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The role that intact functioning ecosystems play in main-
taining biodiversity and human societies has long been recog-
nised. International initiatives, such as the Convention on 
Biological Diversity, the Millennium Development Goals, and 
the Intergovernmental Science-Policy Platform on Biodiver-
sity and Ecosystem Services, have unequivocally linked the 
conservation of biodiversity with the provision of ecosys-
tem services to support sustainable development and poverty 
reduction. Surges in commercial and subsistence agriculture, 
mining, urban expansion and the human population over the 
past decades, however, have caused deforestation and forest 
degradation on an unprecedented scale. Thirty percent (30%) 
of the global forest cover has been cleared and a further 
twenty percent (20%) degraded. This global land cover and 
land use change has not only resulted in the gradual loss of 
biodiversity, but also in the diminution of the capacity of the 
forests to provide essential ecosystem services. When ecosys-
tem processes and functions are drastically perturbed, various 
consequences with significant socio-economic impact follow. 
Halving deforestation rates by 2030, for instance, would 
reduce global greenhouse gas (GHG) emissions by 1.5 to 2.7 
gigatonnes of carbon dioxide (Gt CO2) per year. This GHG 
emissions reduction would economically translate to mitigat-
ing US$3.7 trillion in damages due to climate change. Land 
degradation alone is estimated to cost US$40 billion annually 
worldwide, and this does not take into account costs arising 
from increased fertilizer use, loss of biodiversity, and loss of 
unique landscapes. 

Recent estimates state that there are 2 billion hectares of 
degraded land that could potentially undergo landscape resto-
ration: 1.5 billion suitable for mosaic restoration and half a 
billion hectares suitable for wide-scale restoration of closed 
forests. There has been a stronger push from the global 
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community to advance restoration and that has led to initia-
tives such as the Bonn Challenge, a global effort to restore 150 
million hectares of the world’s deforested and degraded lands 
by 2020, and 350 million hectares by 2030. The Bonn Chal-
lenge was launched by world leaders in Bonn, Germany in 
September 2011, in collaboration with the International Union 
for Conservation of Nature (IUCN) and the Global Partner-
ship on Forest Landscape Restoration (GPFLR), to support 
the existing international commitments under the Convention 
on Biological Diversity (CDB) Aichi Target 15, the United 
Nations Framework Convention on Climate Change (UNFCCC) 
Reducing Emissions from Deforestation and Forest Degrada-
tion in Developing Countries (REDD+) goal, and the Rio 20+ 
land degradation neutral goal. The IUCN estimates that the 
annual net benefit to national and global economies of meet-
ing the Bonn Challenge target of 150 million restored lands 
is approximately US$85 billion per year, while reducing the 
current C02 emissions gap by 11-17%.

Although there are a few successful large-scale restoration 
projects, a broader landscape-scale restoration is rarely possi-
ble due to the multiplicity of socio-political forces in play. 
Moreover, conventional large-scale restoration approaches 
– particularly the traditional timber plantations or similar 
monoculture plantations – may supply economically valu-
able goods, but may not be capable of fulfilling other ecosys-
tem services, such as water regulation, habitat for wildlife, 
pollination, or nutrient cycling. There are certain ecosystem 
services that only operate at the landscape level, for example, 
stabilising upland areas and slopes for disaster risk reduction 
or regulating climate and hydrological processes. Restora-
tion approaches could still be site-specific but should try to 
address the recovery of an array of services across the wider 

landscape to achieve complementary benefits. This strategy 
entails comprehensive mapping of ecosystem services and 
land uses across the landscape, then developing scientifically 
robust and socially appropriate restoration methods. 

To raise awareness about the opportunities and constraints 
surrounding landscape restoration, the Environmental Lead-
ership and Training Initiative (ELTI), together with the 
School of Agriculture and Food Science of the University 
of Queensland, chaired the “Ecosystem Services Approach 
to Landscape Restoration and Sustainable Livelihoods” 
symposium during the 51st Annual Meeting of the Associa-
tion of Tropical Biology and Conservation on July 24, 2014 
in Cairns, Queensland, Australia. The symposium featured 
case studies on restoration from all over the tropics, focus-
ing on multiple ecosystem services recovery, like biodiver-
sity conservation, erosion control, carbon sequestration, and 
provision of food and livelihood, to name some. The presen-
tations tackled the ecological, socio-cultural, political and 
economic issues faced by landscape restoration initiatives, 
the innovations developed to address such concerns, and the 
lessons learned from implementing them. These proceedings 
lay out some of the key messages of the presentations and lists 
related references and contact information of the speakers for 
further reading and inquiry. The goal of these proceedings 
are to provide a better understanding of the complex affair 
of landscape restoration and of using ecosystem services as 
an approach to gain leverage both in terms of social support, 
and environmental and economic impacts. It is the hope of 
ELTI that policy makers, researchers, practitioners, and other 
stakeholders would contextually examine the cases, and draw 
out relevant ideas for potential application in their own resto-
ration initiatives. 
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The goal of rehabilitating forests to increase the provisioning of eco-
system services has become an important issue in a variety of national 
and international policy discussions. Many governments throughout 
the tropics have initiated large-scale reforestation programs, but have 
often achieved limited success. As a case in point, Hazel Consunji de-
scribed the situation in the Philippines and its government’s latest re-
forestation program. With 6.8 million hectares total forest cover left, 
the Philippine government has been trying to recover its forests since 
the 1970s. A biodiversity hotspot with one of the highest population 
densities (334 per km2) in the world, the Philippines is a very chal-
lenging environment in which to conduct restoration. This situation is 
made even more worse (and more urgent) by the fact that the Philip-
pines	is	situated	in	the	Pacific	typhoon	gateway	and	is	at	extreme	risk	
from climate change. 

Consunji outlined the planning and implementation process of 
the NGP, and indicated where the challenges of large-scale govern-
ment programs lie. According to the national Department of Environ-
ment and Natural Resources (DENR), which is the lead implementing 
agency of the NGP, potential areas for rehabilitation and development 
across	the	country	were	first	identified.	A	Commodity	Roadmap	was	
then produced. The Roadmap enumerated the types and numbers of 
trees to plant by region based on annual commodity targets and com-
parative advantages of the regions. Of the 1.5 million hectare plant-
ing target, more than 80% was dedicated to production using mostly 
monocultures of exotic species, while the rest was for restoration of 
protection forests and protected areas using a handful of indigenous 
species. This disparity in land use allocation would have implications 
on the capacity of the landscape to provide ecosystem services, e.g. 
supply vs. demand of water, habitat for biodiversity, or ability to miti-
gate natural hazards. In an effort to strike a balance, the Rain Forest 
Restoration Initiative (RFRI) – a network of civil society organizations 
promoting the Rainforestation approach, or the use of native species 
to rehabilitate degraded landscapes, while providing forest-dependent 

Ms. Hazel Consunji

ELTI, 
Philippines

The Philippine National Greening Program: Challenges to restoring forests 
for ecosystem services through large-scale government programs

