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Summary and Project Status 

The project is structured around five primary research objectives. None of these objectives nor the overall 
scope of the project has changed since its inception. The project design is taking shape to facilitate the 
examination of the impacts of large-scale land transactions in three countries with distinct social, 
ecological, and institutional arrangements: Ethiopia, Liberia and Tanzania. We have been collecting 
aggregate census, survey, and remotely sensed data over time, and designing the household survey 
instrument for the study. Although these approaches are limiting in their own ways, the integration of 
these approaches will allow for important findings about the impact of large-scale land transactions in 
sub-Saharan Africa.  
 
In this document, we report on the status of the project, relative to the five original research objectives. 
While we have pursued synthesis objectives based on existing data, the project has also necessarily 
involved significant efforts to build the research team, including international field teams, develop the 
necessary capabilities, and design international field work. In order to complete project objectives, we 
request a no-cost time extension to the project. Additionally, the PI will be moving to a new institution as 
of Jan 1, 2018. For continuity of the effort we are also requesting a change of PI and budget change to 
minimize the impact of this change on the project. Justification for these changes and their implications 
for the project are described below. 
 
New contact information for PI: 
 
Daniel G. Brown 
Corkery Family Director and Professor 
School of Environmental and Forest Sciences 
College of the Environment 
Box 352100 
University of Washington 
Seattle, WA 98195-2100 
Ph: 206-685-1928 
Email: danbro@uw.edu 
 

PI Change: The change, effective Jan 1, 2018, is needed to maintain progress and continuity on the 
project objectives as the PI transfers employment to a new institution. Prof. Arun Agrawal is currently a 
co-I on the project and has co-equal responsibility with the PI for overseeing the synthesis results from 
the project and is supervising the household data collection efforts around large land transactions. Listing 
him as PI will have no effect on project scope. Prof. Brown will remain as a co-I with co-equal 
responsibility for synthesis results and primary responsibility to lead remote sensing efforts to map land-
cover change around large land transactions. 
 
No-cost extension: Our efforts to coordinate data collection efforts in three African countries have been 
delayed for a variety of reasons. In Ethiopia, civil unrest caused a delay in implementing the survey and it 
is scheduled to start in March 2018. In Tanzania, our first identified contractor for the survey work failed 
to follow through, so we are developing a contract with a second contractor. That survey is also scheduled 
to commence in January 2017. Further, our efforts at mapping land-cover change from high-resolution 
images have been delayed through a change in method that, on one hand, is speeding up our work, but on 
the other has set us back as we restarted the effort. That work is well underway and we expect it to be 
completed during the first half of 2018. We are on track to complete data collection and analysis in 2018. 
 



3	
	

Rebudgeting: We have submitted a budget revision to facilitate continued involvement of the current PI in 
the project, by allowing us to set up a subcontract to the University of Washington. The scope of work 
remains the same.  
  
The status of the project relative to each of the three research objectives is as follows:  
 
Objective 1: Collect Transaction Data 

We have published a letter in Science and are working another 
manuscript on the importance of unbiased samples in systematic 
research about land transactions. To collect reliable data on land 
transactions, our research team members have been working with our 
country-specialist partners and relevant government agencies in 
Ethiopia, Liberia and Tanzania to update the list of transactions, 
collecting detailed information on their boundaries and other 
attributes, and integrating them with other available social and 
environmental information. Our partnerships build on a recently 
launched research effort in Liberia on land titling  (Sustainable 
Development Institute), and long-term research relationships in 
Ethiopia (Ethiopian Environment and Forestry Research 
Institute) and Tanzania (Sokoine University of Agriculture – but see note below about change in 
international partner), created through the International Forest Resources and Institutions Program 
directed by co-PI Agrawal. PIs Brown and Agrawal visited the field sites in Ethiopia and Tanzania in the 
summers of 2015, 2016, and 2017 to strengthen the collaboration with 
our in-country partners. One of our postdoctoral researchers, Dr. Liao, 
was based in Ethiopia in the summer of 2016 to conduct pilot fieldwork 
and ground-truth the land transactions in the regions of Oromia, 
Beninshangul-Gumuz, and Gambella, and the findings, in addition to 
being published, have fed into household survey design and 
implementation. One of our PhD students (Jon Sullivan), made two 
extended visits to visit field sites coordinate with in-country partners in 
Tanzania, and another post-doc (Dr. Suhyun Jung) has visited field sites 
and coordinated with in-country partners in Liberia. 
 
