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A B S T R A C T

Targets for ecosystem restoration have been made at global, regional, and national scales, but monitoring of 
progress remains challenging. Differences in definitions, goals, and practices among restoration initiatives, linked 
to policy drivers and funding sources, add complexity. We evaluate the current state of ecological restoration 
activity in Colombia, where, since 2012, legal requirements to compensate for environmental damage may be 
driving widespread restoration efforts, alongside a long history of government and private restoration initiatives. 
We systematically searched several public databases, and circulated an online survey, to collect records of 675 
terrestrial and coastal restoration projects initiated between 1963 and 2021, capturing data on: location, funding, 
monitoring, ecosystem type and actors. Location was reported for 613 projects at municipality level, and 261 
projects at point level. Restoration aims included recovery of ecological processes, hydrological processes, soil 
erosion, and natural resources. Only 24 % reported any monitoring, with just 2 % monitoring effectiveness. 
Forty-one percent of projects were enacted under environmental compensation laws. Funding was mostly from 
within Colombia, with minimal international funding. This work highlights major gaps in the monitoring needed 
to achieve effective implementation of restoration targets. Enhancing coordination among institutions, and 
enhancing monitoring, will now be crucial to achieving restoration goals.

1. Introduction

Ecological restoration, including restoration of forest cover, seeks to 
achieve multiple benefits for nature, climate, and people (Chazdon and 
Brancalion, 2019). Ambitious restoration goals have been set at the 
global level, including the Bonn Challenge (IUCN, 2020), the New York 
Declaration on Forests (Forest Declaration Assessment, 2021), the 
Global Biodiversity Framework commitment to restore 30 % of 
degraded lands by 2030 (CBD, 2024b), and the United Nations Decade 
on Ecosystem Restoration (UN, 2024). In Latin America, restoration can 
be considered part of a new vision for socio-economic development, and 
is strongly driven by the international agenda (Meli et al., 2017), with 

ratification of global targets complemented by regional targets, such as 
Initiative 20 × 20 that currently aims to bring 50 million ha of degraded 
land under restoration by 2030 through country-led projects (WRI, 
2024). Against this complex background of commitments, a key global 
challenge lies in defining when restoration has been achieved and 
tracking progress towards targets. Initiatives such as the Restoration 
Barometer (IUCN, 2024) allow countries and individuals to provide in
formation about restoration projects in a central location, but rely on 
voluntary upload of information.

In Colombia, a megadiverse country supporting nearly 10 % of global 
biodiversity (CBD, 2024a), a national restoration strategy was adopted 
in 2012 with area-based targets set every four years (Meli et al., 2017). 
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Colombia has a long history of restoration activities and policies since 
pioneer projects in the 1950s (Murcia et al., 2016), and a National 
Restoration Plan now guides the location of restoration activities under 
multiple mechanisms (Ministerio de Ambiente y Desarrollo Sostenible, 
2015). Restoration targets are also built into national policies on agri
cultural expansion, forest management, and climate change (FABLE, 
2023). Ecological restoration in Colombia is also driven by legal re
quirements to compensate for biodiversity loss following transport 
infrastructure, hydrocarbon, mining and energy developments 
(Ministerio de Ambiente y Desarrollo Sostenible, 2012). In these cases, 
ecological restoration is used to offset biodiversity loss as part of the 
mitigation hierarchy within the environmental licensing process over
seen by the National Environmental Licensing Authority (ANLA) 
(Murcia et al., 2017). Despite these political and social intentions, 
Colombia currently reports only 378,625 ha under restoration, with 
152,622,941 trees planted (Ministerio de Ambiente y Desarrollo Sos
tenible, 2023). Moreover, no plans or policies at the national scale 
include a concrete mechanism to report compliance with targets, or to 
monitor outcomes of restoration activities.

Defining the successful outcome for an ecological restoration process 
in the context of differing restoration goals is challenging. Success has 
often been measured through the number of established trees or plants, 
the area over which restoration activity has taken place, and the 
assessment of vegetation cover (Aguilar-Garavito and Ramírez, 2015). 
These indicators, while useful, are deficient as proxies for the real pro
cess, leaving out many relevant ecosystem and socioeconomic processes 
(Chazdon and Brancalion, 2019). Understanding what measures are 
being used to define ecological restoration success in existing projects, 
and what this may mean for successful restoration outcomes, is therefore 
critical.

