users’ con fi dence in re ceiv ing an eco nomic pay off from tree
plant ing. With out per ceived se cure prop erty rights, users will not be
able to en sure that fu ture ben e fits will be theirs to keep (Rahman et al.,
2017; Schuren and Snelder, 2008; Man aga bat et al., 2009; Etongo et
al., 2015; Simmons et al., 2002; Insaidoo et al., 2013). Com plete own‐

er ship of for est re sources by users are rare in the de vel op ing world
since most for est re sources are owned by na tional gov ern ments, even
where the land upon which forests grow are owned by com mu ni ties or
pri vate in di vid u als (FAO, 2014; RRI, 2014). The im pli ca tion of such
prop erty-rights regimes is that even if the land is ti tled and owned pri‐
vately by the lo cal users, such rights do not nec es sar ily grant them the
right to man age, har vest, or sell the prod ucts from the for est. Rec og niz‐

ing these dis tinct di men sions of prop erty rights, as first con cep tu al ized
by Schlager and Ostrom (1992), what ul ti mately in flu ences tree plant
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Table A1
Sum mary sta tis tics of de pen dent and ex plana tory vari ables. The sam ple dif fers be tween
mod els due to dif fer ences in miss ing ob ser va tions.

mean sd min max count

Dependent variables (seedling
planting)

Any seedling planting 0.35 0.48 0.00 1.00 208
Sustained seedling planting 0.17 0.38 0.00 1.00 208
Biophysical contexts
Forest size 26.70 63.34 0.01 400.00 208
Forest commercial value 0.66 0.94 −2.00 2.00 208
Social contexts
Sacred value for forest 0.22 0.42 0.00 1.00 208
Commercial dependency 0.30 0.40 0.00 1.00 208
Subsistence non-dependency 0.28 0.40 0.00 1.00 208
Social homogeneity (max) 0.57 0.25 0.16 1.00 208
Wealth equality 0.61 0.49 0.00 1.00 208
Institutional contexts
Secure property rights 0.82 1.14 0.00 3.00 208
Controls
External planting governance

support
0.92 0.98 0.00 4.00 208

External planting operational
support

0.67 0.77 0.00 3.00 208

Dependent variables (sapling
planting)

Any sapling planting 0.23 0.42 0.00 1.00 208
Sustained sapling planting 0.13 0.33 0.00 1.00 208
Biophysical contexts
Forest size 26.74 63.33 0.01 400.00 208
Forest commercial value 0.66 0.95 −2.00 2.00 208
Social contexts
Sacred value for forest 0.22 0.41 0.00 1.00 208
Commercial dependency 0.30 0.40 0.00 1.00 208
Subsistence non-dependency 0.29 0.40 0.00 1.00 208
Social homogeneity (max) 0.57 0.25 0.16 1.00 208
Wealth equality 0.62 0.49 0.00 1.00 208
Institutional contexts
Secure property rights 0.83 1.15 0.00 3.00 208
Controls
External planting governance

support
0.93 0.98 0.00 4.00 208

External planting operational
support

0.68 0.77 0.00 3.00 208

ing in forested land scapes may be the long-term se cu rity of the with‐

drawal rights for for est prod ucts, rather than gen eral ac cess and ex clu‐

sion rights to the for est land. Hav ing both de jure and de facto with‐

drawal rights over for est prod ucts means more se cure prop erty rights
than only de facto rights, and we pre dict that en joy ing such rights will
in crease the like li hood of user en gage ment in plant ing ac tiv i ties.

How ever, fu ture dis count rates and op por tu nity cost of us ing the re‐

for ested area for other pur poses also af fects the value that users as sign
to long-term pay offs as so ci ated with restora tion ac tiv i ties. Users may
value fu ture pay offs less be cause of im me di ate and un met sub sis tence
needs. Sev eral case stud ies di rectly men tion a lack of food se cu rity as a
ma jor rea son for not plant ing trees in agro forestry ini tia tives (e.g.
Rahman et al., 2017; Meijer et al., 2015; Man aga bat et al., 2009).
Users with un met short-term needs may be un able to af ford the op por‐
tu nity costs as so ci ated with the nona gri cul tural use of a land area that
would be set aside for for est re for esta tion ac tiv i ties. The size of the for‐
est or land avail able to users can en hance or re duce this op por tu nity
cost. For on-farm plant ing, farm ers with larger plots of land can af ford
to use a larger por tion of the land for plant ing trees with out com pro‐

mis ing the amount of land needed for short-term crops that can sat isfy
the house hold’s sub sis tence needs (Schuren and Snelder, 2008; Sood
and Mitchell, 2009; Frayer et al., 2014; Etongo et al., 2015). The same
mech a nism should also ap ply to plant ing in col lec tive forests and short-
term sub sis tence needs from the for est. Users who are less de pen dent
on the for est for sub sis tence needs, as well as users who have ac cess to
larger forests, have lower fu ture dis count rates and lower op por tu nity

Table A2
Ques tion naire items used for all vari ables.

Variable Operationalization

Any seedling
planting

Have individuals in this user group undertaken any of the
following management or regeneration activities, and if so, how
frequently? Planted seedlings? Planted trees?

Any sapling
planting

(0) Never done; (1) Rarely done; Done about every ten years;
Done about every five years; Done every several years; or Done
once a year

Sustained
seedling
planting

Have individuals in this user group undertaken any of the
following management or regeneration activities, and if so, how
frequently? Planted seedlings? Planted trees?

Sustained
sapling
planting

(0) Never done or Rarely done; (1) Done about every ten years;
Done about every five years; Done every several years; or Done
once a year

Forest size What is the size of the forest? Please write the area in terms of
hectares, or some local unit of area if area in hectares is not
known. If you use a local unit, find out how many local units of
area are equal to a hectare.

Forest
commercial
value

The commercial value of the forest is: (−2) Substantially above
normal; (−1) Above normal; (0) Normal; (1) Below normal; (2)
Substantially below normal

Sacred value
for forest

What are the cultural views of the individuals in this user group
about this forest? Most individuals see this forest as: (0)
Economic resource; (1) Sacred or Both

Commercial
dependency

How many individuals in this user group depend significantly on
this forest for their family income arising from commercial
activities? (Divided by the number of individuals in the user
group)

Subsistence
non-
dependency

How many individuals in this user group depend significantly on
this forest for their own subsistence? (Divided by the number of
individuals in the user group)

Social
homogeneity
(max)

Name the [ethnic] or [religious] or [castes (or other social
hierarchy that is specific to the country)] groups in the user
group and the number of individuals within each group.

