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Summary of findings and conclusions
The analysis and results presented in this report consider mangrove and wetland areas
(otherwise known as blue carbon ecosystems) to provide insight into the importance of
considering entire ecosystems rather than just one element. Estuaries and wetlands are highly
important in desert areas since they represent a transition between land and sea. Both ends of
this ecosystem (mangroves on the ocean side and flood/salt marsh on the terrestrial side) are
consistently changing either because of direct disturbance (for example, storms or change in
land use), or from natural processes (for example, ecosystem maturity, geological processes,
etc.) but overall, they remain stable over time.
When considering blue carbon in the context of ecosystem conservation, in this case
mangroves, it makes sense to include the landward side of the ecosystem as well. Mangroves
cannot survive if their surrounding wetland ecosystem (which acts as a buffer) disappears, so
conservation and blue carbon projects may benefit from a broader ecological perspective. The
latter will also benefit biodiversity at broader scales and improve water resource management
locally by increasing the overall health of the ecosystems.
Blue carbon initiatives are becoming more relevant, and Magdalena Bay (Mag Bay) in
Baja California Sur, Mexico, should continue to benefit from conservation efforts. The
communities located in the region rely on healthy mangroves and wetlands for their livelihoods,
as they provide services through fisheries and tourism. There are policies in place that already
provide some level of protection to mangroves, and in the case of the islands, they are part of a
biosphere reserve that provides protection too.1 However, the biosphere reserve does not have
a management plan, which means there is a significant gap in the protection and management
of these ecosystems.
Calculating the value of blue carbon in economic terms is complex, and this analysis
would benefit from group discussions and input from other stakeholders. This first attempt
considers the social cost of carbon2 (SCC) as a proxy, since it is widely used in the U.S. and
other countries. Since the other results showed that MagBay mangroves can be compared to
other mangrove forests in Mexico and the world, these SCC estimates could be used as a
baseline for future analyses.
The InVEST models simplify the analysis process; however, they do not provide
straightforward outputs—they require interpretation. The interpretation of results can prove
complicated at times due to the number of outputs that are generated in the process. Thus,
leveraging other analytical tools (such as R programming) was useful to create a conservation
priority map, since it allowed us to integrate the different elements. In that sense, this may be a
simpler avenue to model management and conservation scenarios, and we believe it should be
further developed.

1

Reserva de la Biosfera Islas del Pacífico de la Península de Baja California
Information on the Social Cost of Carbon can be found here: https://www.rff.org/publications/explainers/socialcost-carbon-101/
2

Introduction
Mangroves and the surrounding wetlands contribute significantly to global carbon
sequestration and, while they comprise less than 0.1% of the Earth’s surface, studies have
shown that they can sequester 13.5 Gt of carbon a year (Alongi, 2012). To put this in
perspective, boreal, temperate and tropical terrestrial forests have a combined global
sequestration rate of 422.4 Gt of carbon annually. This means mangroves contribute about 3%
of global forest carbon sequestration and 14% of marine carbon sequestration (Alongi 2012),
and their carbon stocks are three times the size of those of other types of forests (Donato et al.
2011). Despite this, mangrove forests are being destroyed at an alarming rate, which means
that we are also losing their carbon stocks.
When mangrove forests or wetlands are altered, the carbon stored in the soil is released
into the atmosphere (Adame et al. 2018). However, these ecosystems also lose their ability to
provide other services that benefit species, other ecosystems, and humans themselves. Coastal
wetlands provide protection from storms, stabilize the coastline, decrease flood risk, filter
pollutants from the water, provide nursery and reproductive habitat to many species, and even
hold cultural value for local and regional inhabitants.
Worldwide, mangroves are disappearing at an average rate of 0.26% to 0.66%. In
Mexico, specifically in the Gulf of California, the average annual loss rate of this ecosystem is
0.20%, while the estimated annual rate for the Pacific coast is 0.41% (Hamilton et al., 2016;
Kumagai et al., 2020). The reasons behind this loss in area coverage vary, however the most
common are agricultural expansion, urban development and aquaculture. Understanding and
identifying the value, in economic terms, of the services mangroves and coastal wetlands
provide, can inform management and conservation policies to ensure not only the ecosystem’s
health, but also our wellbeing.
The analysis and results presented in this report build upon the Institute of the Americas’
“Las Californias Blue Carbon Initiative,”3 which includes the blue carbon ecosystems of the Baja
California Peninsula. The overall objective is to identify ripe opportunities for conservation by
studying the ecosystem services these mangroves and wetlands provide and the opportunities
this may represent for local communities to benefit directly from conservation and restoration
efforts. The current climate crisis requires us to continue working towards improving the
methods used to estimate the economic benefits of carbon sequestration and climate mitigation.
This is also a first step towards establishing carbon credits as a source of income for the
conservation and protection of blue carbon ecosystems in MagBay, which truly encompass and
internalize the value of the wide range of ecosystem services these wetlands provide.