In this study, we collected comprehensive information on the loca
tion and status of ecological restoration projects implemented by public 
and private investment throughout Colombia, building on records 
collected via a questionnaire survey in 2012 (Murcia and Guariguata, 
2014). We used data from multiple publications, official reports, existing 
databases, and direct communication with researchers and restoration 
professionals via an online survey. We posed the following key ques
tions: 1) To what extent is ecological restoration driven by legal 
frameworks? 2) What proportion of restoration projects are funded by 
the private sector versus the public sector? 3) How are restoration 
projects spatially distributed in relation to different ecosystems and 
protected areas? 4) What type and extent of monitoring is being carried 
out?

2. Material and methods

Data on existing restoration projects in Colombia was collated from 
two publicly available databases in Colombia: SECOP (the national 
“Electronic Public Procurement System” that contains data on all con
tracts made using public funds, capturing restoration contracts held by 
public and private sector contractors, https://www.colombiacompra.go 
v.co/secop/secop), and ANLA (the “National Authority of Environ
mental Licenses” database of environmental compensation projects, htt 
ps://datosabiertos-anla.hub.arcgis.com). The ANLA database captures 
ecological restoration actions conducted as part of environmental 
compensation requirements for large infrastructure projects (defined as 
those that cover the jurisdiction of multiple environmental authorities or 
overlap multiple National Parks or departments). A third government 
database, SNIF (the “National Forestry Information System”, http://snif. 
ideam.gov.co/ideam-snif-web) records forestry projects enacted by 
regional authorities in Colombia, including those related to restoration, 
but this data was not accessible for the purposes of the study due to 
restrictions on data use.

Data was also collected via direct communication with stakeholders 
involved in restoration in Colombia, identified via the Colombian 
Ecological Restoration Network (REDCRE); letters of invitation and 

online meeting requests were sent to forty-seven people (Supplementary 
Table 1), inviting them to share information as part of the study. Mul
tiple parties expressed interest but were not able to share full technical 
documents or reports. An online survey was therefore also designed to 
collect data from the same stakeholders, to collect specific information 
about restoration projects. This survey form was sent to the same 
stakeholders (survey structure shown in Supplementary Text 1). How
ever, participation was very low, with only nine people completing the 
form.

Four existing databases of restoration projects were also included in 
the data collection: a database compiled by CIFOR in 2012 via a ques
tionnaire survey (Murcia and Guariguata, 2014), the MANRESCO v. 1.0 
database of mangrove restoration projects compiled by INVEMAR, the 
Colombian government research institute for coastal, marine and 
oceanic ecosystems (Rodríguez-Rodríguez et al., 2021), the REDCRE 
database (Peña-González et al., 2018) which included restoration pro
jects presented at scientific events, and a database of ecological resto
ration projects focused on soils (Durán Dueñas, 2018).

All data was stored in an Excel database (Supplementary Data 1), 
capturing data on key aspects of project location, disturbance type, 
finance, ecosystem, aim of restoration, presence and duration of moni
toring, and whether the project was part of an environmental compen
sation scheme (Table 1). Data was collected between September 2021 
and March 2022.

Duplicate information across the different sources was removed by 
cross-checking and complementing and confirming information when 
necessary. Restoration projects were only included in the database if 
they contained information on location (to at least department level 
within Colombia), date of intervention, and the type of restoration. 
Projects that did not have restoration as their main objective, or only 
reported characterization of restoration needs without evidence of 
implementation, were excluded.

2.1. CIFOR database

Of the 119 restoration projects presented by Murcia and Guariguata 
(2014), ten projects were not included in our database due to lack of 
information and supporting documentation, and lack of certainty about 
implementation of restoration action where titles of reports included 
terms such as “diagnoses” or “guidelines”.

2.2. ANLA database

The National Environmental Licensing Authority (ANLA) is respon
sible for ensuring that development subject to licensing complies with 
environmental regulations, including ecological restoration where 
required within the mitigation hierarchy. Private companies must pre
sent and execute restoration plans as part of offsets and report them to 
ANLA. Only projects with core information were incorporated into the 
database for this study (as a minimum, the number of hectares, date of 
initiation or publication, type of restoration action), and that had been 
approved, executed, or were currently being executed.

The ANLA database contained 2160 records of “1 % investment” 
projects from companies capturing surface and groundwater resources – 
a legal obligation as part of obtaining water rights. However, only 98 
projects were approved and supervised by ANLA, and of these only 20 
records related to restoration and had the core information required for 
inclusion in the database. The remaining records reported improvement 
activities in rural aqueducts, water treatment systems, environmental 
education programs and workshops. In addition, 2100 records of 
ecological restoration for offsetting were reported, of which 700 projects 
had been executed or were in execution, but only 176 records contained 
core information and were included in the database.
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2.3. SECOP database

The electronic system of public procurement was searched using 
keywords: restoration, recovery, rehabilitation, planting, and sowing. This 
resulted in >1000 records of contracts related to ecological restoration. 
Several records were discarded that were related to machinery con
tracts, maintenance, purchase of inputs or tools, calls for bids or tenders, 
or contracts that were published but were not executed or were not 
completed. Only contracts that had been completed or concluded were 
included. Where necessary, contracts were reviewed completely to 
extract information on the number of hectares and type of restoration, 

given that in many cases the project titles did not provide much 
information.