Wealth
equality

Given the local definition of wealth, is there a great difference in
wealth among households (as locally defined) in the user group?
(0) No; (1) Yes

Secure
property
rights

What is the nature of the group's current legal claim to the
harvest or use of this forest product? (0) De jure (by right, as
established by law); De facto (as exists, not necessarily by legal
establishment); or Contrary to formal law (1) De jure and de
facto (they have a formal right and they are exercising it)

External
planting
governance
support

Place check mark(s) in the column(s) representing the activity or
activities that is/are undertaken and in the rows indicating the
levels at which this organization operates. Planting/other
maintenance. A1. Operational Activities. A2. Collective-Choice
Activities. A3. Constitutional-Choice Activities

External
planting
operational
support

 

costs. It fol lows, then, that groups with se cure har vest ing rights to im‐

por tant prod ucts are much more likely to en gage in tree plant ing ac tiv‐

i ties when they are less re liant on the for est for sub sis tence needs and
har vest from rel a tively large forests.

2.3. Hypothesis 3: socially and economically homogenous user groups are
more likely to undertake collective planting activities

To re al ize the long-run ben e fit of tree plant ing, user groups also
need to es tab lish ef fec tive re for esta tion gov er nance ca pa bil i ties
(Cernea, 1989). The pro vi sion and pro duc tion of for est im prove ment
ac tiv i ties to the user group is sim i lar to that of other pub lic goods such
as in fra struc ture (Ostrom et al., 1993). Case stud ies most of ten point
out the lack of col lec tive main te nance arrange ments as con trib u tors to
failed re for esta tion ef forts. For ex am ple, un con tained fires or pest in fes‐

ta tion across in di vid ual farm plots can de stroy planted tree seedlings in
shared for est ar eas (Simmons et al., 2002). One study ob served that
“nearly 30% of farm ers ex pe ri ence fire con ta gion from neigh bors”

(Simmons et al., 2002: 91; Meadows et al., 2014).
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Table A3
Chang ing prob a bil i ties of ob serv ing plant ing ac tiv i ties as the val ues of the in de pen dent
vari ables moves from its min i mum to max i mum.* Only sta tis ti cally sig nif i cant in de pen‐

dent vari ables are in cluded, ex clud ing vari ables in cluded in in ter ac tion terms. See Re sult
2 for the sub stan tive sig nif i cance of in de pen dent vari ables with in ter ac tion terms.

Predicted
probability at Min
value

Predicted probability
at Max value Difference

DV: Sustained seedling planting
External support in

governance
0.14 0.63 0.49

DV: Any sapling planting
Commercial

dependency on
forest

0.18 0.41 0.23

External support in
governance

0.17 0.59 0.32

DV: Sustained sapling planting
Commercial

dependency on
forest

0.07 0.29 0.22

External support in
governance

0.07 0.51 0.44

*All other variables at mode for binomial or ordinal variables, at mean for continuous
variables, and wealth inequality at 0.5.

Table A4
Pre dicted prob a bil i ties (95% Con fi dence in ter vals) of plant ing at weak, av er age and
strong en abling con texts.

Predicted
probability

CI
low

CI
high

Any seedling
planting

Weak enabling
context

0.35 0.12 0.58

Any seedling
planting

Average 0.4 0.19 0.60

Any seedling
planting

Strong enabling
context

0.52 0.12 0.92

Sustained seedling
planting

Weak enabling
context

0.08 −0.03 0.20

Sustained seedling
planting

Average 0.21 0.04 0.38

Sustained seedling
planting

Strong enabling
context

0.31 −0.04 0.67

Any sapling planting Weak enabling
context

0.12 −0.01 0.23

Any sapling planting Average 0.22 0.07 0.37
Any sapling planting Strong enabling

context
0.90 0.70 1.103

Sustained sapling
planting

Weak enabling
context

0.05 −0.01 0.11

Sustained sapling
planting

Average 0.06 −0.03 0.15

Sustained sapling
planting

Strong enabling
context

0.46 0-
0.02

0.93

Pre vi ous stud ies have shown that groups with users who are more
so cially and eco nom i cally ho mo ge neous are more likely to solve col lec‐

tive-ac tion dilem mas with out spe cial in sti tu tional arrange ments be‐

cause of higher de grees of com mon in ter ests and trust (Poteete and
Ostrom, 2004; Alesina et al., 1999; Habyarimana et al., 2007; Miguel
and Gugerty, 2005). Col lec tive ac tion is eas ier to achieve when in di vid‐

u als in the group have sim i lar pref er ences (Heckathorn, 1993; Vedeld,
2000) and when the trans ac tion costs of com mu ni ca tion and co op er a‐

tive strate gies are low (Habyarimana et al., 2007, 2009). Group het ero‐

gene ity can re fer to het ero gene ity in eco nomic or po lit i cal power
(Persha and Andersson, 2014; Vedeld, 2000) or in so cial val ues as so ci‐
ated with het eroge nous eth nic groups (Alesina et al., 1999), al though
the two types are of ten cor re lated. In the for est gov er nance lit er a ture
es pe cially, stud ies have found that both in tra-user group and in ter-user
group eco nomic in equal ity are as so ci ated with worse for est out comes

Table A5
Lo gis tic re gres sion re sults of mod els with fixed-ef fects, with stan dard er rors clus tered by
user group. Ex po nen ti ated co ef fi cients. Ob ser va tions in cer tain coun tries ex cluded due to
per fect mul ti collinear ity. * p < 0.05 ** p < 0.01 *** p < 0.001.

9.1 Robustness Checks

(1) (2) (3) (4)

Any
seed
planting

Sustained
seed
planting

Any
sapling
planting

Sustained
sapling
planting

Biophysical contexts
Forest size 1.01 1.01 1.00 1.02

(0.01) (0.01) (0.01) (0.01)
Forest commercial value 1.27 0.73 1.15 0.64

(0.36) (0.23) (0.30) (0.29)
Social contexts
Sacred value for forest 1.57 2.74 3.34* 5.99

(0.84) (1.78) (1.89) (7.10)
Commercial dependency 1.54 7.68 6.58** 81.91**

(1.34) (9.25) (4.70) (135.48)
Subsistence non-

dependency
1.75 15.76 2.39 51.83*

(1.74) (22.41) (2.59) (89.18)
Social homogeneity (max) 0.10* 0.54 1.53 4.48

(0.10) (0.74) (1.64) (10.73)
Wealth equality 0.74 0.87 0.75 1.79

(0.45) (0.63) (0.43) (1.48)
Institutional contexts
Secure property rights 1.06 6.23** 0.87 2.49

