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SERVIR: Cross-Comparison of Carbon Emission 
Estimates Based on Variable Land Use Land 
Cover Changes within SERVIR Focus Regions

Presenter Notes
Presentation Notes
Hello everyone, my name is Christine Evans and I am the Carbon Fellow at the SERVIR Science Coordination Office in Huntsville, AL. Just over a year ago, SERVIR began this Carbon Pilot Project which has continued to grow and expand. Today Ill be sharing where we are with the project and how we plan to continue this growth in the next fiscal year.  



CONNECTING
SPACE TO VILLAGE

SERVIR is a partnership of NASA, USAID, and leading 
geospatial organizations in Asia, Africa, and Latin America. 
▪ We work with countries and organizations in the use of free 

and open satellite data to build resilience to climate change 
and address its contributing causes. 

▪ We co-develop innovative solutions through a network of 
regional hubs to improve sustainable resource management at 
local, national and regional scales.

▪ We build capacity to address critical challenges in climate 
change, food security, water and related disasters, land use, 
and air quality.

ALLIANCE

PHOTO CREDIT: Composite; NASA Goddard Visualization Studios

Presenter Notes
Presentation Notes
To start, lets introduce SERVIR. So SERVIR is a partnership between NASA, USAID, and leading geospatial organizations in Asia, Africa and the Americas. We work through a network of regional hubs where we build capacity in the use of free and open satellite data to address a handful of thematics: climate change, food security, water and related disasters, land use, and air quality. SERVIR is a partnership of NASA, USAID, and leading geospatial organizations in Asia, Africa, and Latin America. We work with with countries and organizations to use satellite and geospatial data for building resilience to climate change and addressing its contributing causes.We co-develop innovative solutions through a network of regional hubs to improve resilience and sustainable resource management at local, national and regional scales.We build capacity to address critical challenges in climate change, food security, water and related disasters, land use, and air quality.



Ensemble approach instead of a 
single GHG estimate approach

Leveraging [all] available 
data (LC + AGB) instead of 
developing our own LC or 
AGB products

Countries need to monitor + 
report on CO2 / GHG emissions

Support Hubs’ 
integration in REDD+ 
reporting processes

SERVIR CArbon Pilot (S-CAP): the big picture

Simple transition from LC 
data to GHG emission 
estimation

Hub integration of GHG 
emission estimates 
into their LC services

PHOTO CREDIT: EarthKAM

Presenter Notes
Presentation Notes
This Carbon Pilot Project spans across all of the SERVIR regions as we realize that every country has a need to monitor and report greenhouse gas emissions. We strive to support out hubs in their integrations of REDD+ reporting. At SCO, we are using an ensemble approach for this project, leveraging all available land cover and biomass data rather than developing our own. There is a plethora of datasets out there that can be utilized by countries in their reporting and we want to help guide them on which datasets are best to use for their regions. And while we are not developing products at SCO, our hubs have land cover services already in place. It is a simple transition from LC to GHG estimation so we are hoping the hubs adopt our methodologies and incorporate them into their ongoing services. 



Pilot Countries
Americas

▪ Costa Rica
▪ Guatemala
▪ Guyana
▪ Peru
▪ Colombia*

Africa
▪ Ghana
▪ Kenya
▪ Zambia
▪ Côte d'Ivoire*

Asia
▪ Bangladesh
▪ Nepal
▪ Bhutan*
▪ Thailand
▪ Vietnam
▪ Cambodia*

*Future additions
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Presenter Notes
Presentation Notes
We started this project in just 5 SERVIR focus countries. After reaching out to regional hubs to present preliminary results, we decided to add up to 10 more countries bringing the pilot coverage to 15 countries. The newest additions being Ivory Coast, Colombia, and Bhutan



Global Land Cover

MODIS - MCD12Q1
JAXA F/NF

Global Forest Watch

Change Detection Algorithm

LandTrendr
CCDC-SMA

Regional Land Cover

RCMRD - CCDC (Kenya, Zambia)
MapBiomas (Peru, Guyana)

Rapid Land Cover Mapper (USGS) (Ghana)
Guatemala Ministry of Agriculture (Guatemala)
RLCMS (Thailand, Vietnam, Bangladesh, Nepal)

Above Ground Biomass

Saatchi et al 2011
Avitable 2015

Geocarbon 2020
GEDI l4b 2021
ICIMOD 2015

IPCC Emission Tables

F/NF reclassification
Annual activity data

Resample to 100m (1 ha.)