DENR
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communities with sustainable sources of livelihood – began discus-
sions with the DENR. The network lobbied to increase the use of a 
diversity of indigenous species, even for production purposes. For 
instance, by prioritizing the planting of native premium dipterocarp 
species over exotic pulp and paper species, the Philippines could re-
habilitate its original forests and re-capture the high-end market of the 
timber industry to achieve sustainable goals as well. The network also 
strongly encouraged the DENR to engage with local communities as 
equal partners and stakeholders in the whole process. This led to the 
signing of a Partnership Agreement with DENR in 2012, wherein peo-
ple’s organization (PO) partners of RFRI will produce native tree seed-
lings,	plant	and	maintain	them	in	areas	mutually	identified	by	DENR	
and the communities. The agreement also stipulated that RFRI and 
DENR	will	 jointly	 prepare	 the	 annual	work	 and	financial	 plan,	 and	
monitor the implementation of the agreement, with the intention of 
creating a new roadmap that will ensure the planting of native trees in 
all future reforestation projects. However, several obstacles in imple-
menting	the	agreement	were	faced	early	on.	These	include	1)	difficulty	
in	communicating	and	coordinating	with	the	DENR	central	office,	such	
that the joint planning and monitoring did not happen, and the agree-
ment	was	not	 fully	disseminated	 to	 the	field	offices;	2)	 inconsistent	
and impractical requirements for the POs to secure seedling produc-
tion	and	planting	contracts;	3)	some	DENR	field	offices	not	honoring	
the agreement, therefore, doing business-as-usual with large commer-
cial nursery operators that mostly supply exotic species; 4) a long and 
complex implementation process, which caused delays in issuances of 
contracts and payments; and, 5) irregularities in the implementation 
process, like underpaying for seedlings or charging dubious fees for 
transactions and services. Despite the bottlenecks, the 129 POs (i.e., 
50% of the initially endorsed number of POs) that were able to secure 
contracts with DENR were still able to produce 9.3 million seedlings, 
or 90% of the DENR-approved target production. Additionally, 12,079 
hectares were planted, which is 80% of the DENR-approved target 

area with contracts for planting in 2012. Unfortunately, only 8 out of 
184 (4%) POs were approved by DENR in 2013. 

The main lesson from this experience was that large-scale govern-
ment greening programs need multi-stakeholder planning from the 
beginning to be able to develop SMART (Specific,	Measurable, As-
signable, Realistic and Time-related)	targets,	simple	and	efficient	pro-
cesses, and real collaborative partnerships in order to achieve their 
objectives. 

Key messages 

1.  When conducting landscape restoration, an integrated ecosystem 
services approach, including identifying possible trade-offs among 
ecosystem services under different land use scenarios, needs to be 
considered to maximize both conservation and development ben-
efits,	and	avoid	potential	negative	impacts.

2.  Government greening programs should use a diversity of indige-
nous species (i.e. “the right kind of green”) and engage the local 
communities as equal partners and key stakeholders to make the 
initiative sustainable.

3.  Government greening programs should set manageable targets and 
follow through with political will to ensure better quality results 
on the ground, hence, more judicious use and investment of public 
funds and resources.

Reference
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Ecosystem services connect nature with human well-being. This 
concept provides a powerful policy framework to support conserva-
tion	action.	While	restoration	projects	flourish	when	aiming	to	pro-
vide new wildlife habitats and enhance ecosystem services delivery, 
few studies have tested how trade-offs and synergies between bio-
diversity and ecosystem services would be altered under different 
management approaches and intensities. Jia Li presented a study that 
explored the ecosystem service outcomes of two restoration projects 
for different land management objectives and with different levels of 
conservation intervention. Although the studies were conducted in 
temperate	zones,	Li	affirmed	that	there	were	general	ideas	that	could	
be learned, which could stimulate future studies in tropical areas. 

The concept of ecosystem services can be ambiguous as different 
stakeholders approach it differently, Li explained. What really captu-
res	the	public’s	imagination	are	the	tangible	benefits	that	economies	
derive from nature, like clean water, timber and pollination. This uti-
lity value is what makes ecosystem services such a relevant point 
in public discussions. There is a theoretically clear linkage between 
the health of the ecosystem and its capacity to provide a range of 
services. Li carried out rapid assessments of the delivery of ecosys-
tem services in two restoration projects of post-gravel mining sites in 
the United Kingdom (UK) using the Toolkit for Ecosystem Service 
Site-based Assessment (TESSA). The toolkit was designed to enga-
ge stakeholders in the beginning of the project to develop site-based 
scenarios of different interventions to assess outcomes in terms of 
provision of particular ecosystem services. The process is analogous 
to an environmental impact assessment. The toolkit can also be used 
by managers with on-going conservation projects to track their pro-
gress vis-à-vis their project goals.

Li	 then	 described	 her	 project	 sites,	 the	 first	 being,	 Ouse	 Fen.	
About 15 years ago, after this site was mined for gravel, the company 
decided to restore it into a nature reserve and give it to the Royal 
Society for the Protection of Birds to continue to manage it. At that 

How well does species-led ecosystem restoration deliver ecosystem services?

Ms. Jia Li

University 
of Hong Kong, 
China

Jim Lodge @ rspb.org.uk
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time, post-mining rehabilitation in the UK was usually intended for 
agricultural production, so Ouse Fen was a special case. It is now a 
wetland haven for threatened birds and attracts a lot of visitors. The 
second site, Fen Drayton, which is about 10 kilometers away from 
Ouse Fen, was also a gravel mine site but started much earlier in the 
1950’s. During this period, the post-mining norm was just to abandon 
the site and not do any type of intervention. The site was divided into 
two areas of different management interventions: the north, which 
was basically left to let nature take its course, and the south, where 
high management intensity was done to restore biodiversity. Li was 
interested to compare the differences in the provision of ecosystem 
services due to the different land use planning implemented in the 
two sites using TESSA. The toolkit basically works like a land use 
map,	where	 areas	 for	 ecosystem	 services	 of	 interest	 are	 identified	
on the map through consultation with stakeholders, and the data and 
methods needed to measure the ecosystem services are then chosen 
in order to communicate the results. 

Over 200 interviews with site visitors were conducted to deter-
mine the average travel cost to the sites thus, the value they place 
on the site. Market valuations were also carried out for some goods 
and services provided by the sites. The cost estimates however were 
subject to a large degree of error, such as for climate change miti-
gation through carbon sequestration, due to the use of regional and 
even	global	data	because	 there	was	no	 time	 to	collect	 site-specific	
data. In terms of climate change mitigation, the results for Ouse Fen 
showed that there was twice as much carbon storage, mainly in the 
soils, from the nature reserve than from agricultural land. The main 
source of greenhouse gas emission in the nature reserve was from 
the wetlands in the form of methane, whereas nitrous oxide from 
fertilizers was the main source of emission in agricultural land. At 
Fen Drayton, the restoration area had higher carbon storage than the 
abandoned area, but also had higher carbon emissions. In terms of 
recreational value, people were willing to pay more to visit a nature 

reserve than an agricultural site, however, not as much to visit a fully 
restored area. Li inferred that this was probably due to the limited ac-
tivities that can be done when majority of the area has been restored, 
i.e. less open spaces. An extensively restored site like in Fen Drayton 
perhaps only caters to avid bird watchers or hardcore nature lovers. 
When it comes to climate regulation, the high management intensity 
restoration approach did not necessarily produce the best outcome as 
well. With regard to provisioning services, crop production and the 
income	from	it	was	definitely	higher	in	an	agricultural	site	than	in	the	
nature reserve, even completely absent in the latter. Though a nature 
reserve might have alternative sources of income through grazing 
and	fishing,	these	won’t	always	compensate	for	the	loss	of	potential	
income from crop production. When combining different ecosystem 
services into land use plans, one should take into account the eco-
nomic trade-offs based on the current market demand and values of 
the goods or services of interest, especially if return on investment 
is a factor. Looking at the possible income from carbon for example, 
with the wide range of current carbon prices, the difference in income 
could vary by a factor of 10. This could cause a large dilution effect, 
which could then produce misleading results. 