(0.27) (3.56) (0.62) (2.73)
Interaction terms
Secure property

rights × Forest size
1.01* 1.01 1.01 1.03

(0.00) (0.01) (0.01) (0.02)
Secure property

rights × Subsistence
non-dependency

0.88 0.10** 2.89 0.57

(0.46) (0.08) (2.38) (0.69)
Forest size × Subsistence

non-dependency
0.99 0.98 0.98* 0.74

(0.01) (0.01) (0.01) (0.12)
Controls
External support in

planting governance
1.63 4.06** 2.72* 7.46**

(0.52) (2.09) (1.34) (4.88)
External support in

planting operation
0.87 0.37* 0.68 1.10

(0.32) (0.19) (0.42) (0.90)
Country intercepts
Guatemala 351.45*** 4.08 263.67*

(624.63) (6.48) (608.55)
Indonesia 0.86 4.74 0.59 11.99

(0.77) (5.63) (0.57) (22.00)
Kenya 0.55 7.84 0.55 3.03

(0.45) (9.11) (0.52) (6.49)
Madagascar 0.17 3.29 2.51

(0.25) (3.44) (4.88)
Nepal 2.60 0.43 0.04* 0.04*

(2.28) (0.58) (0.05) (0.05)
Tanzania 0.10 3.46

(0.18) (6.56)
Uganda 0.01*** 0.04*

(0.02) (0.06)
N 200.00 133.00 201.00 144.00
AIC 192.09 129.39 154.54 83.45
BIC 258.05 184.30 220.61 139.88
Biophysical contexts
Forest size 1.01 1.01 1.00 1.02

(0.01) (0.01) (0.01) (0.01)
Forest commercial value 1.27 0.73 1.15 0.64

(0.37) (0.24) (0.25) (0.32)
Social contexts
Sacred value for forest 1.57 2.74 3.34* 5.99

(0.79) (1.74) (1.73) (8.42)
Commercial dependency 1.54 7.68 6.58** 81.91
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Table A5 (Continued)

9.1 Robustness Checks

(1) (2) (3) (4)

Any
seed
planting

Sustained
seed
planting

Any
sapling
planting

Sustained
sapling
planting

(1.58) (9.01) (4.35) (185.72)
Subsistence non-

dependency
1.75 15.76** 2.39 51.83*

(1.72) (16.83) (2.43) (97.65)
Social homogeneity (max) 0.10* 0.54 1.53 4.48

(0.11) (0.72) (1.66) (9.18)
Wealth equality 0.74 0.87 0.75 1.79

(0.52) (0.70) (0.59) (1.56)
Institutional contexts
Secure property rights 1.06 6.23** 0.87 2.49

(0.24) (3.70) (0.70) (2.39)
Interaction terms
Secure property

rights × Forest size
1.01* 1.01 1.01 1.03

(0.00) (0.01) (0.01) (0.02)
Secure property

rights × Subsistence
non-dependency

0.88 0.10*** 2.89 0.57

(0.50) (0.06) (2.74) (0.57)
Forest size × Subsistence

non-dependency
0.99 0.98* 0.98* 0.74

(0.01) (0.01) (0.01) (0.14)
Controls
External support in

planting governance
1.63* 4.06** 2.72* 7.46**

(0.38) (1.96) (1.18) (4.65)
External support in

planting operation
0.87 0.37 0.68 1.10

(0.32) (0.19) (0.42) (0.85)
Country intercepts
Guatemala 351.45*** 4.08 263.67*

(584.28) (5.79) (699.94)
Indonesia 0.86 4.74 0.59 11.99

(0.78) (5.11) (0.45) (21.46)
Kenya 0.55 7.84 0.55 3.03

(0.47) (10.22) (0.43) (6.50)
Madagascar 0.17 1.00 3.29 2.51

(0.27) (.) (3.16) (5.07)
Nepal 2.60 0.43 0.04* 0.04*

(2.14) (0.67) (0.05) (0.05)
Tanzania 0.10 3.46

(0.17) (5.70)
Uganda 0.01*** 0.04*

(0.02) (0.05)
N 200.00 133.00 201.00 144.00
AIC 192.09 129.39 154.54 83.45
BIC 258.05 184.30 220.61 139.88

(Andersson and Agrawal, 2011; Torpey-Saboe et al., 2015). A study in
Nepal found that eth nic ho mo gene ity to be linked to bet ter for est out‐
comes in terms of higher car bon and more bio di ver sity in com mu nity
forests (Newton et al., 2016).

2.4. Hypothesis 4: user groups are much more likely to undertake forest
improvement activities when a combination of favorable contextual factors
are in place

While we ex pect of the so cioe co nomic, bio phys i cal and in sti tu tional
con tex tual fac tors to have a di rect and in de pen dent ef fect on the like li‐
hood of users un der tak ing for est im prove ment ac tiv i ties, we also ex‐

pect that this like li hood to in crease the most when a com bi na tion of
these fac tors is pre sent si mul ta ne ously. We use our re gres sion es ti mates
to model “ideal types” sce nar ios through which we ex plore what is
likely to hap pen to col lec tive plant ing ac tiv i ties when a com bi na tion of
en abling con trac tual fac tors are in place.

Table A6
Lo gis tic re gres sion re sults of main mod els with ran dom ef fects, ex clud ing ob ser va tions
with for est sizes more than two de vi a tions from mean. Ex po nentiated co ef fi cients.
p < 0.05 ** p < 0.01 *** p < 0.001).

(1) (2) (3) (4)

Any
seed
planting

Sustained
seed
planting

Any
sapling
planting

Sustained
sapling
planting

Biophysical contexts
Forest size 1.00 1.01 1.01 1.01

(0.01) (0.01) (0.01) (0.01)
Forest commercial value 1.27 0.69 1.15 0.73

(0.30) (0.24) (0.32) (0.35)
Social contexts
Sacred value for forest 1.37 2.80 2.97 3.42

(0.69) (1.87) (1.68) (3.27)
Commercial dependency 1.01 4.21 5.59* 30.47*

(0.72) (4.29) (3.85) (42.01)
Subsistence non-

dependency
1.71 22.37* 3.09 20.84

(1.35) (30.80) (2.86) (36.68)
Social homogeneity (max) 0.19 0.74 4.23 6.91

(0.18) (0.94) (4.76) (13.28)
Wealth equality 0.74 0.93 0.80 1.42

(0.35) (0.63) (0.43) (1.20)
Institutional context
Secure property rights 1.08 4.68** 0.77 1.16

(0.27) (2.73) (0.37) (1.13)
Interaction terms
Secure property

rights × Forest size
1.01 1.01 1.02 1.03

(0.01) (0.01) (0.01) (0.02)
Secure property

rights × Subsistence
non-dependency

1.19 0.13* 3.65* 1.29

(0.66) (0.11) (2.36) (1.60)
Forest size × Subsistence

non-dependency
0.96 0.83 0.94 0.77

(0.04) (0.12) (0.04) (0.15)
Controls
External support in

planting governance
1.70 3.16* 2.09* 4.19*

(0.54) (1.48) (0.77) (2.63)
External support in

planting operation
0.89 0.58 0.75 1.08

(0.30) (0.30) (0.33) (0.75)
N 201.00 201.00 201.00 201.00
AIC 205.03 142.39 165.02 97.44
BIC 254.58 191.94 214.57 146.99

3. Data and methods

To test the hy poth e sized ef fect of the con tex tual fac tors, we em ploy
orig i nal field data from 184 user groups and their use of for est prod‐

ucts in 133 forests in eight dif fer ent de vel op ing coun tries. Table 1 sum‐

ma rizes the sam ple by dis play ing the num ber of user groups, forests
and user group-for est pair ings for each county. Our dataset in cludes
ob ser va tions from sites in Bo livia (n = 23), Guatemala (n = 9), In dia
(n = 18), Kenya (n = 38), Mada gas car (n = 18), Nepal (n = 41), Tan‐

za nia (n = 10) and Uganda (n = 57) . The data come from a co or di‐
nated data col lec tion ef fort by the In ter na tional Forestry Re sources and