Parameterization
Annual activity data

Resample to 100m (1 ha.)

Reduce region to activity data
Biomass x 0.48 = Carbon Stock Emission = Area x Carbon Stock

Emission Ensemble &
Comparison to REDD+ FREL 

Reports

Methodology: Overview

Uncertainty Analysis

Presenter Notes
Presentation Notes
Just to briefly review our methodology, we started with a variety of land cover datasets with global and regional coverage, as well as change detection algorithms such a LandTrendr and CCDC-SMA. These were processed in Google Earth Engine before combining the activity data with various above ground biomass sources. From here we calculated the estimated carbon emissions using equations recommended by the 2006 IPCC guidelines. We have combined these into an ensemble where we are comparing the remotely sensed calculations to each countries REDD+ FREL reports as well as begun an uncertainty analysis on each dataset combination. 



GFW
2001-2020

Activity Data - Guyana Results 

MODIS
2001-2016

JAXA
2007-2017

21,924.83 ha
Annual deforestation

37,705.40 ha
Annual deforestation

11,631.58 ha
Annual deforestation

Global

Presenter Notes
Presentation Notes
To visualize, let's start with the global land cover datasets. Here we have annual activity data and already we can see differences in extent of deforestation. 



GFW
2001-2020

Activity Data - Guyana Results *global
MODIS

2001-2016

JAXA
2007-2017

152.3% difference 
in CO2e estimations 

using global land 
cover datasets

*missing data due to 
ALOS electrical failure* 

Presenter Notes
Presentation Notes
Once we combined these land change outputs with the above ground biomass, we found there was a 153% difference in CO2e



CCDC-SMA
2000-2020

Activity Data - Guyana Results 

LandTrendr
1986-2020

15,334.04 ha
Annual deforestation

11,145.71 ha
Annual deforestation

7,053.59 ha
Annual deforestation

MapBiomas
2000-2020

Regional Change Detection Algorithms

Presenter Notes
Presentation Notes
We realize that while global datasets have high overall accuries, regionally they can differ, so we reached out to the hubs to get their recommendation on which dataset they prefer to use. In this guyana example, they use MapBiomas. We also worked with the hubs to parameterize the change detection algorithms of LandTrendr and CCDC-SMA shown on the right. 



MapBiomas
2000-2020

CCDC-SMA
2000-2020

Activity Data - Guyana Results 

LandTrendr 
1986-2020 Increased to a

173.8% difference in 
CO2e estimations 

when adding 
regional & change 

detection algorithms

Presenter Notes
Presentation Notes
Combining these change extents with the same set of biomass datasets further increased the CO2e estimates to 174%. 



CO2e Comparison

Average Change in Forest 
Area (ha./year)

AGB Carbon Stock
(tons CO2)

Emissions = 
Area x AGB

(tons CO2e per year)

5,791.67 198.57 1,150,070.83
“Guyana has established the time period for historic emissions to 
be from 2001-2012, a total of 12 years...Total deforestation over 

the historic period is estimated to be 69.5 thousand ha.”

~40 estimates per 
country thus far

Presenter Notes
Presentation Notes
We have put all of these calculations into an excel ensamble to compare each of the estimations. Here is where we utilized the REDD+ FREL reports from each country by adding their reported biomass values or their change area to the other datasets. So far there are about 40 estimates per country for comparison. 