2.4. Classification of restoration approach

Projects were classified into three main categories based on the type 
of intervention used during the ecological restoration process, following 
principles established by the Society for Ecological Restoration (Gann 
et al., 2019), Chazdon et al. (2016), Holl and Aide (2011), and Aguilar- 
Garavito and Ramírez (2021).

Assisted restoration: this approach involves specific human in
terventions aimed at facilitating or accelerating natural restoration 
processes, particularly in areas where ecosystem conditions do not allow 
spontaneous recovery within reasonable periods. These interventions 
include activities such as planting native species, controlling invasive 
species, and improving soil conditions (Society for Ecological Restora
tion International, 2004; Holl and Aide, 2011).

Natural regeneration: this category corresponds to spontaneous re
covery processes that occur when the disturbances or pressure limiting 
regeneration are removed. This approach relies on the inherent capacity 
of ecosystems to self-recover, allowing biodiversity and functionality to 
be restored without direct human intervention (Chazdon et al., 2016; 
Society for Ecological Restoration International, 2004).

Assisted restoration and natural regeneration: this category com
bines elements of assisted restoration and natural regeneration. Initial 
human interventions, such as soil stabilization or the introduction of key 
species, are used to promote long-term natural recovery processes in 
partially degraded areas (Gann et al., 2019; Aguilar-Garavito and 
Ramírez, 2021).

Each project was classified into one of these categories based on 
descriptions available in project records and serve as the conceptual 
framework for analyzing restoration actions in Colombia in this study.

2.5. Location data

Where possible, point location data was obtained for project records 
based on the description of the project location. Specifically, out of the 
675 projects analyzed, 613 provided detailed information beyond the 
name of the municipality and department, such as coordinates or spe
cific site descriptions. Among these, 261 projects included precise point 
coordinates, which were validated for accuracy before use.

3. Results

A total of 675 ecological restoration projects met the criteria for 
inclusion in the database, with project dates ranging from 1993 to 2021 
(Fig. 1, plus a single project in 1963 not shown). The year with the 
highest number of projects reported was 2013 (60 projects). Four hun
dred and thirty projects (64 %) provided explicit data on the area of land 
under restoration, while the remaining 245 projects (36 %) provided no 
data on the area under restoration. The total sum of the area covered by 
the 430 projects that did provide area data was 111,593 ha.

3.1. Actors

The number of projects enacted as part of environmental compen
sation schemes has remained relatively steady since 2005, totaling 188 
(29 % of records), with the majority being enacted by companies, and a 
few by NGOs, universities, or National Natural Parks (Supplementary 
Fig. 1). Companies were the most common restoration actors overall, 
running 211 projects (31 %), followed by environmental local corpo
rations (144 projects, 21 %) and NGOs (88 projects, 13 %). This pattern 
may be driven by accessibility of data from the ANLA and SECOP da
tabases, whereas it is more difficult to gather data on projects developed 
by private actors. Other actors include the Ministry of Environment (57 
projects, 8 %), universities (32 projects, 5 %), municipal authorities (28 

Table 1 
Key data fields in the restoration project database.

Data field Description

Numeric ID Unique ID number for project
Title of the project Project title
Author / Contact / 

Contractor
Key contact/contractor for project information

Organization Organization conducting restoration project
Organization type Environmental authorities/National Natural Park/ 

University/Company/NGO/Botanic Garden/Research 
institute/Municipal authority/Ministry of the 
Environment/Individual

Type of financing National government/National and International/ 
National/ International

Type of executor Private/Public/Public and private
Date of publication 

(Year)
Date reported in publication

Activity initiation 
(Year)

Date reported in publication

Compensations Yes/No
Project phases Diagnosis/Implementation/Planning
Monitoring Yes/No
Years of monitoring <1 year/1–5 years/>5 years
Target land cover Mining extraction areas/Mosaic of crops with natural 

spaces/Urban green areas/Mosaic of crops, pastures and 
natural areas/Mosaic of pastures and crops/Mosaic of 
pastures and natural spaces/Wooded pastures/Weeded 
pastures/Lagoons, lakes and natural swamps/Shrubland/ 
Grassland, Scrubland/Plantation Forest/Secondary or 
transitional vegetation/Grassland

Type of restoration 
approach

Assisted restoration/Natural regeneration/Assisted 
restoration and Natural regeneration