The dataset used for analysis excluded sites in Brazil, Thailand, and USA because
these sites were used for training purposes rather than comparative research about
community forests and therefore used a different set of criteria for selecting local sites.
Sites in Ethiopia, Bhutan, and Honduras were also excluded because of the very small
numbers of sites in each of these countries (<4).
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Table A7
Or dered lo gis tic re gres sion mod els with ran dom ef fects and or dered de pen dent vari ables
(0-no plant ing, 1-oc ca sional plant ing, 2-re peated plant ing). Ex po nen ti ated co ef fi cients.
p < 0.05 ** p < 0.01 *** p < 0.001).

(1) (2)

Level of seedling
planting

Level of sapling
planting

Biophysical contexts
Forest size 1.01 1.01

(0.01) (0.01)
Forest commercial value 1.18 1.00

(0.25) (0.28)
Social contexts
Sacred value for forest 1.71 2.78

(0.79) (1.51)
Commercial dependency 1.70 8.24**

(1.18) (5.75)
Subsistence non-dependency 2.16 3.25

(1.63) (2.95)
Social homogeneity (max) 0.16* 2.78

(0.14) (2.99)
Wealth equality 0.86 0.97

(0.38) (0.50)
Institutional context
Secure property rights 1.32 1.03

(0.27) (0.45)
Interaction terms
Secure property rights x Forest size 1.01 1.01

(0.01) (0.01)
Secure property rights × Subsistence

non-dependency
0.61 1.96

(0.27) (1.09)
Forest size × Subsistence non-

dependency
0.99 0.97**

(0.01) (0.01)
Controls
External support in planting

governance
1.85* 3.05**

(0.51) (1.16)
External support in planting operations 0.79 0.62

(0.22) (0.27)
N 208.00 208.00
AIC 295.00 216.63
BIC 348.40 270.03

In sti tu tions (IFRI) pro gram, col lected us ing com mon pro to cols across
coun tries and sites, and pur po sively sam pled .

The dataset in cludes for est user char ac ter is tics, user group’s re la‐

tion ships with spe cific forests, and bio phys i cal char ac ter is tics of each
forests, where each for est user group could have ac cess to mul ti ple
forests. Where a site was vis ited more than once, we only used the data
col lected from the first visit. IFRI de fines a user group as “a group of
peo ple who har vest from, use, and/ or main tain a for est or forests […]
who share the same rights and du ties to prod ucts from the for est(s),
even though they may or may not be for mally or ga nized “(IFRI field

IFRI sites are broadly representative of forests in human-dominated landscapes
throughout the tropics which are outside of the three large contiguous tropical forest
areas (Congo Basin forests in Central Africa, the Amazon Basin across nine Latin
American countries, and Borneo across Indonesia and Malaysia). IFRI sites are selected to
be representative of the range of forest management regimes that exist in a given
country, to ensure variation on hypothesized causal variables, and with a clear
knowledge that sites must not be selected on the basis of the primary outcome of interest-
sustainable management of forests (e.g. the condition of the forests, successful collective
action for forest management and restoration). What this means is that rather than a
random sample, IFRI relies on a purposive sampling strategy that seeks to create
meaningful variation on the variables related to local institutional variables, including
property rights, norms, rules, and strategies related to interactions with forest resources,
without any regard to outcomes. Because our sample is a purposive sample, care should
be taken before generalizing the results beyond the range of independent variable values
in the sample (See Persha et al. (2011) for a detailed discussion on IFRI sampling and
implications for analysis).

manual, 2011, II-3). The de f i n i tion of a for est is “a sur face area with
woody veg e ta tion of at least 0.5 ha, ex ploited by at least three house‐

holds, and gov erned over all by the same le gal struc ture” (IFRI field
manual, 2011, II-1). A for est can be used by mul ti ple users, and a user
group can use mul ti ple forests. IFRI col lected in for ma tion on user
group-to- for est re la tion ships, char ac ter iz ing the re la tion ship be tween
each user group and each of the forests that it ac cesses. Our de pen dent
vari able of in ter est is the user group’s plant ing ac tiv i ties in a spe cific
for est (each with par tic u lar bio phys i cal char ac ter is tics), thus our unit
of analy sis is the for est-to-user-group re la tion ship. For ex am ple, if a
user group has ac cess to two for est as de fined by IFRI, the user group’s
re la tion to each for est is con sid ered as two sep a rate units of analy sis.

3.1. Dependent variables

To in ves ti gate how con tex tual fac tors af fect the like li hood of for est
users de cid ing to un der take for est restora tion ac tiv i ties, we treat ob ser‐

va tional data on users’ tree-plant ing ac tiv i ties (both the plant ing of
tree seedlings and tree saplings) for re gen er a tion pur poses as anal o gous
to gen eral for est restora tion ac tiv i ties. The ques tion asked in the data
col lec tion pro to col was “Have in di vid u als in this user group un der‐

taken any of the fol low ing man age ment or re gen er a tion ac tiv i ties, and
if so, how fre quently? a) Planted seedlings? b) Planted trees?”. Be cause
ef fec tive for est re gen er a tion is a long-term com mit ment with many ac‐

tions re peated over a long pe riod of time, in ves ti gat ing the en abling
con tex tual fac tors of sus tained im prove ment ac tiv i ties is par tic u larly
im por tant. There fore, we con structed sep a rate mea sure ments for any
plant ing ac tiv i ties at all and re peated plant ing ac tiv i ties. If the user
group had done any (oc ca sional to re peated) seedlings or saplings
plant ing, (in clud ing “Rarely done”, “Done about every ten years”,
“Done about every five years”, “Done every sev eral years” and “Done
once a year”), we con structed a dummy vari able called “any seedling
plant ing” or “any sapling plant ing” re spec tively. If the user group had
reg u larly and re peat edly planted seedlings or saplings in the past
(rang ing from “Done once every ten years” to “Done once a year”), we
con structed a dummy vari able called “sus tained seedling plant ing” or
“sus tained sapling plant ing” re spec tively. The his togram of sam pled
user groups’ seedling and sapling plant ing fre quency (from which our
de pen dent vari ables are con structed from) are dis played in Fig. A1 in
the Ap pen dix.