Web Platform

Interactive Global Web Mapper 
Functions

AOI selection - Pilot Countries
Visualize data sets

IPCC climate zones
Global Land Cover / AGB

User Land Cover / Carbon Stock
Localized calculations

Plot Generation
Forest Distribution

Carbon distribution
Emission stock over time

Condensed finalized calculations after user input

Presenter Notes
Presentation Notes
Rather than just providing the hubs with a huge excel sheet of calculations, we are currently working on a dashboard where users can select their datasets of choice to visualize, region of interest, and select which calculations their prefer, where that just be CO2e, forest distribution and change over time, carbon stock over time etc. 



Capacity Building
Provide technical trainings on how to estimate CO2e using different datasets

Potential Financial Value
Theoretical value that is lost when tons of CO2 are emitted: demonstrate how much it would be worth if 
the country could get those revenues

Uncertainties
Guide the users on which datasets are the most appropriate for their region

Hub Services
Work with the hubs to incorporate these methodologies into their current land cover services

SERVIR Hub Benefit

Web Platform
User-friendly, needs focused platform that hubs can use to familiarize various datasets to apply to their 
own work 

Presenter Notes
Presentation Notes
Now why would the hubs find this project userful? Well first, each dataset will be accompanied by an accuracy/uncertainty analysis so that the user will be able to select the best inputs for their emission calculations. Next, we are planning capacity building trainings with the regions so that they are able to replicate these methodologies in the future. We are working to incorporate our methods and results into their land cover services. If they are already generate a land change driven services, it is just one extra step to add in an emission aspect. And finally, we are working to incorporate a financial aspect to these calculations to demonstrate how much the country could potentially receive if these areas were not deforested. 



Guyana Mangrove Monitoring Service
This service makes mangrove-related land-use change transparent and the resulting 
analysis publicly available for use by government and civil society to: 

1) act on hotspots of deforestation and stop them on time
2) engage in land-use planning, policy-making and actions that protect 
mangroves from being converted to other land uses
3) plan mangrove protection efforts for farmers in low-lying coastal regions.

Loss in 
Mangrove Area 
(ha./yr)

AGB Dataset AGB Carbon 
Stock (tons 
CO2/ha.)

Emissions = Area x AGB 
(per year)

4,464.41 Saatchi et al 2011 87.35 389,966.21
4,464.41 Avitable 2015 110.56 493,585.17
4,464.41 GeoCarbon 2020 131.65 587,739.58

Presenter Notes
Presentation Notes
I mentioned hub services so I wanted to provide an example. Here is the recently launched Guyana Mangrove Monitoring Service. Mangroves play an important role in carbon sequestration. This team is mapping annual mangrove extents along the Guyana coast so we are working with the team to add our methodologies into this service to monitor how the carbon emissions are changing. 



Glasgow Leaders’ Declaration 
(COP26) goal of global net zero 
deforestation by 2030: “conserve 
forests and other terrestrial 
ecosystems and accelerate their 
restoration”

USAID’s Global Climate Change 
program’s Sustainable Landscapes 
goal “to assist countries to reduce 
greenhouse gas emissions from 
deforestation and land degradation 
and to enhance sequestration of 
carbon associated with sound land 
use and management”

Improved understanding of carbon dynamics (nationally, regionally)

Implications: Policy Relevance

SDG Target 15.2: “By 2020, promote 
the implementation of sustainable 
management of all types of forests, 
halt deforestation, restore degraded 
forests and substantially increase 
afforestation and reforestation 
globally”

"Forest near Vřesina" by Jiri Brozovsky is licensed under CC BY 2.0.

Presenter Notes
Presentation Notes
To wrap up this presentation: In general, this project is targeted to help improve the understanding of carbon dynamics on both a national and regional scale while highlighting the US government's support for climate change mitigation activities. Yesterday we heard from Dr. Argie Kavvada about Sustainable Development Goals and our use of remote sensing to address those. This project addresses SDG 15.2 which promotes the sustainable management of all types of forests and halt deforestation. It also addresses the Gladgow leader’s declaration to conserve forests and accelerate their restoration as well as USAID’s Global Climate Change programs goal of reducing greenhouse gas emissions from deforestation.  



Questions?

PI: emil.cherrington@nasa.gov

Sci PI/me: cae0004@uah.edu
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