Restoration actions 31 different actions identified e.g. enrichment planting, 
vegetation nucleation, perches, live fences, invasive 
species control

Disturbance Several disturbances/Mining and extractive industry/ 
Civil works and infrastructure/Agricultural and livestock 
use/Urban sprawl/Invasive species/Forest plantations/ 
Deforestation/Natural origin/Fires/Livestock use

Type of land being 
restored

Forestry/Forestry-production/Urban areas/Forestry 
protection-production/Forestry-protection/Agroforestry/ 
Civil works and infrastructure/Mining and extractive 
industry

Main aim of restoration Ecological connectivity/Soil erosion prevention/ 
Recovery and conservation of natural resources/ 
Hydrological restoration/Water resource protection/ 
Production (agroforestry/silvo-pasture)/Control and 
elimination of invasive species/Ecological restoration of 
mangroves/Reef restoration/Disaster risk management

Area of land in project 
(Ha)

Area reported to be under restoration

Latitude If point location available, in decimal degrees
Longitude If point location available, in decimal degrees
Department- 

Municipality
Unique combination of department and municipality 
name, used in mapping

Location Name of location e.g., national park, village
Biogeographic province Following (Hernández et al., 1991)
Potential Ecosystem Potential ecosystem based on project location, following (

IDEAM, 2017)
Reference URL for original reference document, if available
Source If sourced from ANLA/SECOP/MANRESCO v. 1.0 

databases
Costs Any reported costs in USD
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projects, 4 %), research institutes (27 projects, 4 %), and National Parks 
and the Botanical Garden of Bogotá (22 projects, 3 %, each). In total, 53 
% of the projects were carried out by public entities, 37 % by companies, 
while NGOs and academia only contributed 5 % of the projects 
respectively.

3.2. Restoration actions

Assisted restoration was the most common restoration approach 
(448 projects, 66 %), mostly in compensation projects enacted by 
companies, followed by the combination of assisted restoration and 
natural regeneration (120 projects, 18 %) and natural regeneration (80 
projects, 12 %; Supplementary Fig. 2).

A combination of several restoration techniques was evidenced in 
most of the projects. The most common techniques were tree planting 

(243 projects, 36 %), perimeter fencing and area conservation (68 
projects, 10 %) and aquatic restoration (54 projects, 8 %, Supplementary 
Fig. 3).

3.3. Location and ecosystem types

The greatest concentration of projects was found in the Norandina 
region (328 projects, 49 %), which is the most degraded and densely 
populated area of the country, containing highly degraded ecosystems 
such as the high Andean, Andean and sub-Andean forests, and paramo 
ecosystems (Fig. 2). These projects are in the departments of Cundina
marca (85 projects, 13 %), Antioquia (80 projects, 12 %), and Casanare 
(68 projects, 10 %).

The Orinoquia region also had many projects (104 projects, 15 %); 
this region is characterized by the presence of extractive industries, 

Fig. 1. Number of projects recorded by year according to the year of initiation (top) and publication (bottom).

Fig. 2. Total number of ecological restoration projects per municipality, with point locations where available, for all projects (main map), restoration projects 
implemented voluntarily (top right inset, compensation = “no”), or as part of environmental compensation schemes (bottom right inset, compensation =
“yes”). projects.
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mostly oil, and many environmental offset processes have been carried 
out. Data on most projects in this region were extracted from the ANLA 
database, where ecosystem type was not reported. The most predomi
nant ecosystems in this region are savannas, but riparian forests, mori
chal forests, wetlands, and lagoons also exist.

Mangrove ecosystems had the greatest number of projects (166 
projects, 25 %, Supplementary Fig. 4), which are found in the Caribbean 
and Choco-Magdalena regions and are partly well-represented in the 
data due to targeted projects and a specific database focused on this 
ecosystem (MANRESCO). However, other ecosystems that provide 
direct benefits for people, such as the paramo (20 projects, 3 %) and 
wetlands (12 projects, 2 %), and ecosystems at risk of loss, such as the 
tropical dry forest (28 projects, 4 %), had few reported restoration 
projects. Finally, only 11 projects (2 %) were identified in the Amazon 
region.

3.4. Type of land disturbance and restoration aim

The main land disturbances reported by restoration projects are 
areas affected by civil works and infrastructure (162 projects, 24 %, 
Supplementary Fig. 5), mining and extractive industries (153 projects, 
23 %), deforestation (62 projects, 9.2 %), agriculture and livestock (53 
projects, 8 %) and areas affected by invasive plants (41 projects, 6 %). In 
addition, 45 projects (7 %) reported several types of disturbance, while 
162 projects (24 %) did not provide any information on the type of 
disturbance.