We chose to an a lyze the as so ci a tions be tween con tex tual fac tors
and the plant ing of seedlings and saplings sep a rately be cause this dis‐

tinc tion is im por tant for our the o ret i cal ar gu ment about the vary ing
eco nomic costs of dif fer ent plant ing ac tiv i ties. Al though users may con‐

sider en vi ron men tal or species con cerns when choos ing be tween
seedlings and saplings, the cost dif fer ence be tween these two al ter na‐

tives is of ten sub stan tial (saplings usu ally cost at least twice as much as
seedlings). The pur chase, trans port, and plant ing costs for saplings are
much higher than for seedlings, mak ing its im me di ate cost bar rier
higher for most users.

3.2. Independent variables

Our key ex plana tory vari ables in clude user groups’ sa cred and eco‐

nomic val ues of the for est, se cu rity of prop erty rights over for est prod‐

ucts, de pen dence on for est for sub sis tence needs, for est size, as well as
so cial and wealth ho mo gene ity within user groups. We mea sure sa cred
value of the for est with a dummy vari able in di cat ing whether most in‐

di vid u als in the user group sees the for est as sa cred, in clud ing cases

As a robustness check, we also ran the models with a collapsed measure of any
planting of seedling or saplings as the dependent variable. The results are similar, except
that the collapsed measure resulted in a much wider confidence interval for the
moderating effect of subsistence dependency.
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where user group sees the for est both as sa cred and as an eco nomic re‐

source. We mea sure eco nomic value that the user group places on the
for est with the pro por tion of in di vid u als in the user group that rely on
the for est for com mer cial ac tiv i ties. We de fine the level of se cured
prop erty rights by the num ber of the user groups’ three main for est
prod ucts to which the users hold both de jure and de facto prop erty
rights. A body of lit er a ture on land rights sug gests that prop erty rights
are se cured only when de jure and de facto rights are aligned with one
an other (Torpey-Saboe et al., 2015).

We mea sured non-de pen dence on for est for sub sis tence by the pro por‐
tion of in di vid u als in the user group that is not de pen dent on the for est
for sub sis tence needs. For est size is mea sured in hun dreds of hectares
(ha). For est com mer cial value is also de ter mined by the forester, mea‐

sured on a five-point scale with zero be ing nor mal, 2 be ing sub stan‐

tially above nor mal, and -2 be ing sub stan tially be low nor mal. In ad di‐
tion to forester-de ter mined for est com mer cial value, we in clude a mea‐

sure of the pro por tion of in di vid u als in the user group that is de pen dent
on the for est for com mer cial needs. We mea sure so cial ho mo gene ity by cal‐
cu lat ing an eth nic frac tion al iza tion in dex, a Herfind ahl con cen tra tion
in dex that rep re sents the prob a bil ity that any ran dom two peo ple in
the group will be of dif fer ent so cial groups. We re versed the in dex to
re flect the en abling con text of ho mo gene ity in stead of het ero gene ity.
The frac tion al iza tion in dex was cal cu lated with eth nic, re li gious and
caste com po si tion of the user group sep a rately. The min i mum value
(the most het eroge nous) of the three types of so cial groups was used as
the op er a tional in di ca tor of so cial het ero gene ity. We also cal cu lated a
dummy vari able for wealth ho mo gene ity in di cat ing whether there is no
great dif fer ence in wealth among users in the group.

We con trol for ex ter nal in ter ven tions in the op er a tional level and
gov er nance of plant ing ac tiv i ties as they also af fect the mo ti va tions and
col lec tive ac tion ca pa bil i ties of lo cal users. We mea sured ex ter nal sup‐

port in gov er nance by the num ber of ex ter nal au thor i ties that sup port
for est plant ing at the col lec tive-choice and con sti tu tional choice level,
and ex ter nal sup port in op er a tions by the num ber of ex ter nal au thor i ties
that sup port plant ing at the op er a tional level. Ex ter nal au thor i ties in‐

clude for eign gov ern ment aid agen cies, non-for est agen cies of na tional
or state gov ern ments, for est agen cies of na tional or state gov ern ment,
for-profit re gional, na tional or multi na tional firms, com pa nies, or cor‐

po ra tions, as well as not-for-profit, pri vate, vol un tary re gional, na tional
and multi na tional or ga ni za tions.

Table A1 in Ap pen dix dis plays the sum mary sta tis tics of each vari‐
able, Table A2 in Ap pen dix dis plays the sur vey ques tion used to con‐

struct the vari ables. About 38% of the user group-for est pairs un der‐

take any seedling-plant ing ac tiv i ties, and 24% any sapling-plant ing ac‐

tiv i ties. About 18% of user group-for est pair ings un der take sus tained
seedling plant ing, and 12% sus tained sapling-plant ing. Since saplings
are more ex pen sive than seedlings, it is not sur pris ing that more groups
plant seedlings com pared to the num ber of groups plant ing saplings.
Over all, in about 40% of all ob ser va tions, groups un der took any plant‐
ing of seedling or saplings (in clud ing those who sus tained plant ing),
and 18% un der took sus tained plant ing of seedling or saplings.

To test our hy poth e sis, we use lo gis tic re gres sion and al low the in‐

ter cept to vary ran domly by coun try. A vary ing-in ter cept model cap‐

tures un ob serv able macro so cial, eco nomic and po lit i cal set tings, such
as “eco nomic de vel op ment, de mo graphic trends, po lit i cal sta bil ity, gov‐

ern ment re source poli cies, mar ket in cen tives, me dia or ga ni za tion”

(Ostrom, 2009), that may af fect user groups’ for est use, in clud ing the
like li hood of in vest ing in for est im prove ment ac tiv i ties. We also in‐

clude in ter ac tions of se cured prop erty rights and non-sub sis tence de‐

pen dency, se cured prop erty rights and for est size, and non-sub sis tence
de pen dency and for est size to model the mod er at ing ef fect of non-sub‐

sis tence de pen dency and for est size on se cured prop erty rights in our
sec ond hy poth e sis. Through a like li hood-ra tio test, we con firm that the
in clu sion of the in ter ac tion vari ables bet ter fits the ob served data than
with out. We es ti mated sep a rate mod els for each de pen dent vari able of

(1) seedling plant ing, (2) sus tained seedling plant ing, (3) sapling plant‐
ing, and (4) sus tained sapling plant ing.

4. Results

Our re sults sup port our hy pothe ses re gard ing the en abling po ten tial
of sev eral bio phys i cal, so cial, and in sti tu tional fac tors. These en abling
con tex tual fac tors have a stronger ef fect on the more costly plant ing
ac tiv i ties, such as sus tained seedling, and any or sus tained sapling-
plant ing ac tiv i ties. Table 2 shows the re sults of the lo gis tic re gres sion
mod els, with co ef fi cients dis played as odds-ra tios, and Table A3 in the
An nex pre sents changes in the pre dicted prob a bil i ties for plant ing ac‐

tiv i ties at dif fer ent val ues of all sig nif i cant in de pen dent vari ables, hold‐

ing all other vari ables con stant.  Our main find ings are that: (1) User
groups who use for est re sources pri mar ily for com mer cial pur poses are
more likely to un der take any sapling-plant ing ac tiv i ties; (2) Sub sis tence
non-de pen dent user groups who en joy se cure prod uct prop erty rights
in larger forests are more likely to carry out oc ca sional and sus tained
plant ing of both seedlings and sapling; ) (3) The prob a bil ity of users in‐

vest ing in any sapling plant ing ac tiv i ties in creases sig nif i cantly when a
com bi na tion of sev eral en abling con tex tual con di tions are pre sent.