What kind of restoration strategy should we therefore implement? 
Considering the restoration and management costs, at the Ouse Fen 
site,	Li	 found	 that	not	only	did	biodiversity	benefit	 from	 that	 type	
of	restoration,	but	benefits	from	other	ecosystem	services	were	also	
greater. It made economic sense as well. As for the Fen Drayton site, 
restoration for biodiversity alone requires higher management in-
tensity, thus, higher cost. A win-win situation is hence possible with 
respect to biodiversity and other ecosystem services. However, this 
is highly context dependent and is often affected by external factors 
like market prices or global processes such as climate negotiations. 
It is important to engage with the local stakeholders, and to present 
them with the data so that they can decide on the best option for them 
by themselves.  
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Li concluded by mentioning a related research topic she is cu-
rrently working on about the complementary effects and trade-offs 
between biodiversity and ecosystem services. This study aims to 
show the link between indicators of biodiversity and ecosystem 
function under three land use scenarios – nature reserve, traditional 
fish	farming	and	industrial	fish	farming	–	within	the	Mai	Po	Ramsar	
site and the larger Inner Deep Bay area in Hong Kong. Li hopes to 
use the results of this study to inform the local stakeholders of the 
potential	unintended	benefits,	as	well	as	trade-offs,	of	different	ma-
nagement schemes.

Key messages

1. Trade-offs exist between different ecosystem services, e.g. bet-
ween some provisional services and cultural services.

2. Understanding how changes in land use or land management 
intensity impact ecosystem services is important for better 
planning and decision-making to support both biodiversity 
conservation and ecosystem services delivery. 

3. Toolkits, such as TESSA, can provide practical guidance by 
comparing	cost-benefit	estimates	for	alternative	uses	or	mana-
gement intensities so that decision makers can assess the net 
consequences of such a change. 

Ouse Fen staff and volunteers @ rspb.org.uk
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Mr. Benjamin Brown 

Mangrove Action 
Project and Blue Forests, 
Indonesia

While successful examples of large-scale mangrove rehabilita-
tion projects exist worldwide, efforts in Indonesia, both large and 
small, have mostly failed. Failure is often caused by the lack of un-
derstanding of pre-disturbance conditions and mangrove habitat re-
quirements, coupled with the inability or unwillingness to resolve 
land tenure issues. Ben Brown presented Blue Forests’ mangrove 
rehabilitation work in North and South Sulawesi and described the 
organization’s strategy: Community-based Ecological Mangrove 
Restoration, a capacity-building and livelihood program called the 
Coastal Field School, an adaptive collaborative management ap-
proach to engage different stakeholders, and opportunities to scale 
up the efforts. 

Brown contextualized the extent of mangrove forest loss in In-
donesia by showing maps of Gorontalo province displaying the 
mangrove population density over a 20-year period. The trend 
analysis showed Gorontalo lost about 60% of its 13,000 ha of man-
groves, including forest areas that lie within a wildlife sanctuary 
and a district conserved forest. Blue Forests is working to uncover 
the inconsistencies in policies and implementation, and the drivers 
of continuing mangrove destruction. Brown referred to a public 
dialogue he had with the Director General of Aquaculture, wherein 
the	Director	General	stated	that	his	office	doesn’t	have	any	policy	
for further expansion into mangrove forests. However, the Minis-
ter of Marine Affairs & Fisheries released a statement that out of 
the 2.9 million has. for potential aquaculture development, only 
660,000 has. had been established. Therefore, where the remaining 
2.3 million has. will be developed is something that Brown and his 
team will be watching out for. 

Brown claimed that mangrove management in Indonesia has 
been merely that of periodic planting, with little to no regard for ap-
propriate planting techniques. As an example, one area in North Su-
lawesi has been planted six times in nine years – a recurring failure 
because the area didn’t have normal hydrology and the mangroves B. Brown

Community-based Ecological Mangrove Rehabilitation in Indonesia: 
from small scale (12-33 has.) to medium scale (400 has.) 
with pathways for adoption at larger scales (>5000 has.) 
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some sites, whereas the Charles Darwin University has been assist-
ing them with carbon studies. 

While waiting for the mangroves to grow, communities are inter-
ested in other things particularly related to livelihoods so Mangrove 
Action Project (MAP) developed the Coastal Field School (CFS) 
program, which was based on the popular Farmer Field School pro-
gram of the United Nations Food and Agriculture Organization in 
the 1980s. The CFS program addresses other coastal resource man-
agement concerns such as non-timber mangrove forest products, 
saltwater tolerant rice cultivation, improved aquaculture, and coastal 
bamboo production, to name a few. MAP has run 71 CFSs with the 
provincial government of South Sulawesi as part of a 5-year Restor-
ing Coastal Livelihoods project funded by Oxfam and the Canadian 
International	Development	Agency.	Brown	cited	how	a	group	of	fish	
farmers were able to double their annual harvesting cycle using or-
ganic fertilizer, thereby increasing their income while ensuring their 
farm’s sustainability. Moreover, communities, especially women, 
have been empowered through the CFS program. 

Brown shared how the Tanakeke community was able to con-
vince the multi-stakeholder management board to create a regulation 
for the island to continue restoring and conserving its mangrove re-
sources, while at the same time addressing issues of access and use. 
The board decided on selective logging instead of clear-cut logging 
on the island, and that the whole community can enter the mangrove 
area	 to	harvest	fishery	products,	despite	 it	being	privately	owned.	
Blue Forests is now working with management boards to learn about 
adaptive collaborative management for EMR and sustainable aqua-
culture development. Scaling up is being considered in landscapes 
like Gorontalo, where the district and national governments have 
already shown their support, and in the Mahakam delta, where care-
fully coordinated efforts from a lot of stakeholders will be required 
to take on the 60,000 has. of degraded mangrove systems. 

 

were planted either too high or too low in the tidal frame. Generally, 
mangroves grow from mean sea level up to the highest astronomical 
tide. Most mangrove planting, however, takes place below mean sea 
level due to land use issues and the ease of sticking propagules into 
the ground without the need to measure long-term results. In con-
trast, Brown explained how they successfully rehabilitated 25 has. 
of abandoned shrimp ponds within the same area working with the 
local community using the ecological mangrove restoration (EMR) 
approach. EMR is a method that prioritizes the restoration of the 
natural hydrology of the disturbed/degraded area to allow the tide 
to transport mangrove propagules for natural regeneration to ensue. 
The community developed a plan to do strategic breaching, or mak-
ing	holes	 in	 the	 dike	walls	 using	 simple	 tools,	 to	mimic	 the	flow	
of a historical tidal stream and facilitate the exchange of water and 
propagules into the area. In just nine years, 17 species of mangroves 
re-covered the area and the community is able to harvest crabs and 
clams, among other things, due to the thriving marine life. 