The aims of restoration differed among projects, and while all 
mangrove projects were enacted with the aim of ecological restoration, 
multiple aims were reported for other ecosystems (Fig. 3). The recovery 
and conservation of natural resources (233 projects, 35 %, Fig. 3), was 
most common, followed by the protection of water bodies (119, 18 %) 
and the ecological restoration of mangroves (103 projects, 15 %). By far 
the largest project in terms of area aims to improve ecological connec
tivity in a flooded savannah.

3.5. Monitoring

Projects should include a monitoring process with criteria and in
dicators to demonstrate changes in structure, composition, function, and 

socioeconomic aspects, to establish compliance with restoration objec
tives and show changes over time. Only 6 % of projects (12 projects) 
conducted as part of environmental compensation schemes reported any 
type of monitoring, leaving 176 projects with no apparent monitoring 
(Supplementary Fig. 6). In contrast, 31 % (141 projects) of non- 
compensation projects reported some level of monitoring. Across all 
projects, 67 (10 %) reported monitoring lasting less than one year, 70 
reported monitoring of 1–5 years (11 %), and only 15 projects (2 %) 
reported monitoring for more than five years.

In most cases, projects with monitoring (lasting from less than one 
year to five years) focused exclusively on evaluating the implementation 
of proposed restoration actions. This means they primarily verified 
whether the planned activities were conducted and whether the pro
posed targets were met, particularly in terms of the number of hectares 
implemented and the location of intervention sites. Some projects that 
conducted short-term (more than one year) and medium-term (one to 
five years) monitoring additionally evaluated the survival and growth of 
planted vegetation.

On the other hand, the few projects that performed long-term 
monitoring (over five years) included some indicators to assess ecolog
ical processes, such as succession, and landscape metrics, such as con
nectivity and patch size. However, these projects are rare and are either 
associated with large-scale initiatives with significant funding, or are 
academic studies conducted by universities.

Beyond the data on monitoring duration, it was not possible to obtain 
detailed information about the specific types of monitoring conducted in 
most projects. For example, the use of techniques such as remote 
sensing, in-person monitoring, or biodiversity tracking with camera 
traps was not explicitly reported. This represents a significant gap, as 
such data could provide valuable insights into the quality and focus of 
restoration efforts. Emerging markets, such as premium carbon credits 
and biodiversity credits, increasingly demand evidence of restoration 
effectiveness, which may influence the design of future monitoring ef
forts. This highlights the need for standardized reporting protocols to 
capture the type and quality of monitoring in restoration projects, which 
could significantly improve the transparency and effectiveness of 
restoration practices in Colombia.

Fig. 3. Number of projects and their area according to the restoration aim and the type of ecosystem.
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3.6. Funding sources

Funding for restoration mostly came from national sources (599 
projects, 89 %), followed by mixed contributions from both national and 
international sources (18 projects, 3 %). Most projects were supported 
by public funding, followed by private funding, most of which were 
supported by companies and represented environmental compensation 
schemes (Fig. 4). Projects run by other organizations, such as univer
sities, research institutes, NGOs, National Parks, companies and regional 
authorities, were predominantly funded by public funds.

4. Discussion

In this study, we collected comprehensive information on the loca
tion and status of ecological restoration projects implemented by public 
and private investment throughout Colombia. First, we determined to 
what extent ecological restoration is driven by legal compensation 
frameworks, thus generating zero net restoration, instead of net 
ecosystem gain. Additionally, we analyzed the proportion of projects 
funded by the private sector versus the public sector and examined the 
spatial distribution of projects in relation to different ecosystems and 
protected areas. Finally, we evaluated the type and scope of monitoring 
being carried out. These analyses provide a deeper understanding of the 
challenges and opportunities for ecological restoration in Colombia, 
highlighting the need to improve the effectiveness and impact of these 
initiatives. They also offer perspectives for developing ecological 
restoration in Latin America and the Caribbean, as well as in other 
developing countries.

Different national policies in Colombia have coincided with peaks in 
the initiation of restoration projects. The Strategic Plan for the Resto
ration and Establishment of Forests in Colombia (Ministerio del Medio 
Ambiente, 1998) coincided with the year in which publications about 
restoration projects started, while a second surge in project activity can 
be identified after the publication of the National Restoration Plan 
(Ministerio de Ambiente y Desarrollo Sostenible, 2015). The “National 
Strategy for Environmental Compensation” (Ministerio de Ambiente y 
Desarrollo Sostenible, 2012) provides tools to guide compensation 

actions to offset environmental impacts, focusing on preservation, 
restoration, and sustainable use, in line with biodiversity management 
policies. This instrument improved the implementation and compliance 
of restoration projects linked to extractive activities, and generated 
progress in both restoration investment and monitoring that would 
otherwise be difficult to achieve, but did not coincide with an increase in 
restoration project implementation. In the case of non-offset projects, 
there was an increase in 2013 (the year with the greatest number of 
projects over the study period), followed by further increases in 2015 
and 2017. This may have been driven by incentives through Initiative 
20 × 20 (WRI, 2024), the National Biodiversity Action Plan (NBSAP; 
Ministerio de Ambiente y Desarrollo Sostenible, 2017), and govern
mental targets.