Study area
The Bahía Magdalena-Bahía Almejas Lagoon complex (MagBay), located on the
western coast of Baja California Sur, is one of the most important and productive regions in
Northwest Mexico. There are three communities in this region: Puerto Adolfo López Mateos,
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Puerto San Carlos and Puerto Chale. Fishing and ecotourism activities provide jobs and a
stable income to local families (Cota-Nieto et al., 2017; Hernández, 2022).
Methods
InVEST Coastal Blue Carbon 4 models the carbon cycle by accounting for storage in
three main pools: biomass, sediment carbon (i.e. soil), and standing dead carbon (i.e. litter) and
quantifies carbon storage across the land or seascape by summing the carbon stored in these
three pools. It requires maps of coastal ecosystems, data on the amount of carbon stored in the
three carbon pools, and the rate of annual carbon accumulation in the biomass and sediments.
It also requires land cover maps, which represent changes in human use patterns or changes to
sea level, to estimate carbon lost or gained over time. It is important to note that the models
need at least two data points for each category within the study’s time frame to complete the
analysis.
Total net sequestration - refers to the amount of carbon gained or lost within year t. If
carbon is accumulating it will yield a net positive sequestration, and if it is emitting carbon, the
model yields a negative value. A single pixel on the grid may either accumulate or emit carbon,
so the model assumes that a pixel changes from one habitat type to another during a transition
event (for example, from a mangrove covered area to an area cleared of vegetation). The
nature of sequestration (accumulation or emission) remains consistent between transition years
on a given pixel. It is important to note that sequestration is a rate expressed in the estimated
carbon sequestration measured in megatonnes per hectare, per year. This way, sequestration
rates can be compared to that of other mangrove forests (or other blue carbon ecosystems)
more easily.
Carbon stock - for a given year and pool, the stock is calculated by adding the net
carbon sequestration for year x to the stocks available in the prior year (x-1). These are total
amounts expressed in megatonnes of carbon per hectare.
Net present value - The valuation option for the blue carbon model estimates the
economic value of sequestration (not storage) as a function of the amount of carbon
sequestered, the monetary value of each ton of sequestered carbon, a discount rate, and the
change in the value of carbon sequestration over time. For this analysis, we used the SCC to
estimate the economic damages (i.e. cost) of emitting one megatonne of carbon dioxide into the
atmosphere and applied a 3% discount rate. The SCC is a way to express in economic terms
the impacts of climate change, at a global scale. This measure helps inform policymakers,
government, conservation groups, and other sectors about the impacts of increasing or
decreasing emissions. The SCC is expressed in US dollars.
Conservation priority exercise - The prioritizr package in R includes programming tools that
help identify adaptable solutions for spatial conservation problems. For MagBay, planning units
were set at a spatial resolution of 0.01° x 0.01°, resulting in a grid from which priority sites could
be modeled. Each spatial unit has an associated management cost (required by the model), and
in this exercise, we applied equal costs for each unit, assuming that remote monitoring of the
protection progresses could be implemented.
The conservation features used in the model correspond to the following spatial layers:
- Vegetation distribution (mangroves, wetlands)
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-

Islands
Anthropogenic indicators (urban/rural development)
InVEST Coastal Blue Carbon models (carbon stock, total net carbon sequestration,
carbon emissions)