4.1. User groups that use forest resources primarily for commercial
purposes are more likely to undertake any sapling planting activities

User groups who place greater com mer cial value on the for est—
who are more de pen dent on the for est for com mer cial pur poses—are
more likely to un der take any and sus tained sapling plant ing ac tiv i ties.
The ef fect on sus tained plant ing is larger than any plant ing. The com‐

mer cial value of the for est as as sessed by a third-party forester has no
ef fect on the like li hood of user-ini ti ated for est im prove ment, sug gest ing
that it is not for est char ac ter is tics, but the users’ re la tion ship with the
for est that af fects tree plant ing be hav ior. Table A3 in the Ap pen dix
shows the dif fer ence in the like li hood of plant ing be tween when the in‐

de pen dent vari able is at its min i mum and its max i mum val ues, hold ing
all other vari ables con stant at their means or modes (de pend ing on
whether the vari able is con tin u ous or or dered). The prob a bil ity of any
sapling plant ing in creases by 23 per cent age points as the com mer cial
de pen dence vari able changes from its min i mum value (0) to its max i‐
mum value (1). The prob a bil ity of sus tained sapling plant ing in creases
by 22 per cent age points. The ef fect of sa cred value is not con sis tently
sta tis ti cally sig nif i cant for any of the de pen dent vari ables.

4.2. Users enjoying secure property rights over forest products are more
likely to carry out planting of both seedlings and trees. This effect is
moderated by forest size and user group subsistence non- dependency

Users who en joy se cure prop erty rights to the most im por tant prod‐

ucts from the forests that they ac cess –that is they hold both de jure
and de facto rights to har vest these prod ucts –are much more likely to
de cide to in vest their time and ef fort to carry out col lec tive plant ing of
seedlings and saplings. While the vari able for se cure prop erty rights
does have a sig nif i cant ef fect for sus tained seedling plant ing and

To account for the clustering caused by user groups that depend on multiple forests,
or by sites for user-groups-forests in the same site, we also ran a robustness check with
country fixed-effects and clustered errors at the user-group and site level separately, with
a smaller sample as some countries have observation numbers that are too small to
compare strictly within. The results are similar to the main models. These fixed-effects
results are included in Appendix Table A5. We also conducted robustness checks
excluding observations of forest size outliers, and a ordered logit model, seperately.
Results are comparable and included in Appendix Table A6 and Table A7.

We set the wealth inequality variable, measured as a dummy, at 0.5, for about an
equal amount of user groups has unequal and equal wealth within individuals in the user
group
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sapling plant ing in the mod els with out in ter ac tion terms (Table 2 Mod‐

els 3, 5 and 7), a more nu anced story about the ef fects of prop erty
rights emerges when we con sider how other con tex tual vari ables af fect
this re la tion ship. We the o rized that the im por tance of se cure prop erty
rights will likely de pend on the size of the for est as well on the de gree
to which the users de pend on the for est for their sub sis tence needs
(which also prox ies the users’ dis count rates and op por tu nity costs).
The re sults sup port these in ter ac tion ef fects (Table 2 Mod els 2, 4, 6 and
8). Be cause the mag ni tude and sta tis ti cal sig nif i cance of in ter ac tion ef‐
fects across the ranges of vari ables in non-lin ear mod els are dif fi cult to
in ter pret from the re gres sion co ef fi cients alone (Ai and Norton, 2003;
Franzese and Kam, 2008), we cal cu lated the mar ginal ef fect of se cured
prop erty rights across vary ing de grees of user group de pen dence on
forests for sub sis tence, and across dif fer ent for est sizes. Fig. 1 plots the
mar ginal ef fect of se cured prod uct rights on any sapling plant ing, for
non-sub sis tence de pen dency with av er age for est size and for forests
one stan dard de vi a tion above the mean size. The mar ginal ef fect plots
of mod els for all de pen dent vari ables and over a larger range of for est
sizes are dis played in Fig. A4 in the An nex. The mar ginal ef fect plots
for the or dered logit mod els are in cluded in An nex, Fig. A5.

For user groups with forests of av er age size (around 2700 ha), se‐

cure prod uct prop erty rights in crease the like li hood of any sapling-
plant ing when the user group has lit tle de pen dency on for est for sub sis‐

tence needs. As for est size in creases, the op por tu nity cost de creases,
and se cure tenure be comes more im por tant as a con di tion ing fac tor to
plant ing. Hav ing prop erty rights over one more of its main for est prod‐

ucts in creases the prob a bil ity of any plant ing of tree saplings by 8–17
per cent age points for groups with more than half of their mem bers not
sub sis tence-de pen dent. User group prop erty rights over all three main
for est prod ucts in creases the prob a bil ity of any plant ing of trees by 24–

51 per cent age points. User groups that (1) have at least 20% of mem‐

bers not de pen dent on forests for their sub sis tence needs; (2) en joy se‐

cure prop erty rights to at least one for est prod uct, and (3) are us ing
larger forests (one stan dard de vi a tion above mean for est size around
8900 ha), are 18–20 per cent age points more likely to plant trees., For
very large forests (two to three stan dard de vi a tions above the mean
size—15,200 to 21,500 ha), sub sis tence de pen dency on the for est no
longer mod er ates the ef fect of se cure prop erty rights on any tree plant‐
ing. The ef fect of prop erty rights is even stronger, how ever, as the for‐
est size in creases –an ef fect in crease of 21–25 per cent age points (see
Fig. A2 in the Ap pen dix). The re sults are sim i lar for any plant ing of
seedlings, ex cept that the mod er at ing ef fect of non-sub sis tence de pen‐

dency is not sta tis ti cally sig nif i cant.
Se cure prop erty rights over for est prod ucts also in crease the prob a‐

bil ity of sus tained plant ing, but only in larger forests. When the user
group uses a for est over one stan dard de vi a tion larger than the mean
size, hav ing se cure prop erty rights for one of its main prod ucts in‐

creases the prob a bil ity of sus tained sapling and seedling plant ing by
about 13–20 per cent age points (see Fig. A3 in the Ap pen dix). The en‐

abling ef fect of larger forests is es pe cially strong for users who are
more de pen dent on the for est for sub sis tence needs.