There were also many projects published in 2021. This may be 
related to the government’s commitment to plant 180 million trees by 
2022, following the ‘Champions for One Trillion Trees’ initiative formed 
at the Davos meeting in 2019, which stimulated entities such as ANLA, 
the Ministry of Environment and the District Secretary of the Environ
ment of Bogotá to update their project databases. This initiative also 
indicated the planting of two trees for each employee of private com
panies, to promote reforestation. A legal instrument, law 2173 of 2021, 
was initiated, but this was postponed while a better planning process for 
restoration was developed (Gobierno Nacional, 2021).

While public policies and national or international commitments 
have led to an increase in the number restoration projects, particularly 
in the years following their definition or ratification (as detailed below), 
growing academic and social interest in restoration has also played a 
significant role in driving the development of restoration activities 
(Aguilar-Garavito and Ramírez, 2016). The creation of ecological 
restoration research groups (Supplementary Table 3) has promoted 
various research and thesis projects. Since 2009, the organization of five 
restoration congresses and other scientific events has facilitated the 
exchange of interdisciplinary practices and the establishment of the 
Colombian Network for Ecological Restoration (REDCRE) in 2013. This 
network has fostered collaboration and teamwork among individuals 
and entities interested in restoring Colombia’s ecosystems (Aguilar- 
Garavito et al., 2017; Aguilar-Garavito and Ramírez, 2018).

Fig. 4. Finance type, executor type and organizations implementing restoration projects in Colombia.
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In Colombia, ecological restoration continues to be funded with 
public money allocated from development plans, and with resources 
provided by private companies within the framework of environmental 
compensation for biodiversity loss. These funding modalities are 
consistent with the historical framework that the country has had for 
ecological restoration processes (Murcia et al., 2016) and are also 
defined by Government Plans (Presidencia de la República, 2010, 2014, 
2018, 2022), the National Restoration Plan (Ministerio de Ambiente y 
Desarrollo Sostenible, 2015), and the National Compensation Strategy 
(Ministerio de Ambiente y Desarrollo Sostenible, 2012). However, in
ternational funding, or funding from national institutions that are not 
legally obligated to restore, remains limited and sometimes disjointed. 
There is also no clear funding from civil society or other types of donors. 
According to (Murcia and Guariguata, 2014), this makes sense because 
government has been the major driver of restoration in Colombia, 
through the generation of guidance documents, policy and funding.

Despite this trend, we can highlight a significant change in the state 
of ecological restoration in Colombia since 2014. Murcia and Guariguata 
(2014) and Murcia et al. (2017) found that ecological restoration was 
primarily led by the government in 63 % of the projects, while the pri
vate sector contributed only 5 %. However, our study shows the private 
sector contributes 37 % of the projects, while the state contributes 53 %. 
This is directly obligation by companies to compensate for environ
mental damage since 2012 (Ministerio de Ambiente y Desarrollo Sos
tenible, 2018). Therefore, the state has partly delegated its restoration 
responsibility to companies that are being granted environmental 
licenses for road, infrastructure, and extractive industry projects. 
Accordingly, it is possible that ecological restoration in Colombia is 
being used not to restore historically degraded areas but to address new 
areas being degraded by current economic development policies 
(Aguilar-Garavito et al., 2015).

The spatial distribution of restoration projects continues to follow 
historical trends (Murcia et al., 2016), as well as the distribution re
ported by the Ministry of Environment (Ministerio de Ambiente y 
Desarrollo Sostenible, 2023), being mainly concentrated in the Andean 
region and departments such as Cundinamarca, Antioquia, and Casa
nare, which have high densities of both population and extractive in
dustry projects. This is related to the centralized development of the 
country, and because the main universities, NGOs, and companies have 
their headquarters in these regions (Aguilar-Garavito and Ramírez, 
2015). On the other hand, there is a strong increase in mangrove 
restoration in coastal regions, thanks to the leadership of INVEMAR in 
implementationco, as well as the registration and reporting of projects 
(Rodríguez-Rodríguez et al., 2021; Rodríguez-Rodríguez, 2022). We 
found many issues with the accuracy of reporting project location, as 
coordinates provided in documents in most cases did not correspond to 
the location of restoration implementation, further confirming the need 
for a standardized and centralized registry.