In addition, three restrictions were established before running the prioritization model. The
first was based on the anthropogenic indicators layer, on which the lowest levels were selected
as conservation priority to avoid human settlements. The second restriction was a 50%
guarantee of connectivity between selected conservation units. The last restriction was that the
conservation units selected formed at least a pair to favor contiguity in habitat protection. The
model then selected those planning units that were present in 1,000 different solutions, to have
stronger conservative results that enhance the priority of certain areas. Thus, only the units that
appear in each of the 1,000 iterations are selected.
Findings
The InVEST Blue Carbon model allows us to quantify the value of carbon storage and
sequestration services provided by coastal ecosystems such as mangroves and wetlands. It
helps us understand how carbon storage changes over time and how natural and anthropogenic
impacts can affect these ecosystems, and therefore the carbon stored within them. As a
spatially-explicit tool, the outputs are a set of maps that can help stakeholders visualize areas of
opportunities for conservation (i.e. the low-hanging fruits), as well as vulnerable areas that could
potentially result in loss of habitat and therefore, loss of carbon back into the atmosphere.
Total net carbon sequestration
Carbon sequestration refers to the natural process through which carbon dioxide is
captured from the atmosphere and stored, to prevent it from entering back into the Earth’s
atmosphere. Specifically, biological carbon sequestration is the storage of carbon dioxide in
vegetation like mangroves, wetlands, soils, and oceans. This first set of maps show the
estimated total net carbon sequestration rate (megatonnes of CO2 per hectare per year) for two
specific time periods calculated as the accumulation minus the emissions.
The 2015-2020 map (Figure 1) can be considered the baseline for the overall picture of
carbon sequestration rate. For this period, we know how much mangrove area has been lost or
altered, so the model uses this change to estimate the sequestration rate over time and across
area. The model then estimates how sequestration rates change over time (Figure 2). It is
important to note that this is not a prediction of where blue carbon ecosystems will be lost, but
rather an estimate of how efficiently these ecosystems will be accumulating carbon in the future.
Both maps show that most of the mangrove and wetland areas in MagBay have net
positive sequestration rates with small areas of negative values. The latter are areas that are
emitting carbon back into the atmosphere rather than storing it. This is a process that occurs
naturally when carbon is released back into the atmosphere through biological processes, such
as respiration and decomposition. Additionally, the areas where a negative rate is indicated (red
to yellow), they appear to be areas that are naturally dynamic, so changes or disturbances in
the mangrove and wetland ecosystems are not alarming. For example, connections with the
Pacific Ocean like the southern end of Almejas Bay, display negative sequestration rates on
both maps. Currents, wave action, and winds tend to impact these exposed areas, so changes
in vegetation coverage and substrate stability is consistently changing. However, it is important
to note that the rates seem to stabilize towards the blue-colored levels.

Figure 1. Net carbon
sequestration rate estimates
for 2015-2020 in MagBay. Units
are megatonnes of CO2e per
hectare per year.

Figure 2. Net carbon
sequestration rate estimates
for 2020-2050 in MagBay. Units
are megatonnes of CO2e per
hectare per year.

Carbon stock
Knowing and understanding how carbon is captured and stored across space and time
can help us estimate how much carbon is being stored in specific areas. The carbon stock
refers to the quantity of carbon contained in a specific “pool”, in this case estimated based on
mangrove and wetland vegetation. For this analysis, the model predicts carbon stocks in 2050
by considering high probability of a decrease in sequestration rate or habitat disturbance either
by natural causes or by urbanization, for example.
As was the case with sequestration rate estimates, the carbon stock estimate for 2020
(Figure 3) is the baseline, and the 2050 estimates (Figure 4) shows how these stocks may look
like in the future. Three areas are worth highlighting. Starting at the southern end of the
complex, the area where Puerto Chale is located and the island forming a narrow protective
barrier between Almejas Bay and the Pacific Ocean, shows a slight increase in its carbon stock.
Considering that sequestration rates for this specific area were also improving (see figures 1
and 2), this may be indicating that this area is slowly stabilizing. This does not mean that
mangrove coverage is predicted to increase necessarily, but rather that a combined effect from
healthy mangrove and wetland ecosystems is at play.
Moving north, the second area that displays an interesting trend is the outermost section
of Isla Magdalena, where a small mangrove forest with its associated wetland is located. This
area also appears to increase its carbon stock (green area in 2050 estimates; Figure 4), in what
seems to be the wetland habitat. This small area is surrounded by dunes—a very dynamic
ecosystem that may encroach on coastal ecosystems over time. While mangrove coverage may
not be expected to increase, wetland habitats are important carbon sinks that tend to be
overlooked. These wetland ecosystems in desert environments play a crucial role as stabilizers
and buffers for more fragile ecosystems like mangroves.
Lastly, the third area that is worth discussing is that of Puerto Adolfo Lopez Mateos. The
2020 carbon stock estimates (Figure 3) show levels within 611 and 1,199 megatonnes of
CO2e/hectare (light green and blue). For 2050 (Figure 4), the model is estimating carbon stocks
remaining within the same range (730-1,091 megatonnes of CO2e/hectare), while
sequestrations rate estimates also remained stable, so this may be a result of the model
considering urban development. This community is the fastest growing in the region, and from a
spatial perspective, there is plenty of space for development to take place. While no negative
values (net losses) are estimated, this serves as an example of how anthropogenic activities
impact ecosystem integrity and how InVEST can help us identify areas that require monitoring.