Another EMR success story is in Tanakeke island in South Su-
lawesi, which lost about 70% of its mangrove forests since the 
1970’s. Brown and his group worked with the local community to 
rehabilitate 400 has. of disused aquaculture ponds by again breach-
ing the dike walls in strategic places, digging tidal creeks, and re-
moving spoils and mounds to improve the drainage in the area. They 
also trained the community and local university students to carry out 
regular monitoring. In just 3 years, seven mangrove species returned 
to the area, with a density of about 2,200 stems per ha, which was 
well within their benchmark for success of 1,250-3,750 stems per 
ha. based on nearby reference forests. 

Learning through experience has been applied to the community-
based	projects	in	Indonesia.	Brown	affirmed	that	in	the	coming	years	
they	would	 have	 data	 relevant	 to	 ecosystem	 services,	 specifically	
regarding timber and substrate elevation, since the National Univer-
sity of Singapore has been installing rapid surface elevation tables in 
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Key messages 

1.  Community-based Ecological Mangrove Rehabilitation has 
proven	to	be	an	effective	and	efficient	strategy	in	Indonesia,	
addressing the root causes of failed government rehabilitation 
programs. 

2. The Coastal Field School is a powerful program to support 
mangrove rehabilitation and the broader coastal resource con-
servation and management agenda by empowering communi-
ties through capacity development and sustainable livelihoods.

3. In order to sustain and scale up mangrove rehabilitation, a 
more inclusive approach of Adaptive Collaborative Manage-
ment with the different stakeholders involved is needed. 

References

1.  Lewis, R.R. and B. Brown. 2014. Ecological mangrove re-
habilitation – a field manual for practitioners. Version 3. 
Mangrove Action Project Indonesia, Blue Forests, Canadian 
International Development Agency, and OXFAM. 275 p.

2. Brown, B. and R. Fadillah. 2013. Fish Farmer Field 
School:towards	healthier	milkfish/shrimp	polyculture	and	fish	
farmer empowerment in South Sulawesi. Aquaculture Asia 8 
(2): 12-19. 

3. Brown, B., Fadillah, R., Nurdin, Y., Soulsby, I. and R. Ahmad. 
2014. Case Study: Community Based Ecological Mangrove 
Rehabilitation (CBEMR) in Indonesia. S.A.P.I.E.N.S [Online], 
7.2 | 2014, Online since 23 April 2014, connection on 22 Feb-
ruary 2015. URL : http://sapiens.revues.org/1589

B. Brown



31

L. Beria

Dynamics of customary resource governance: 
Agroforestation with voluntary carbon support in West Sumatra, Indonesia

Forest carbon projects are more likely to be successful if they 
build on the interest and participation of forest-dependent com-
munities, including indigenous peoples. Beria Leimona detailed 
the landscape restoration project under a payment for ecosystem 
services (PES) scheme carried out by the World Agroforestry Cen-
tre (ICRAF) in West Sumatra, where customary traditions are still 
prevalent, as well as the challenges they faced under such circum-
stances. Leimona focused on the institutional analysis of the proj-
ect to investigate the rural carbon governance framework, looking 
at the design of the voluntary carbon market (VCM) scheme, its 
performance	during	 the	first	 three	years	 (of	 the	10-year	project),	
and the interplay among the different stakeholders involved.

The project site is in the Singkarak Watershed with a total area 
of 114,172 hectares. The site has been rehabilitated by the govern-
ment several times over the past years but has failed, for the most 
part, since the efforts were not aligned with the local priorities. 
The main income sources for the Minangkabau ethnic community 
in	the	area	are	dryland	agriculture	and	fisheries	in	Lake	Singkarak.	
The upper part of the watershed is dominated by a monoculture 
of pine trees, which was planted by the government as part of its 
efforts to rehabilitate the landscape. The middle part is primarily 
composed of community agroforestry systems of local fruit and 
timber trees, while towards the bottom are mostly vegetable gar-
dens	and	paddy	fields.	There	is	a	hydroelectric	power	plant	in	the	
area,	wherein	the	company	redirected	the	natural	flow	of	the	water	
from the lake to the plant upstream. The environmental problems 
faced by the different stakeholders in the area are land degradation 
and	deforestation,	decreased	water	quality	and	quantity,	flooding	
in	the	paddy	fields,	and	declining	native	fish	production.	

With the decentralization of power in Indonesia in 2000, the 
provincial and district governments had the opportunity to engage 
more in managing their lands. The decentralization also helped re-
vive the customary structure and governance at the village level. 

Dr. Leimona Beria

World Agroforestry 
Centre, Indonesia
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In West Sumatra, the village-level customary governance structure 
is called ‘Nagari’, which is unique to this region. Under the Nagari 
system, the land is collectively owned and governed through lo-
cally	defined	conventions,	and	the	community	members	have	the	
“right of use” to the resources. 

Given the multiplicity of land uses within this landscape, 
ICRAF utilized a negotiation support toolkit to integrate the dif-
ferent stakeholders’ knowledge and perspectives into the design 
of the PES scheme. ICRAF conducted interviews to obtain the 
ecological knowledge and perspectives on the environmental 
issues of the local communities, the hydropower company, and 
the	 local	 government,	 and	 scientifically	 validated	 these	 claims,	
hoping to reach a common understanding towards the restora-
tion goal. One case tackled the high sedimentation and erosion 
problem. The communities perceived this problem as the cause 
of the declining water quality for their daily needs, as well as of 
the	declining	native	fish	population	 in	 the	 lake	 for	 their	 source	
of income. The local government, on the other hand, saw this 
problem as a threat to the electricity production of the hydro-
power plant, and blamed the problem on upland farming. ICRAF 
later	 determined	 that	 the	 native	fish	 population	was	 indeed	be-
ing negatively affected by the declining water quality, but it was 
being	 affected	more	by	overfishing.	Furthermore,	 the	 declining	
water quality was mostly caused by eutrophication, or the over-
enrichment of the ecosystem with chemical nutrients, which were 
likely contributed by the fertilizers from the vegetable gardens 
and	riverside	paddy	fields.	ICRAF	concluded	that	eutrophication	
had a bigger impact on water quality than the sedimentation and 
erosion from the upstream. The second case dealt with the prob-
lem of deforestation and intensive agriculture. The communities 
thought	 that	 deforestation	 was	 causing	 the	 floods	 and	 destroy-
ing	 the	 paddy	 fields	 along	 the	 river.	 The	 government	 believed	
that	deforestation	reduced	the	water	quantity,	causing	inefficient	L.Beria
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electricity production, and again blamed the upland farmers for 
this	problem.	However,	ICRAF	discovered	that	the	flooding	was	
actually	being	caused	by	the	diversion	of	the	river’s	natural	flow	
to the hydropower plant. ICRAF also cautioned that reforestation 
of critical land might not be enough to increase the water quan-
tity; on the contrary, might even reduce the water yield due to the 
increase	in	evapotranspiration.	Given	these	findings,	ICRAF	sug-
gested a nested approach to restoration and gave recommenda-
tions for proper management, such as planting tree species with 
low evapotranspiration (i.e., not pine), reinforcing traditional 
agricultural	and	fishing	practices	that	are	more	environmentally	
sustainable, and conserving intact natural forests. To address the 
broader landscape-level issues, ICRAF designed a 10-year VCM 
project with the communities, which started in 2009. 