In Colombia there are no standards or open repositories for doc
umenting restoration projects, so entities that are not obligated or 
interested in reporting their restoration activities do not do so, making it 
difficult to identify many restoration activities (Aguilar-Garavito and 
Ramírez, 2016; Murcia et al., 2017). To date, only 10 % of the “1 % 
investment” water rights projects can be monitored and corresponds 
with offset projects (IDEAM, 2024). Further, although the National 
Forest Information System (SNIF) exists, it was not possible to access the 
data at the time of the review as the database was being updated, and in 
any case, this system only captures forest planting and not other 
ecosystems.

There is a notable gap in restoration of tropical dry forests, wetlands, 
coral reefs, seagrass, and páramos. Despite their significant importance 
in terms of social benefits and their threatened status, these ecosystems 
have few projects. This may be due to the lack of biophysical and social 
information available, the small number of companies, experts, NGOs, 
and academic institutions near these areas, their intrinsic biophysical 
and social difficulties, and issues related to land tenure and productive 

intensity, which make it difficult to find available land for developing 
ecological restoration processes (Aguilar-Garavito et al., 2015; Aguilar- 
Garavito and Ramírez, 2016), as well as the high costs associated with 
research and the implementation of restoration strategies in marine- 
coastal ecosystems.

The limited restoration efforts in coastal-marine environments, such 
as coral reefs, seagrasses, and mangroves, highlight the need for inno
vative funding mechanisms to address these critical ecosystems. 
Although our study did not specifically focus on identifying restoration 
opportunities related to carbon markets, the financing potential of these 
mechanisms is undeniable. In this regard, blue carbon ecosystems 
(mangroves, seagrasses, and salt marshes), due to their ability to 
sequester and store carbon up to ten times more efficiently than 
terrestrial forests, could significantly benefit from these initiatives. In 
this context, the Colombian Caribbean, with its extensive seagrass 
meadows, stands out as one of the largest carbon reservoirs in seagrass 
soils per unit area globally (Serrano et al., 2021).

Projects aligned with “blue carbon” initiatives could attract private 
sector investment, creating a sustainable funding model for marine- 
coastal restoration. By leveraging this mechanism, Colombia could 
address restoration gaps in coastal areas while simultaneously 
strengthening its role in the carbon market and contributing to global 
climate goals (see Palacios et al., 2021).

The work of Murcia and Guariguata (2014) identified that only 63 % 
of 119 projects assessed had a monitoring plan and 46 % had an 
implementation compliance evaluation plan. In this study, we find that 
the deficiency in monitoring persists as 77 % of the projects do not have 
monitoring. Ten percent of the projects only conducted implementation 
monitoring, meaning verification of works and development of plant 
material or mortality during the first 10 or 12 months of the process, and 
only 2 % conducted effective monitoring. Additionally, the monitoring 
is based solely on the development and coverage of planted vegetation, 
neglecting indicators with socioeconomic or biophysical relevance such 
as water quality or fauna associated with the restoration process.

Although Colombia has set a goal for the number of hectares 
restored, official reports on show 100 projects and 378,625 ha under 
restoration (Ministerio de Ambiente y Desarrollo Sostenible, 2023). 
However, we found more projects (675) but a smaller restored area 
(111,539 ha).

According to the above, it is necessary to have a public, open, and 
standardized platform to report and analyze restoration projects. Exer
cises like the RESTOR platform (Crowther Lab/ETH, 2024) and the 
IUCN Restoration Barometer (IUCN, 2024), allow the registration of 
projects and browsing of information about carbon, biodiversity, 
climate and related in one place. However, there should be mandatory 
standards for everyone involved in ecological restoration processes in 
Colombia to report their activities. In other places, such as Australia, 
such standards have been developed with very satisfactory results 
(SERA, 2018; Nelson et al., 2024). These standards can be adapted to 
Colombia by considering national documents such as the National 
Restoration Plan and the publications on restoration monitoring from 
the Instituto Humboldt (Aguilar-Garavito and Ramírez, 2015; Aguilar- 
Garavito and Ramírez, 2021). Additionally, they should focus on 
developing ecological restoration based on their mission while being 
supported by other institutions within the National Environmental 
System and academia.