Figure 3. Carbon stock
estimates for 2020 in MagBay.
Units are megatonnes of CO2e
per hectare.

Figure 4. Carbon stock
estimates for 2050 in MagBay.
Units are megatonnes of CO2e
per hectare.

Net present value (Social Cost of Carbon)
We used the social cost of carbon to express the impact of losing mangrove and wetland
ecosystems in MagBay. Worldwide, the SCC is used as an economic proxy that helps guide
conservation and development decision processes because it recognizes that the impact of
releasing carbon back into the atmosphere is not restricted to the area where the loss of
sequestered carbon took place (Alongi, 2012). In other words, losing blue carbon ecosystems in
MagBay and releasing the stored carbon back into the atmosphere will have consequences that
will be felt in other regions of Mexico and the world (in the form of added climate change, for
instance).
Estimating the economic impact of a decision (i.e. removing one hectare of mangrove to
build a housing project) is relatively straightforward. Policy makers will weigh the costs of
building such a project against the benefits generated by such project into the future using a
fixed discount rate. Over time, we expect the SCC to increase because it becomes more
expensive to “fix” negative impacts from climate change. However, as technology improves and
our collective understanding of how ecosystems function increases, we also expect the benefits
of sound and informed decisions to increase. The goal is to have the benefits outweigh the
costs at the end of a specific time period.
The 2020 map (Figure 5) only shows a couple of blue shaded areas where it seems that
the SCC is not high (negative values on scale). These correspond both to areas where urban
development is happening: López Mateos and Puerto Chale. When we look at the SCC
estimates for 2050 (Figure 6), these same areas are now showing higher values (or costs),
although still in the negative range. The negative values do not mean that there is a positive
impact (or an economic gain from the loss of mangroves), but rather that the benefits of altering
that area and potentially releasing that carbon outweigh the costs associated to the resulting
project. Community development (i.e. infrastructure) is usually seen as a benefit, since it may
increase overall quality of life, food production, secure access to energy, etc., so these tangible
benefits to society are weighing against an abstract phenomenon, such as losing carbon into
the atmosphere, which is hard for people to understand.
The SCC is an indirect way of valuing blue carbon ecosystems like mangroves and
wetlands. While the model cannot predict loss of habitat in terms of area, it detects areas where
changes in blue carbon ecosystems are consistently occurring. The overall trend in the
estimated values of the SCC is to increase over time; the darker the red, the higher the cost on
society of releasing one ton of carbon back into the atmosphere. However, further analysis is
required regarding this specific component of the model to better understand how carbon
stocks, ecosystem health, and future development in the region can help us value the services
local blue carbon ecosystems provide.

Figure 5. Estimated social cost
of carbon in 2020 in MagBay.
Analysis used a 3% discount
rate. Values represent U.S.
dollars per hectare.

Figure 6. Estimated social cost
of carbon in 2050 in MagBay.
Analysis used a 3% discount
rate. Values represent U.S.
dollars per hectare.