4.3. The probability of users investing in any sapling- planting activities
increases significantly when users enjoy a combination of several enabling
conditions

To es ti mate how the pres ence of a com bi na tion of en abling con tex‐

tual fac tors af fects the pre dicted prob a bil ity of users un der tak ing for est
im prove ment ac tiv i ties, we use our es ti mated re gres sion co ef fi cients to

While we find that large forests sizes significantly enable users to undertake any
planting and sustained planting, the number of observations of large forests in our
sample is small. Only 10% of the 213 observations in our sample have forests larger than
one standard deviation from the mean.

cal cu late the com bined ef fect of three main in de pen dent vari ables that
we found to have a sta tis ti cally sig nif i cant ef fect in the four mod els
(p < 0.05). As few forests in our sam ple ex ceed the size of one stan‐

dard de vi a tion above the mean, we cal cu lated these pre dicted prob a bil‐
i ties hold ing forests and other con trol vari ables con stant at their
means. The three con tex tual fac tors that we var ied in this analy sis are:
(1) se cured prop erty rights; (2) user group non-de pen dency on forests
for their sub sis tence needs (and its in ter ac tion with for est size); (3) and
the de gree of users’ com mer cial de pen dency on the for est.

Fig. 2 show the pre dicted prob a bil ity of any sapling-plant ing for an
av er age-sized for est, un der three dif fer ent tree-plant ing sce nar ios: (1)
weak en abling con text (in which all sig nif i cant in de pen dent vari ables
are kept at their min i mum val ues), (2) an av er age en abling con text
(sig nif i cant in de pen dent vari ables are kept at their av er age val ues),
and (3) a strong en abling con text (sig nif i cant in de pen dent vari ables are
kept at their max i mum val ues). The nu mer i cal val ues of the pre dicted
prob a bil i ties and con fi dence in ter vals are dis played in An nex Table A4.
When a com bi na tion of these en abling con tex tual fac tors changes from
a “weak en abling con text” to “av er age en abling con text” to a “strong
en abling con text”, the prob a bil ity of any sapling-plant ing in creases sig‐

nif i cantly. The prob a bil ity of any sapling-plant ing in creases from 0.12
to 0.22 to 0.90 re spec tively, an over all in crease of 78 per cent age
points. How ever, the sta tis ti cally sig nif i cant in crease in pre dicted prob‐

a bil i ties of a weak to strong en abling con text is only pre sent for any
sapling plant ing, and not for the other de pen dent vari ables.

It is also worth not ing the sig nif i cance of the ef fect of ex ter nal sup‐

port for plant ing gov er nance on the prob a bil ity of user group un der tak‐

ing more costly plant ing ac tiv i ties such as sus tained seedling, any
sapling and sus tained sapling plant ing. This re sult is con sis tent with
pre vi ous stud ies that found the link be tween lo cal groups to ex ter nal
or ga ni za tions to aid lo cal col lec tive ac tion through serv ing the role of a
third-party mon i tor to avoid free-rid ers and lo cal elite cap ture (An der‐
s son and Os trom, 2008; An der s son 2013; Os trom, Schroeder and
Wynne, 1993; Cox, Arnold and Tomas, 2010; Wright et al 2016;
Per sha and An der s son, 2013; An der s son et al., 2018a). The ef fect is
par tic u larly strong for sus tained tree-plant ing, the costli est of all for est
im prove ment ac tiv i ties in our data. With all other vari ables held con‐

stant, user groups with ex ter nal sup port are about twice as likely to un‐

der take any sapling-plant ing and sus tained seedling-plant ing, and 4.5
times more likely to un der take sus tained sapling-plant ing com pared to
user group-for est pairs with out ex ter nal sup port. An other fac tor that
we ex pected to af fect col lec tion ac tion is so cial and eco nomic ho mo‐

gene ity. How ever, con trary to our hy poth e sis, we find no quan ti ta tive
ev i dence in sup port of such vari ables be ing as so ci ated with col lec tive
for est im prove ment ac tiv i ties.

5. Discussion

Our re sults sup port the claim that sev eral con tex tual fac tors—in‐

clud ing in sti tu tional, so cial, and bio phys i cal con texts –af fect the like li‐
hood of user groups car ry ing out costly col lec tive for est im prove ment
ac tiv i ties. What ex plains these pat terns? Why do these con tex tual vari‐
ables mat ter for for est restora tion ac tiv i ties, such as tree plant ing? Here
we dis cuss pos si ble in ter pre ta tions of our re sults.

Our re sult sug gests that cer tain con tex tual fac tors in flu ence the
users’ per ceived long-term value of their use of for est re sources in de‐

pen dently from ex ter nal in ter ven tions. These fac tors in flu ence in di vid‐

ual users’ pref er ences and mo ti va tions for in vest ment in fu ture for est
prod ucts. The per cep tions are re lated to the ex tent to which the users’

value and dis count the ben e fit of any fu ture ben e fits re lated to for est
use, in clud ing the com mer cial de pen dency on for est prod ucts and se‐

cure prop erty rights, as well as con strain ing fac tors of sub sis tence de‐

pen dency and small for est size that in flu ence the users’ op por tu nity
costs. Con sis tent with the lit er a ture on on-farm tree plant ing, our re‐

sults sug gest that users are mo ti vated to plant pri mar ily for com mer cial
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rea sons. We find that the users’ com mer cial de pen dency on the for est
rather than for est-prod uct val ues dri ves this mo ti va tion. More over,
users with se cure prop erty rights can be more cer tain that they will be
able to re al ize the long-term ben e fits of tree plant ing and for est
restora tion. On the other hand, the eco nom i cally dis ad van taged users
who strug gle to meet some of their cur rent, ba sic liveli hood needs are
likely to dis count the value of ben e fits that will ma te ri al ize only in the
dis tant fu ture. Sub sis tence de pen dency, as well as for est size, also cap‐

ture in di rectly users’ per cep tion of the op por tu nity costs as so ci ated
with un der tak ing for est im prove ment ac tiv i ties. For ex am ple, users
who de pend on the for est for im me di ate sub sis tence needs and only
have ac cess to smaller forests would be more re luc tant to sup port
restora tion ac tiv i ties if they per ceive that these con strain their abil ity
to con tinue us ing the for est to meet their im me di ate sub sis tence needs
(e.g. grow crops, col lect fu el wood) on the for est land ded i cated to
restora tion ac tiv i ties.

The find ing that so cial con text con di tions the pos i tive ef fect of bio‐

phys i cal and in sti tu tional fac tors is es pe cially sig nif i cant for pol icy de‐

sign and eval u a tion. It sug gests that analy ses which only ex am ine the
in de pen dent ef fect of in sti tu tional or bio phys i cal fac tors may falsely
con clude a null ef fect or ob tain a bi ased ef fect size. For ex am ple, our
analy sis shows that while se cure prop erty rights en able users to un der‐

take sus tained for est im prove ment ac tiv i ties, we may not see the en‐

abling ef fect of prop erty rights in highly sub sis tence-based com mu ni‐
ties due to higher fu ture dis counts and op por tu nity costs. The im pli ca‐

tion is that the ef fect of prop erty rights on for est restora tion ac tiv i ties
is highly con text de pen dent.