The country has shown a growing commitment by implementing an 
increasing number of hectares under restoration. However, efforts to 
ensure the sustainability of these processes over time have been insuf
ficient. This is concerning, as ecosystems are dynamic and highly sen
sitive to environmental, climatic, and social variables, which can 
interrupt or slow recovery trajectories. A clear example of this situation 
is the Ciénaga Grande de Santa Marta, which has been the subject of 
several restoration projects, such as PROCIÉNAGA and Manglares de 
Colombia. Due to its high environmental sensitivity, this ecosystem has 
been affected by processes like increased salinity caused by the El Niño 
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phenomenon in 2017, resulting in significant losses of mangrove cover 
(INVEMAR, 2018). In 2021, a restoration project was implemented there 
as part of the 180 million Trees initiative, initially achieving an increase 
in mangrove cover. However, the lack of monitoring, maintenance, and 
adaptive management allowed the area to become clogged again with 
macrophytes and sediments, requiring a new intervention in 2023, 
funded with additional resources.

Examples of projects that have integrated monitoring include El 
Quimbo (Torres Romero et al., 2016; Moncada et al., 2020; Torres 
Romero, 2020), developed by Fundación Natura, with implementation 
and short-term effectiveness monitoring that confirmed achievement of 
restoration goals. Los Nevados (Peña-González, 2016; Instituto Alex
ander von Humboldt, 2017), led by Parques Nacionales Naturales, 
included similar monitoring but did not meet its objectives. El Neusa 
(Basto et al., 2018), implemented by Universidad Javeriana, demon
strated successful restoration outcomes, while Rabanal (Aguilar-Gara
vito et al., 2021), monitored by Instituto Humboldt, also reported goal 
achievement through robust monitoring. However, many projects pro
vide insufficient detail in their reports, limiting the ability to assess the 
true scope of their monitoring efforts. Although all these projects 
mention conducting monitoring, most provide very few details in their 
reports, making it difficult to assess the depth and scope of their moni
toring practices.

The combination of historical efforts, the development of a robust 
legal framework, and international commitments have solidified 
ecological restoration as a priority on Colombia’s environmental 
agenda. However, significant challenges remain, including the need for 
sustainable funding, improving technical capacities, and effective co
ordination among various entities and actors involved in restoration 
processes. Furthermore, as (Aguilar-Garavito and Ramírez, 2015) 
conclude, the post-conflict opportunity in Colombia can be leveraged to 
further integrate ecological restoration, ensuring community participa
tion, strengthening the institutional framework, and securing sustain
able funding.

Given the dynamic and sensitive nature of ecosystems, it is essential 
to include short, medium, and long-term monitoring costs in restoration 
planning, as well as maintenance and adaptive management of restored 
areas, right from the initial planning and budgeting phases. This 
approach anticipates challenges and allows strategies to be adjusted 
based on seasonal, climatic, social, and even anthropogenic variations. 
Furthermore, monitoring provides an opportunity to train and develop 
local experts, who can replicate the acquired knowledge, thus ensuring 
the success and sustainability of restoration processes. Monitoring also 
plays a fundamental role in the adaptive management of restoration 
processes. It allows for timely detection of failures or difficulties, opti
mizing actions and ensuring continuous improvement. Additionally, it 
helps evaluate the cost-effectiveness of implemented strategies, facili
tating better planning and execution of future processes. Without 
monitoring, it is impossible to determine the actual cost of restoration 
processes, their level of success, or to advance the field of ecological 
restoration.

Finally, we need to address constraints to the continuity of the 
ecological restoration projects in Colombia: 1) availability of high- 
quality planting material to achieve restoration goals, 2) legal tenure 
of land, 3) continuity of project management, 4) funding for monitoring, 
and 5) local capacity for project implementation.

5. Conclusions

This study identified historical and geographical trends in the 
implementation of ecological restoration in Colombia, along with 
common restoration types and funding sources. Despite progress, 
weaknesses were found, such as broad projects lacking adequate docu
mentation and imprecise start dates, limiting the ability to assess project 
outcomes. Furthermore, the promotion of planting as the primary 
restoration technique, driven by national and international goals, often 

overlooks the specific ecological and social needs of each territory.
To improve the effectiveness of restoration projects, it is essential to 

establish an open, mandatory platform for reporting and monitoring 
efforts, along with standardized guidelines for restoration practices. 
Additionally, it is critical to evaluate contracting methods to ensure they 
address the short, medium, and long-term phases required for successful 
restoration. Well-documented and monitored projects should be priori
tized for deeper studies, and participatory field validations or surveys 
should be conducted. Additionally, national mechanisms for submitting 
restoration reports should be improved, following existing manuals and 
protocols. These actions will lead to more accurate records, better 
project monitoring, and long-term sustainability through local partici
pation and capacity-building.

In summary, while ambitious restoration goals can increase oppor
tunities for funding and conservation, it is essential to prevent them 
from becoming perverse incentives that limit processes to simple tech
niques like planting, without considering the necessary diagnostics, 
monitoring, and maintenance to ensure restoration success.
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