Conservation priority exercise
Leveraging the knowledge generated through InVEST models, we completed a first
exercise to prioritize conservation efforts in MagBay. The resulting map (Figure 7) shows a
network of conservation (or planning) units that consider not only the results discussed above,
but also other relevant features. Pronatura Noroeste’s conservation units 5 were included to
provide reference as to how they contribute to the overall conservation efforts in the region.
Healthy and resilient ecosystems are necessary to maintain stable sequestration rates
and carbon stocks. This exercise does not undermine the importance of maintaining current
conservation, protection and restoration efforts in certain areas. It is also important to consider
that both, Isla Magdalena and Isla Margarita, are part of the Reserva de la Biosfera Islas del
Pacífico de la Península de Baja California (RBIPPBC) and that all mangrove forests are
currently protected by law, so this output does not mean protection efforts within blue carbon
ecosystems not selected by this model should be suspended or ignored.
Furthermore, the RBIPPBC does not have a management plan, which means there are
no specific guidelines as to how mangroves and other resources and ecosystems on the islands
are to be protected, managed or restored. This represents an opportunity for stakeholders to
contribute to conservation, as management plans have proven to be an efficient tool to guide
decision-making when it comes to ecosystems and the species that live in them. This tool is
particularly useful at local scales, where specific actions can be outlined and designed to
include the participation of local communities.
We observed that guaranteeing the protection of small areas that provide connectivity
along the coast can have significant positive impacts. A fragmented ecosystem loses its ability
to provide services and becomes more vulnerable to natural and human stressors. Ensuring the
ecosystem functionality is crucial for managing blue carbon reservoirs. The results also suggest
that increasing efforts on the north to include the surrounding areas of Pronatura’s properties
may increase the benefits generated by mangrove and wetland habitat.
This exercise excludes urban areas since development tends to be prioritized over
conservation (see SCC section). Valuing mangrove and wetland ecosystem services is an
ongoing challenge. While some services translate into tangible and more short-term benefits for
society (for example, productivity in fisheries or tourism revenues), other benefits (like climate
mitigation) remain abstract. Conservation in urbanized areas should be addressed at the
municipal or delegation level, where such projects are usually evaluated and discussed.
Lastly, this prioritization exercise can be repeated with different assumptions or setting
other conservation features that can be tailored to specific interests and goals. However, it is
crucial for collaborators to consider that implementing any type of conservation or restoration
efforts requires consistent monitoring that can guarantee adaptive management of these units if
long-term goals are to be met. This type of analysis also provides users with a reality check of
what is feasible in terms of human capacity and economic support to sustain conservation,
monitoring and management efforts.
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Figure 7. Network of blue
carbon ecosystem
management units identified
as priority areas for
conservation and restoration.

Conclusions
Ecosystems like mangrove forests and wetlands are among the most important
ecosystems that remove carbon dioxide from the atmosphere and, in desert areas like Baja
California Sur, these ecosystems represent the largest carbon sinks (Alongi, 2012; Ezcurra et
al., 2016; Kumagai et al., 2020). Over the last 25 years, scientists have recognized that blue
carbon ecosystems play an important role in climate regulation and climate change mitigation
far beyond their specific distribution areas. Most importantly, this is on top of the other services
that contribute to our collective wellbeing and provide local communities with benefits through
fisheries, tourism, coastal protection and culture (Aburto-Oropeza et al., 2008; Kumagai et al.,
2020).
Applying data-based economic analysis during decision-making and policy design helps
inform stakeholders on the costs and benefits of choosing certain conservation or development
scenario. Traditional economic analysis can underestimate the long-term benefits of the natural
resources of coastal ecosystems since quantifying ecosystem services in comparable terms to
economic services, productivity, and manufactured capital is challenging (Costanza et al.,
1997). Although significant advances have been made to overcome this challenge, the need for
tools that better allow us to visualize information to support public policy continues. The InVEST
modeling software provides a valuable tool that may help us move forward in this regard.
The blue carbon ecosystems in Bahia Magdalena in Baja California Sur provide a variety
of ecosystem services to both local communities, Mexico and the rest of the world. These are
some of the healthiest mangroves in the Baja California Peninsula and they sustain local and
regional economies through ecotourism and fishing (Cota-Nieto et al., 2017). The results
presented in this report show the advantages of using spatially-explicit modelling tools in
complex cases where decision makers need to consider a wide variety of information. While this
is not a complete analysis, we think there is great potential in using the InVEST models to
estimate the value of other ecosystem services in MagBay and to improve our understanding of
how these ecosystems work and how we can best protect and restore them.
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