The VCM project covered approximately 49 hectares and 
involved more than 80 farmers. The scheme followed the cus-
tomary governance structure and used the number of trees per 
hectare as one of the proxies for carbon monitoring. The Nagari 
decided on a plot density of 1,000 trees per hectare (ha.). How-
ever, after 2 years, only 42.7 has. had been planted with about 
400 trees per ha. – which may actually turn out for the better 
in the long-run in terms of carbon stock performance. Although 
1,000 trees per ha. would yield a higher carbon stock than the 
400 trees per ha. in the first couple of years, this density is not 
conducive for the optimal growth of the chosen species. After 
30 years, the projected carbon stock in the two density models 
would almost be the same. The farmers claimed that they did 
not meet the contract targets because of the frustration with the 
governance, i.e., the contract was managed by people with high 
social standing in the village. The community then decided to 
reform the carbon governance framework, such that an ad hoc 
group or a village cooperative unit will handle the contract in-
stead of the group of elders. 

The experience of ICRAF revealed that external support is needed 
to guide local and indigenous groups in designing and implementing 
a carbon governance framework. There should be the right kind of 
mix between formal and informal institutions, and customary and 
new environmental governance institutions to make the framework 
relevant and appropriate to all stakeholders. Moreover, traditional 
farming practices of multi-strata agro-forestry systems were able to 
meet carbon stock requirements despite more complex carbon mea-
surements (vs. monoculture plantations), at the same time, provide 
other ecosystem services such as biodiversity conservation and wa-
tershed protection. A sense of collectiveness and space for institu-
tional improvement motivated the farmers to continue the project. 
Leimona concluded that there is still a lack of national-level regula-
tion to support VCM projects, and that governance roles and respon-
sibilities at all levels, i.e. district, provincial, and national, should be 
agreed upon to make the projects scalable and sustainable. 

Key messages

1.  Global forestry initiatives should consider the local context, 
e.g. customary governance institutions, traditions, and prac-
tices, when designing restoration projects to ensure engage-
ment and ownership by the local stakeholders. 

2. Negotiation support toolkits aid in harmonizing the multi-
stakeholders’ knowledge and perspectives on landscape is-
sues towards a shared restoration objective and strategy. 

3. Institutional capacity building for governments, the private 
sector, non-governmental organizations, and communities, as 
well as coordination among the different sectors, are needed 
in order to scale up and sustain restoration initiatives.
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Suitability of the Framework Species Method of forest restoration for carbon stock 
enhancement under REDD+        

Dr. Stephen Elliott
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Reducing Emissions from Deforestation & Forest Degradation 
(REDD) is a series of policies and incentives under the UNFCCC to 
reduce C02 emissions from forest destruction. Since the UNFCCC 
has	 expanded	 its	 definition	 to	 include	 “enhancement	 of	 carbon	
stocks” (thus REDD+), interest has grown in forest restoration to 
access	carbon	 funding.	Elliott	proposed	a	new	definition	of	 forest	
restoration	that	qualifies	for	REDD+	and	presented	the	case	of	the	
Framework Species Method in northern Thailand to exemplify the 
REDD+ forest restoration approach. Although REDD+ is currently 
in vogue, Elliott indicated that it contains some fundamental prob-
lems. In its original form, REDD was designed to pay people to 
avoid deforestation and forest degradation, focusing on areas where 
forest loss has been most acute. This approach, however, contains 
a perverse incentive, wherein communities that have responsibly 
managed their forest resources in the past might begin clearing their 
forests	in	the	hopes	of	getting	future	benefits.	Another	issue	facing	
REDD projects are their limited timescale. REDD payments are for 
a limited duration, after which communities could begin clearing 
their forests, thus delaying but not stopping forest loss. Elliott sug-
gested that it is much more effective to incentivize communities to 
restore areas that are already heavily degraded. Fortunately, by in-
cluding “enhancement of carbon stocks” into new REDD+ manage-
ment options, payments for the absorption of C02 through tree plant-
ing or assisting natural regeneration are now possible. While there 
have been some concerns that this could lead to local communities 
being kicked off their land to develop plantations of fast growing 
exotics, there are safeguards in place which should ensure full and 
effective engagement with local communities and preservation of 
local biodiversity. 

Within	this	context	of	REDD+,	Elliott	discussed	his	definition	of	
forest restoration as “directing and accelerating natural ecological 
succession towards an indigenous forest ecosystem which is self-
sustainable, within climatic and soil limitations, to achieve maxi-
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mum levels of biomass accumulation, structural complexity, biodi-
versity recovery, and ecological functioning.” He stressed that forest 
restoration should aim to result in ecosystems that are adaptable to 
climate change, because the future conditions on particular sites are 
uncertain. To address this, Elliott suggested that mobility and diver-
sity need to be built into forest restoration. Mobility means devel-
oping ways to encourage seed dispersal across landscapes, whilst 
diversity means maximizing species and genetic diversity, to keep 
options open. Ultimately, natural selection will sort everything out 
in the end, no matter what happens to the climate, but restoration 
should provide maximum diversity, upon which natural selection 
can	operate	so	that	at	least	some	species	and	genotypes	will	flourish	
in future conditions.

Elliott then introduced the Framework Species Method of for-
est	restoration,	an	approach	first	devised	in	Queensland,	Australia,	
which he and his colleagues at the Forest Restoration Research Unit 
(FORRU) of Chiang Mai University have adapted for use in northern 
Thailand. Although not originally designed to be climate resilient, 
the method fortuitously includes all the above-mentioned essential 
characteristics	of	a	forest	restoration	approach	that	satisfies	the	con-
ditions of REDD+. Essentially, the Framework Species Method con-
sists of planting 20-30 native forest species that enhance natural for-
est regeneration and accelerate biodiversity recovery. These species 
have been selected for their high survival, rapid growth rates (to get 
the crowns above weed level), dense spreading canopies (to shade 
out weeds), and attractiveness to wildlife (to increase natural seed 
dispersal). Elliott and his colleagues have been applying this meth-
od in northern Thailand now for over 20 years, during which they 
have learned to collect seeds based on phenology studies and have 
conducted	dozens	of	nursery	experiments	and	field	trials	to	develop	
the best methods to propagate planting stocks, optimize weeding, 
and determine the best fertilizer regimes, spacing, and silvicultural 
methods. With their main experimental site being a mountain in Doi 
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Suthep-Pui National Park, they have also maximized genetic diver-
sity by collecting from wetter sites on the upper slopes and geno-
types suited to drier climates on the lower slopes. 