Our analy sis has sev eral lim i ta tions. First, our use of cross-sec tional
ob ser va tional data con strains our analy sis be cause our ob ser va tional
data is from one point in time per site –it does not in clude ob ser va tions
over time, which means that our analy sis is merely cor re la tional at this
point. Sec ond, we can not be cer tain that all con tex tual fac tors are com‐

pletely ex oge nous to the user groups’ for est im prove ment ac tiv i ties.
Col lec tive for est im prove ment ac tiv i ties may fur ther re in force col lec‐

tive ac tion or in flu ence per ceived ben e fits and costs of plant ing that
are cap tured by the con tex tual fac tors, caus ing en do gene ity. For ex am‐

ple, user groups may ex pand their com mer cial ac tiv i ties based on cer‐
tain non-tim ber for est prod ucts be cause their for est im prove ment ef‐
forts have in creased sup ply of those prod ucts. In creased eco nomic well‐
be ing from for est im prove ment may also al le vi ate the user group’s sub‐

sis tence de pen dency on the for est. Gov er nance ini tia tives for man ag ing
for est im prove ment ef forts may in crease the col lec tive ac tion ca pa bil ity
of user groups, which in turn may en able them to ob tain other in sti tu‐

tional sup port such as more se cure prop erty rights or more ex ter nal
sup port (Meinzen-Dick, 2007; Erbaugh and Oldekop, 2018; Kerr et al.,
2014).

An other short com ing in us ing data from sin gle site vis its is that we
can not ex am ine the long-term out come of user-ini ti ated tree plant ing.
We do not know if the user groups who planted are also suc cess ful at
main tain ing the young trees planted to re al ize the long-term ben e fits
from their in vest ments. How ever, by also look ing at reg u larly re peated
plant ing ac tiv i ties (and not just any and oc ca sional plant ing), it seems
rea son able to as sume that the user groups that are en gaged in reg u lar
and re peated plant ing ac tiv i ties are mo ti vated to as sume the cost of
plant ing again in the fu ture be cause they re al ized the long-term ben e‐

fits of the first plant ing. Fu ture re search would ben e fit from an a lyz ing
lon gi tu di nal ob ser va tions, which would help to clar ify and iso late the
causal di rec tion be tween con tex tual fac tors and for est im prove ment.
Al though be yond the scope of this pa per, fu ture lon gi tu di nal stud ies
could also move be yond for est im prove ment ac tiv i ties as out comes and
in clude tem po ral vari a tion in for est out comes, such as stem den sity,
basal area, and species di ver sity, as well as mea sures of hu man well be‐

ing
Ad di tion ally, our re sults in di cate the need for fur ther re search on

fac tors that im prove the col lec tive gov er nance of im prove ment ac tiv i

ties. While our hy poth e sized fac tors that con tribute to col lec tive gov er‐
nance in clud ing wealth equal ity and so cial ho mo gene ity are not sta tis‐

ti cally sig nif i cant, the con trol vari able of ex ter nal in ter ven tion specif i‐
cally on the gov er nance of plant ing ac tiv i ties is sta tis ti cally and sub‐

stan tively sig nif i cant. While most stud ies of user-ini ti ated re for esta tion
fo cus on house hold char ac ter is tics that en able house hold-level plant‐
ing, this re sult sug gests that fu ture re search on re for esta tion of com‐

mon prop erty forests could also more di rectly in ves ti gate fac tors that
en hance users’ col lec tive-ac tion ca pa bil i ties for gov er nance. Such re‐

search could build from the de sign prin ci ples for com mu nity-based re‐

source man age ment (Os trom, 2015; Cox et al., 2010). In ad di tion, fu‐

ture re search could in ves ti gate the ef fect of gov er nance ca pa bil i ties on
par tic i pa tory ecosys tem restora tion on a larger scale (Olsson et al.,
2004; Folke et al., 2003), fo cus ing on gov er nance not only within but
also be tween user groups and with ex ter nal ac tors.

6. Conclusion

Our find ings have the po ten tial to help pol icy mak ers and prac ti‐
tion ers de sign more cost-ef fec tive in ter ven tions for col lec tive restora‐

tion ac tiv i ties. In stead of a blan ket pol icy of cash or di rect ben e fits that
tar get all for est users, for est users in dif fer ent con tex tual en vi ron ments
may re quire dif fer ent com bi na tions of pol icy in stru ments. The find ings
on the types of bio phys i cal, so cial, and in sti tu tional fac tors that can
make a dif fer ence, can serve as a di ag nos tic tool to help donors and
NGOs take a more con text-tai lored ap proach to in ter ven tion de sign. By
fo cus ing ef forts in sites with more fa vor able con texts, prac ti tion ers may
be able to en cour age col lec tive restora tion with rel a tively fewer re‐

source in puts. These ben e fits could in clude tech ni cal as sis tance and ed‐

u ca tion as well as cash or non-cash sup port. More over, poli cies tar get‐
ing user groups with high com mer cial de pen dency on the for est may
re quire less sup ple men tary so cial or in sti tu tional ini tia tives. In ter ven‐

tions can in stead fo cus on main tain ing the com mer cial value of the for‐
est by ex pand ing the mar ket op por tu ni ties of non-tim ber for est prod‐

ucts or sus tain able tim ber op er a tions.
On the other hand, where sites have large po ten tial bio phys i cal and

so cial gains yet en abling con texts are weak, our analy sis sug gests that
prac ti tion ers may need to take a step back and work to im prove these
con tex tual con di tions be fore in ter ven ing with pol icy in stru ments. In
other words, be fore in ter ven ing, they may need to de vote ad di tional ef‐
fort to wards cre at ing the en abling con di tions that al le vi ate sub sis tence
needs or other con cerns for op por tu nity costs re gard ing the use of the
for est. This con cern is es pe cially rel e vant for high sub sis tence-de pen‐

dent users who have ac cess to small forests. This analy sis also cau tions
of po ten tial in equities in ben e fits that may re sult from a uni form, blan‐

ket pol icy to en cour age user par tic i pa tion in restora tion ac tiv i ties. For
ex am ple, users who are bet ter off—who are less de pen dent on forests
for sub sis tence needs and have more se cure prop erty rights—are usu‐

ally in a bet ter position to take ad van tage of uni form poli cies that of fer
di rect ma te r ial benefits than those who are less well off.

b

Acknowledgements

We thank re view ers Sarah Wil son and Robin Chaz don for their
help ful feed back, as well as the sup port of the Po lit i cal Sci ence de‐

partment of the Uni ver sity of Col orado- Boul der and Na tional Sci ence
Foun da tion grants num bers NSF GRFP, DGE 1650115, DEB-1114984,
SES-1757136, SMA-1328688, and BCS-1115009.

Appendix A.
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