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A Target on Synthesis (Not New Research per se)
• The team: 6 university teams with 12 regional counterparts and 

collaborators. Current PIs in SARI who are focused on tree-based land cover 
systems and TOF 

• Target Objective:
• synthesize existing research to assess the current state and trends of 

land-use change in the SARI region, 
• identify important emerging trends and themes relevant to global 

change science and climate change policy.  
• Advance our understanding of the processes, drivers and impacts on 

carbon emissions and removals, with the ultimate goal of developing 
new understanding of the landscape-level drivers of biotic emissions 
and removals. 



Trees Outside of Forest





TOF is Ubiquitous in South Asia















TOF, Forest Landscape Restoration, Climate 
Change Policy



India: Increasing Tree Cover Outside of Forests



Synthesis Rationale
• Understanding LCLUC patterns and processes related to agricultural 

landscapes of smallholder tree-based systems and their potential as natural 
climate solutions. 

• Observation-based:
• How are these landscapes are increasing cover and biomass, and then evaluate what 

conditions lead to increases in tree and forest cover in South Asia, and 
• Process-based: 

• under what conditions do improvements in tree and forest cover contribute to 
improving rural livelihoods? 

• Objectives: 
1. Synthesize current and recent NASA research on LCLUC to contribute to a 

fundamental understanding of their patterns and drivers and 
2. translate fundamental science into evidence-based contributions to important 

climate mitigation and adaptation policy for the region.



Synthesis Framework
• Objective: Fundamental science for evidence-based applications.
• Model: Sustainable Landscapes. 

• an emerging framework that combines evidence from empirical and process-based 
scientific research with policy and oriented models that integrates biophysical and 
socio-economic analysis.

• Actionable Science: framework is adept at translational work that links evidence 
from empirical analysis to successful policy interventions

• Thematic, cover types country focal points: primarily India, but extended to 
the region by testing

• Knowledge characterization and limitations: Systematic Quantitative 
Literature Review (SQLR) framework (Pickering et al. 2021)

• Scientific and technical context: Beyond the forest fringe, beyond the land 
sector type, integrated landscapes, TOF

• Policy context: Expanding the REDD+ Framework (AFoLU), FLR, Net-Zero, 
NbS





Process and Structure

• Meta analysis of the LCLUC-led research, this project Co-Is plus other 
LCLUC PIs, additional external research – the SQLR method

• Structured Questions
• From White Papers to Major Papers (WP in review)
• Synthesis Workshops in the region – PIs plus regional scholars
• First Workshop (April 9-11, Sonipat, India): Synthesis Meeting on 

Scientific Foundations of Natural Climate Solutions in Tree Based 
Systems of LCLUC in South Asia



Workshop Objectives

• Clarify the current state of scientific evidence of LCLUC in agricultural 
and tree-based landscapes including trees outside of forests (TOF) 
and climate change…

• …that can better inform climate change mitigation and adaptation. 
Thus, the important outcomes of these discussions are expected to 
be: 

1. synthesis of current and recent NASA research on LCLUC to contribute to a 
fundamental understanding of their patterns and drivers and 

2. the translation of  fundamental science into evidence-based contributions 
to important climate mitigation and adaptation policy for the region.



Workshop Structure

Thematic Sessions Presented in Plenary
1. Recent results from coupled social and biophysical research, and what 

we are learning from integrated analysis, 
2. An empirical review from the perspective of observations, across earth 

observations (EO), ground-based measurements, and statistical data, 
3. Ideas on how these processes and patterns reveal and underpin an 

understanding of Nature-based Solutions, and 
4. An integration of evidence to support land-based climate change policy 

with NbS that leads to net-zero emissions pathways. 



Workshop Structure
Extended Deliberative Discussions in Small Groups

• Consider the value of integrating biophysical and socioeconomic patterns and 
processes, and how is the approach is leading to better scientific evidence to 
support NbS?

• What is the state of the science in Earth Observations, what has been 
revealed and where are the uncertainties and errors? How can technical 
observations improve policy outcomes specifically?

• What do we know about drivers of TOF; e.g. are they promoted by farmers 
out of awareness of ecosystem values, or does policy and governance play a 
more substantial role in increasing TOF NbS and carbon removals?

• How has NASA LCLUC science increased the evidence basis for NbS and 
climate change mitigation and what are the next big questions to address? 



NbS, land systems, 
and and Net Zero
• IPCC Emission pathways to 

avert a 1.5 degree C 
impact.

• Aggressive in time
• Intensive in magnitude
• Avoid Overshoot (OS)



NbS, LCLUC Systems, and Net Zero



Context: LCLUC, Climate Change Policy



Actionable Science: 
providing the evidence basis for climate change 

policy  
through Nature-based Solutions





1. From a synthesis of the empirical and observational data and reporting.
1. By synthesizing the current data from remote sensing and inventories, what has been the trend in Land Cover

and Land Use Change in the SARI region, and what do the best projections tell us about future directions in
forests, trees outside of forests and agricultural cover and use?

2. Given recent preliminary evidence of trends in the region and globally of increasing tree cover, are there
landscapes and “hot spots” where we observe significant increases in biomass and carbon stocks from tree
cover, and would they be quantitatively important now or in the future for removals of atmospheric carbon
dioxide?

3. Given already sophisticated capabilities for monitoring dense forest cover, what are future methodological
advances to further improve capabilities – what is the current state of practice for large scale monitoring,
measuring, and mapping TOF cover and biomass, and how can tree-based landscapes best be monitored using
remotely sensed data?

2. From a synthesis of current process-level understanding of the drivers of the observations from monitoring.
1. What is the relationship between tree-based (TOF) landscapes and livelihoods, primarily in rural areas, and

how do these relationships differ from landscapes in the absence of tree-based systems?
2. Consistent with some preliminary evidence from the region and elsewhere, are observed increases in TOF

directly and actively promoted by farmers, and does this coupling between biophysical response and socio-
economic drivers relate to decisions based on livelihood strategies, incomes, and/or benefits from ecosystem
services values?

3. How do policies, governance, or farm level decision-making impact the formation and retention of tree-based
landscapes and increased levels of biomass in different non-forest landscapes?
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