FORRU now has effective restoration systems for several forest 
ecosystem types, found in Thailand and neighboring countries. In a 
site in Chiang Mai, they were able to achieve canopy closure within 
two years, and by eight and a half years the site had the look and 
feel of a natural forest. Structurally, the big trees in the site are the 
pioneers, and the smaller trees growing in the understory are the late 
successional species. Biodiversity recovery proceeded rapidly. Bird 
species richness increased from 30 (in the area before planting) to 
87 species, 6 years later. This represents 63% of the bird commu-
nity of the nearest natural forests. Moreover, the birds helped tree 
biodiversity recovery by aiding seed dispersal, such that by planting 
30 framework trees species, they encouraged the growth of an ad-
ditional 72 non-planted tree species within an 8-9 year time frame. 
Carbon measurements in the restored plots predicted that net inputs 
of carbon into the soil pool via litterfall and soil carbon levels would 
reach those typical of natural forest within 16 and 22 years respec-
tively (Kavinchan, 2015a, 2015b), further strengthening the case for 
using the framework species method for REDD+ projects. 

Even though the science behind the Framework Species Method 
has been proven and community engagement is high, widespread 
implementation is still a challenge. A major obstacle to scaling up 
restoration to the vast areas now being target by the UN is that most 
restoration	sites	are	steep	or	inaccessible,	making	it	difficult	to	con-
vince people to work in those areas. One potential solution to this 
problem is ‘automated forest restoration’ using drones that would 
collect seeds, plant them, recognize weeds and spray them with 
highly	specific	herbicides.	Drones	could	also	be	used	to	monitor	the	
progress of restoration, which is already technologically feasible. 
Elliott and his team are actively encouraging the building of multi-
disciplinary groups of technologists and ecologists to build and test 

prototypes of some of these drones, with the help of international 
experts and local university students. 

Key messages

1. Forest restoration is fully aligned with the REDD+ principles, 
allowing for the enhancement of carbon stocks, while provid-
ing safeguards for both the local communities and the native 
biodiversity.

2. The Framework Species Method has been developed over the 
last	20	years	 through	extensive	 research	and	field	 testing.	 It	
has several “climate-resilient” features and is highly effective 
at recovering carbon stocks, forest structure, biodiversity and 
ecological functioning. 

3. Challenges to scaling up forest restoration are the inaccessi-
bility of potential restoration sites and the changing climate. 
Drones and other technologies are currently being developed 
to begin automating forest restoration tasks, so that restoration 
becomes feasible on large scales in remote areas.
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Various instruments have been introduced throughout the world to 
enable landholders to make a living from planting trees to sequester 
carbon, while contributing to the global efforts of forest restoration 
and climate change mitigation. Preece discussed Australia’s Carbon 
Farming Initiative (CFI) which has been incorporated into the Emis-
sions Reduction Fund, which is a national carbon offset scheme that 
includes carbon credits from the land sector and others, and the op-
portunities and constraints for landholder engagement. Preece began 
by introducing a research project he has been working on in collabo-
ration with Penny Van Oosterzee and other partners on their farm in 
the Atherton Tablelands of North Eastern Australia. The objective 
of the project was to identify cost-effective reforestation approaches 
needed to reverse the landscape fragmentation that had started with 
land clearing in the early 20th century. Several experiments on dif-
ferent restoration methods were conducted which entailed planting 
27,000 trees over a 15-hectare area in a replicated block design to 
create	 a	 series	 of	 experimental	 plots.	A	 first	 experiment	 revolved	
around comparing hole-digging using an auger vs. the traditional 
planter spade that is often used by foresters. A second experiment 
focused on the effect of tree spacing when planting at different den-
sities, while a third experiment consisted of testing different spray-
ing methods to determine whether blanket spraying or strip spraying 
were more effective in suppressing competitor species. The main 
focus of the presentation, however, was the cost of restoration and 
the	ability	to	offset	those	costs	through	carbon	finance.	

Preece presented available data and sources on reforestation costs, 
stating that estimates varied dramatically from $10,000-$70,000 per 
hectare for the establishment and maintenance phases of restoration. 
The low end of these estimates accorded well with the actual cost 
for establishing their site. Total planting and maintenance costs over 
3 years were $147,000, divided in the following way: herbicides, 
$26,000; seedlings bought and planted, $74,000; labour, $42,000; 
and fuel, $5,000. This all comes to slightly less than $10,000 per 
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hectare. It should be noted that herbicides were used to help the 
trees grow to a sustainable height so that they could escape the 
exotic pasture grasses. While many projects around the world rely 
on hand weeding instead of herbicide, such manual approaches 
in Australia are prohibitively expensive due to high labour costs. 
Nonetheless, some labour was still required for the initial planting 
of the trees and to maintain the plots. Preece also noted that costs 
were much higher than in other countries due to Australia being a 
developed country. 

The ability of landholders in Australia to sell carbon credits 
from their plantings is reliant on the CFI. Preece’s project was ini-
tially part of a voluntary scheme working in association with the 
Australian Clean Energy Act. That program, however, was recent-
ly abolished by the government so the project now works under 
the voluntary Emission Reduction Fund, which works through an 
expanded CFI. For the land sector there are high transaction costs 
under this scheme. In order to participate, they must become a Rec-
ognized Offset Entity, a registry account must be opened with the 
Carbon	Registry,	and	finally,	they	must	become	an	Eligible	Offset	
Project. Also, the landholder needs to apply to receive Australian 
Carbon Credit Units and, if trading directly on the market, they 
must apply for an Australian Financial Services License. Fur-
thermore, to be able to trade carbon from planted trees there are 
models used to determine carbon stock growth in plantations; in 
Australia this is the Full Carbon Accounting Model (FullCAM), 
a complex set of programs with growth models based on a set of 
input models including a Forest Carbon Accounting Model (CAM-
For), Carbon Accounting Model for Cropping and Grazing sys-
tems (CamAg) and Rothamsted Soil Carbon Model (Roth C), etc. 
The models, most of which are based on remote sensing, act as sur-
rogates for real measurement of carbon stock and are the basis of 
the tools that the Australian Department of Environment requires 
forest owners to use. The only way around this would be to cre-

ate your own methodology and get it approved, which is a very 
expensive process. The problem with these models is that there are 
default planting parameters with few allowances for adjusting to 
site circumstances. Tree growth, for example, is assumed to be in 
accordance with the regressions models, which assume a certain 
stocking rate, even though it is not clear what those rates are within 
the model, and does not allow you to adjust for tree mortality. 

An important component of Preece’s research was calculating the 
costs	and	modelling	the	future	profit	potential.		In	these	calculations,	
opportunity costs were calculated to be $12,500 per year – based on 
the cost of raising cattle on a hectare of land. They also factored in 
the costs for auditing, which occur at years 5, 7, and 10, and costs 
$15,000 each time. Different revenue scenarios based on carbon 
prices were also modelled, though carbon prices have varied from 
several cents to $60. Preece used three scenarios: $20, $23 and $40 
per tonne CO2 equivalent. When all costs were considered, it was 
determined	that	no	profit	would	be	made	from	carbon	sequestration	
projects	during	the	first	12	years	in	all	three	scenarios.