The second step is to collect boundary data for the identified transactions. We have been using two 
methods for delineating the boundaries of transactions for which 
reliable government records are absent. For the smaller transactions 
(less than 5,000 ha), we navigated the actual boundary of the 
transacted land and used a GPS-enabled mobile-device to create a 
boundary layer for our data analysis. For larger transactions, we worked 
with knowledgeable experts to digitize the boundaries of the transacted 
parcels on high-resolution imagery such as Google Earth. The second 
process yielded less accurate boundaries than the first, but with several 
area experts working together to interpret boundaries on top of existing 
high-resolution satellite imagery, we collected relatively reliable boundary 
data at a low cost in both Ethiopia, Tanzania, and Liberia.  
 
Based on our pilot fieldwork in the summer of 2016, we selected a sample 
of 8 land transactions in three regions in Ethiopia: 5 in Oromia, 4 
in Beninshangul-Gumuz and 4 in Gambella. Our sample 

Sampled land transactions in Ethiopia 

Sampled land transactions in Liberia 

Sampled land transactions in Tanzania 
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selection was from a pool of over 800 land transactions, and we sampled proportionally from strata of 
transactions classified according to their relative size, use, and contextual factors to ensure a 
representative sample. We have selected four transactions in Tanzania and three in Liberia. The smaller 
number in Liberia than anticipated is due to the large size and small number of transactions in Liberia 
overall.  
 
Objective 2: Relating Transactions to Socio-Environmental Contexts among Sub-National Units 

To compare patterns of transactions across different social and ecological contexts, we compiled 
information about the social and ecological characteristics of sub-national units (i.e., regions or provinces) 
from existing statistical, survey, and satellite-based sources. In addition to data on socioeconomic and 
environmental contexts, we summarized information about the numbers, sizes, and purposes of the land 
deals in these sub-national units to better understand the contexts within which these deals are being 
pursued. Linking land transaction data with the social and environmental context is necessary for a 
sufficiently finely resolved picture of the landscapes targeted for transactions and to understand the 
effects of tenure and ownership changes on land outcomes.  
 

  
 
We have made good progress on data compilation in Ethiopia. Our in-country partner has provided us 
with the Population and Housing Census data, Demographic and Health Survey data, Agriculture Sample 
Survey data, Household Income, Consumption and Expenditure Survey data, National Labor Survey data, 
and Welfare Monitoring Survey data. We have also obtained data from the World Bank’s Living 
Standards Measurement Study (LSMS) and the Integrated Public-Use Microdata Series (IPUMS – 
International).  
 
We have summarized the variability in land-cover and land-cover change within the sub-national units 
using coarse-resolution satellite-based data products (MODIS from 2001-2012 at 500 m resolution), 
moderate resolution data (30 m) on forest cover change from 2000-2012 (Hansen et al, 2013), and coarse-
resolution climate information (1 km) from WorldClim and moderate resolution terrain variables derived 
from the Aster GDEM v2 digital elevation model (DEM).  
 
After summarizing the geographical differences in environmental variables and the economic and 
demographic characteristics of human populations at the sub-national level, we have been evaluating the 
distributions of numbers, sizes, and types of transactions across different social and environmental 

Region Number Area (ha) 
BG 447 201668 
Gambella 252 393662 
Oromia 69 79705 
SNNP 67 164659 
Somali 2 6000 
Amhara 1 6183 
Total 838 851876 

Distribution of transaction sizes and locations (by 
province) in Ethiopia. We are working in bolded 
provinces 
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contexts. Such an examination has allowed us to assess the nature and extent of selection bias in the 
location of transacted parcels with respect to subnational administrative unit characteristics, and helped us 
structure our sample of transactions for field data collection.  
 
We have developed a manuscript based on our work on evaluating the context of land transactions in four 
countries for which relatively complete boundary data are available, titled “Socio-environmental patterns 
of large-scale land transactions: Evidence from Ethiopia, Liberia, Cambodia, and Peru,” which is 
currently in revision for submission.  
 
Objective 3: Evaluate Impacts on Forest and Land Cover Change 

Our statistical matching approach to understand the land-cover impacts of land acquisitions requires that 
we compare outcomes in and around recent large transactions with those observed in “parcels” that are as 
similar as possible in terms of observable covariates but for which there is no evidence of recent tenure 
change. Covariates for matching include variables representing both environmental and socioeconomic 
factors on which data are already available. To the degree possible, and to avoid duplicating previous 
efforts in the LCLUC community, we took advantage of the 1-km global data sets compiled by the 
GLOBE project at University of Maryland Baltimore County, which includes both environmental and 
socioeconomic variables. These variables allowed us to identify places that share characteristics with 
transacted parcels. We have compiled the necessary data for matching, and the post-doctoral researchers 
and graduate assistant have started developing matched areas.  
 