Preece explained that there were some adjustments that could be 
made to make more off the land. Their third experiment revealed that 
the growth rates of their trees, which were planted at about 1,000 per 
hectare, were only sequestering 5% of carbon compared to the Full-
CAM model’s predictions. This is a big problem. A policy recently 
introduced by the current government also requires three audits at 
$15,000 each. If they could remove the auditing requirement, the 
situation would improve, reducing the breakeven point by 2 years 
(i.e., from 12 to 10 years). Other ways to make carbon farming more 
profitable	would	be	to	influence	early	tree	survival—a	major	factor	
in	their	experimental	sites	where	they	had	significant	mortality.	One	
of the main factors affecting early tree survival was treatment of the 
seedlings by the planters. Indeed, by removing from the data analy-
ses one of their eight planters, who had a 40% death rate for the trees 
he planted, they were able to reduce early mortality from 9.2 to 7%.
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In concluding, Preece returned to the presentation’s title: Can car-
bon sequestration support reforestation as a livelihood? His basic 
findings	were	that	carbon	sequestration	is	very	sensitive	to	the	cost	
of establishment, the national policy setting, the carbon price, and 
opportunity costs. If the policies and markets were more favourable, 
farmers could in theory make a living by growing trees for carbon. 
Given the way that carbon sequestration is currently governed in 
Australia,	though,	it	would	be	very	difficult	for	someone	to	make	a	
living only with the carbon income of growing trees.

Key messages 

1. The Carbon Farming Initiative (CFI) can be employed to pro-
duce carbon stocks, which subsequently could be traded and 
provide an alternative income for some landholders. 

2. Due to a combination of currently unfriendly market and pol-
icy environments in Australia, CFIs alone will not be able to 
sustain landowners.

3. Changes in carbon price, and the mechanism and costs of en-
gagement in the CFI could make the initiative more appeal-
ing to the landholders.
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Landscape partnerships: Opportunities and constraints for forest conservation and 
restoration within the Atlantic forest 

Systematic conservation planning provides insight into where, 
when and how resources should be allocated to maximize the 
achievement of goals, such as biodiversity protection or water 
provision, with restricted resources. Although this planning ap-
proach has been applied globally, incorporating the social di-
mensions of the landscape remains a research challenge and 
has hindered the implementation of conservation plans. Morena 
Mills introduced her research and applied project, which is fo-
cused on modelling the socio-ecological system in the Brazilian 
Atlantic Forest to reveal where, when, and how forest restoration 
is implemented, as well as to test the accuracy of these predictive 
models. The restoration work is being carried out by Earthwatch, 
in collaboration with the University of Queensland, the Imperial 
College London, and the Reserva Ecologica de Guapiaçu. The 
project aimed to identify restoration and conservation priorities 
using information regarding biodiversity, ecosystems, and proj-
ect feasibility that are related to the social system. The research 
team	has	already	begun	 to	conduct	capacity	building,	 influence	
legalisation on Payment for Ecosystem Services (PES), provide 
tools for monitoring and enforcement, and facilitate the imple-
mentation of restoration projects in the region. 

Mills explained that in order to incorporate feasibility into 
conservation planning one needs to determine which frameworks 
inform people’s behavior. The optimal framework is dependent 
on the actions to be taken and the context in which the project is 
being carried out. For this project, the ‘Diffusion of Innovation 
Framework’ (DIF) was chosen. While this framework has been 
previously used in Australia, those efforts focused on the adop-
tion	of	farming	innovations,	whereas	this	has	been	the	first	time	
for it to be used to assess the rate of uptake and spread of resto-
ration. The framework is dependent on the characteristics of the 
landholders and the incentives presented to them, and how those 
two relate to one another. 
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help them address – to lack of incentives, opportunity costs, loss of 
income, and a lack of understanding of why restoration is important. 
In general, farmers wanted assistance with planting, funding and 
other resources. They were also interested in some policy changes 
and	clearer	justifications	for	why	they	should	engage	in	restoration.	

To determine where to prioritize restoration, the team used a 
tool called ADOPT (Adoption and Diffusion Outcome Predic-
tion Tool), created by David Pannell and other colleagues at the 
Commonwealth	 Scientific	 and	 Industrial	 Research	 Organisation	
(CSIRO), which uses a DIF to assess the likelihood and the rate 
that a new innovation will be adopted by the stakeholders in the 
landscape. The framework allows one to classify the stakeholders 
into different types. Some of the stakeholders, for example, are in-
novators who are testing out different restoration methodologies, 
whereas others are more risk-averse and are only willing to adopt 
an innovation when several others have already done so. The key, 
therefore,	is	to	approach	the	innovators	first	since	that	will	increase	
the rate of adoption. Interestingly though, the analysis conducted 
by Earthwatch predicted that less than 10% of the population would 
be open to the idea of restoration. Mills pointed out that this was 
due to the current perception of restoration having few incentives, 
and suggested that once PES is introduced, the level of interest 
might increase. Mills also added that these results are unsurpris-
ing since much of the landscape already has forest cover, although 
there is an increasing amount of pine and eucalyptus plantations as 
opposed to native forest. 

Mills concluded by reiterating that the importance of the project 
was centered on the investigation of the social science surrounding 
restoration and incorporating it with the ecology as much as pos-
sible. In theory, this should maximise the uptake and spread of res-
toration initiatives in the study region, at the same time allow for 
the evaluation of their incentive uptake models to determine how 
accurate their predictions of adoption are.   

The study region is comprised mostly of private land in the vicin-
ity of the Serra do Itajai National Park in southern Brazil. There are 
a	variety	of	land	uses	in	the	region,	including	a	significant	swath	of	
natural forest cover, but also an increasingly large area used for for-
estry, agriculture and urban development. A dialogue was initiated 
with different parks in the surrounding region and it was found that 
many industries were interested in developing restoration projects 
within the parks. However, the parks already have several restoration 
projects underway, including a large-scale experimental restoration 
project. The aim then was to redirect restoration to farms around the 
park to consequently increase the habitat for biodiversity. According 
to	 the	forest	code,	a	percentage	of	 the	 land,	specifically	 in	certain	
areas like riparian zones, must be kept under forest cover. Hence, 
the opportunity for restoration would help bring the landowners into 
legal compliance as well.

Mills	and	her	teammates	from	Earthwatch	first	tried	to	determine	
which types of restoration and incentives should be used, the pri-
orities for restoration within the study region, and how those priori-
ties should be tackled on the ground. The ecological information on 
the effectiveness of different restoration strategies would eventually 
come from the experiment being conducted in the park, so that was 
not the focus of their research. Rather, their focus was on what infor-
mation landholders deemed useful. Mills and her team had already 
conducted 130 interviews, with the aim of having 180 in total. They 
applied factor analysis to understand the correlation between the 
variables,	and	the	Wilcoxon	signed-rank	test	to	check	for	significant	
differences between variables. 

The research indicated that some farmers have lifestyle motiva-
tions, while others had history and identity motivations for their land 
management practices. To create restoration incentives that appeal 
to them, these motivations have to be addressed. The constraints 
on	 restoration	varied	 in	difficulty	 from	 limited	 labor,	financial	 re-
sources, and time – which had immediate solutions that NGOs could 
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Key messages 

1. Conservation planning needs to incorporate the social dimen-
sion in order to improve the effectiveness of adoption and the 
rate of spread of conservation and restoration projects.

2. An ideal framework to predict the feasibility of conservation 
should be informed by people’s behavior, i.e., it should be 
dependent on the context in which the project is being carried 
out, and the incentives and actions to be taken. 

3. The use of Diffusion of Innovation Frameworks can help 
classify stakeholders who might be more readily interested 
in engaging in restoration from those who might hold off, 
allowing forest restoration proponents to better target their 
audience.

ELTI photo archive
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Using ecosystem services to facilitate forest landscape restoration

According to recent estimates, there are about two billion hect-
ares of degraded land that are potentially available for restoration 
around the world. In the past, reforestation was mainly carried out 
to supply goods such as timber, but Lamb postulates that in the fu-
ture, the primary objective of restoration will shift to the delivery of 
ecosystem services. A challenge to this new approach is that many 
ecosystem services, like watershed protection and habitat for species 
with large ranges, are only delivered if forest restoration is done at a 
large landscape scale. Moreover, certain areas within the landscape 
are more important than others, in terms of the ecosystem services 
that they provide. In short, the conventional approach to conducting 
reforestation, which has occurred at the whim of a landowner, won’t 
necessarily provide the services that we desire. Thus, Lamb suggests 
that as we move forward, we need to focus on the following three 
factors: 1. the type of forest established at the site, 2. the size of area 
restored, and 3. the location of the forest in the broader landscape.

Addressing	the	first	point,	Lamb	explained	that	ecological	resto-
ration – in the sense of trying to return an area to its previous condi-
tion prior to major anthropogenic disturbance – is often considered 
the “gold standard”, but may be unachievable on a large scale. The 
reasons	for	 this	difficulty	 include	a	 lack	of	reference	sites,	extinc-
tions of species integral to the system, naturalisation of exotic spe-
cies, high costs of implementation at degraded sites, climate change, 
and high opportunity costs for landholders. Because of this, Lamb 
suggested that we need alternative types of reforestation that are less 
than full-scale ecological restoration, but that still provide the eco-
system services desired. Lamb presented several examples of such 
options. If, for example, the required ecosystem services are erosion 
control and watershed protection, a multi-species plantation which is 
structurally complex and deep rooted would achieve those manage-
ment goals. Likewise, if wildlife habitat for biodiversity conserva-
tion is the objective, then the planting of a variety of native species, 
including	food	plants,	would	probably	suffice.	Finally,	 if	having	a	
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regular supply of pollinators throughout the year is the ecosystem 
service	needed,	several	plant	species	that	flower	at	different	periods	
throughout the year should be planted. Lamb noted that in addition 
to multi-species plantations, some monoculture plantations could be 
used as well since these do not necessarily remain as monocultures 
over time, and that if a rich understory is allowed to develop, they 
can also provide a range of ecosystem services.

Lamb then turned to his second point: How much restoration is 
needed?	In	terms	of	biodiversity,	generalist	species	benefit	from	any	
type of restoration, whereas, forest interior species need larger areas 
of restoration to avoid the edge effect. For carbon storage and water-
shed protection, there is probably no threshold. The larger the area 
reforested, the more carbon sequestered and the greater the water 
yield, with these being roughly proportional to the size of the site. 
In short, thresholds vary depending on what ecosystem service is re-
quired and the interest of the local communities in generating them. 

On the topic of location, Lamb pointed out that planting strategi-
cally in particular locations can better generate certain ecosystem 
services than planting in random locations. If, for example, erosion 
control is the management objective, it would be ineffective to plant 
all	the	trees	in	flat	lands.	Rather,	you	would	want	to	identify	and	re-
store forest cover on steep lands. Reforestation to support biodiver-
sity conservation should be done in such a way as to improve habitat 
connectivity, create buffer zones, and enlarge forest patches. 

While	the	benefits	of	establishing	multi-species	forests	that	cover	
large and strategic areas are clear, restoration at the landscape level 
can	still	be	difficult	to	achieve.	At	the	landscape	level,	it	would	be	
more	difficult	to	coordinate	a	larger	group	of	stakeholders	with	dif-
ferent aspirations. Varying opportunity costs need to be taken into 
account. Although there have been models developed to improve 
forest design in order to achieve an optimum solution, such models 
are not particularly effective in situations where there are a large ELTI photo archive
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number of stakeholders, when there are limited funds for incentives 
or compensation, when there is limited ecological knowledge, when 
institutions and legal frameworks are not well-developed, and when 
formal land tenure is missing. Lamb suggested that while models 
can sometimes be a good “starting point” to help frame discussions, 
they are not always available or useful in many parts of the world 
where we want to conduct restoration. 

Lamb laid out how he believes restoration can be achieved. First, 
some kind of landscape plan should be developed through a process 
of regional top-down and local bottom-up planning. Landholders 
then need incentives to participate in restoration programs. The key 
incentive often being the granting of formal tenure, which would 
be conditional on tree planting, such as is the case in parts of China 
or Vietnam. Other possible incentives are cash payments or subsi-
dies for reforestation, but those are only available in some countries. 
Sometimes simply providing information about market opportuni-
ties and advice on how to grow commercially attractive trees may be 
enough. Many people are also interested in formal payment for eco-
system services (PES) schemes. While Lamb expressed his support 
for these PES programs in principle, he noted they are not without 
their own shortcomings. In particular, there are often high transac-
tion costs, the potential supply of some ecosystem services is often 
greater than the demand, and there are delays in the generation of 
some	ecosystem	services.	Ultimately,	we	might	need	to	find	models	
of restoration that combine the provisioning of goods with ecosys-
tem services if restoration is to be attractive to many landholders.

Lamb suggested that pragmatism will be needed and some trade-
offs may be necessary regarding the types of restoration that is im-
plemented. In some cases, for instance, we might prefer ecological 
restoration, but might a more modest multi-species timber stand be 
good enough? In other cases, we might want a species-rich plant-
ing, but plantings with only limited diversity could also provide the 
necessary ecosystem service at a lower cost. Maybe we would pre-

fer a 10-hectare ecological restoration site, but might end up with a 
100-hectare monoculture if that is what the landowner prefers. We 
might want a single large forest restoration site, but plantings on sev-
eral small farms might also be okay. Or we might prefer a restoration 
project that is fully protected from any form of human disturbance, 
however, limited harvesting could be tolerated if the delivery of the 
needed ecosystem service is not jeopardized. In short, trade-offs 
have to be weighed in order for large-scale restoration to be eventu-
ally achievable. While some might argue that this is “lowering the 
bar” for restoration standards, Lamb holds that this is a pragmatic 
response to the realities on the ground.

Key messages 

1. When restoring for ecosystem services, three factors should be 
considered: the type of forest to be restored, the size of area 
targeted, and the location of the site in the broader landscape.

2.	 Scaling	up	restoration	is	going	to	be	very	difficult	due	to	a	mul-
tiplicity of social and ecological obstacles. Therefore, creative 
interventions by governments and a range of alternative resto-
ration strategies that suit the circumstances of the landholders 
are crucial.

3.	 Trade-offs,	 which	 do	 not	 significantly	 affect	 the	 delivery	 of	
ecosystem services, and appropriate incentives should be con-
sidered to increase project feasibility and garner support from 
local landholders. 
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