We have been experimenting with 
two different spatial matching 
approaches to evaluate the impact of 
land transactions on forest cover. The 
first one is the traditional spatial 
matching approach at the point level, 
in which a set of systematic points 
were generated within land 
transaction boundaries as treatment 
observations, and another set of 
systematic points were generated 
within 30-km buffer of the 
transaction boundaries as control 
observations. We used these points to extract social, economic, and 
environmental covariates from the raster images, including population 
density, night light index, and forest cover. Then we applied the 
propensity score matching algorithm to select the observations in the 
control group that has similar population density, night light index 
and forest cover with those in the treatment group. Finally, we 
conduct t tests to evaluate the treatment effect on deforestation rate by 
using the treatment and matched control observations.   
 
The second, more novel, approach is a region-growing algorithm at 
the polygon level. In contrast to the traditional spatial matching 
technique, this approach grows a control polygon in the buffered non-
treatment area that has the same size as the treatment polygon pixel 
by pixel. The region-growing algorithm, seeded with random pixels 
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selected from a set that is similar to pixels found in the transacted parcel, is able to identify virtual regions 
with the same area and similar statistical properties on covariates for transacted parcels. The team has 
developed a working algorithm using R, and will develop a manuscript comparing this with the 
traditional, pixel-based approach. 
 
To measure land-cover outcomes, we have been making use of existing satellite-based land data products 
as well as some new data. At moderate resolutions, we have been using Landsat-based estimates of 
deforestation rates (Hansen et al. 2013). This product provides wall-to-wall coverage and is useful for a 
complete analysis of all transacted and matched parcels. Additionally, for the sampled transacted areas, 
buffer areas, and one set of control areas, we have engaged undergraduate students at the University of 
Michigan in semi-automated, object-based interpretation of land use/cover using available high-resolution 
data contained within the 
NGA commercial data 
archive (CAD4NASA). 
The interpretations involve 
labeling image segments 
within hexagonal areas, to 
streamline workload, and a 
classification scheme 
developed for the African 
agricultural landscapes 
(e.g., Smallholder 
agriculture, Intensive 
agriculture, 
Woodland/savannah, 
Forest, Development, Shrubland, Plantation, etc.).  
 
For Ethiopia we have acquired 1,426 images to interpret land use/cover at eight transactions (treatments) 
and eight matched controls both before (2000s) and after (2010s) transactions. Given the time-effort 
involved in these interpretations, we are exploring alternative approaches for Tanzania and Liberia, which 
is much more forested and for which we expect automated methods will be adequate. 
 
Objective 4: Evaluate Impacts on Social Well-Being	 

Our research team is currently revising a manuscript that 
applies the traditional spatial matching technique to 
examining wealth effects of forestry concessions using 
existing survey data available in Liberia. The results show an 
increase in wealth around these forestry concessions 
following implementation, in comparison to similar nearby 
households. Survey results show an increase in agricultural 
wages in the vicinity of the transactions, suggesting an 
indirect effect on demand and prices as the mechanism.  
  
Using qualitative data analysis based on our initial pilot survey of farms in Ethiopia, we have developed a 
manuscript, titled “Diversity of large-scale land acquisitions and their divergent outcomes in Ethiopia,” 
which examines the characteristics and contexts of transactions that lead to bundles of social, economic, 
and environmental that can be characterized as synergy, tradeoff, struggle, and failure. 
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Although existing social survey data we obtained from our in-
country partners are useful to a certain extent, they are limited 
by the spatial masking in publicly available data from these 
surveys, which prevents us from using these surveys to derive 
transaction level at a fine resolution. To address this 
challenge, we have designed household survey tools, and we 
expect to implement the surveys in all three countries in 2018.  
 
Our household survey questions are modeled on existing 
datasets to gather information on basic household 
demographic, educational, and socioeconomic 
characteristics, dependence on land- and forest-based 
economic activities, strategies of natural resource use, 
experiences with economic and climatic shocks, and institutional affiliations. The questions for collecting 
these data are as similar as possible to those used in existing surveys to facilitate consistency across the 
different sources of household data. In addition, we also included questions about familiarity with land 
transactions, and how smallholders’ life and livelihoods have been affected by land transactions. We 
loaded all these questions into tablets by using the Qualtrics App. The research team tested the survey 
questions with 30 respondents in western Oromia of Ethiopia. According to the feedback from the 
enumerators, we revised the questions accordingly to make them better adapted to the research context.  
 
Objective 5: Develop Conceptual Framework for the Influence of Tenure Change on Land-Cover 
Change 

Our focus with this objective is to analyze how the socio-ecological context, characterized primarily at the 
sub-national level, and the characteristics of large-scale land transactions interact to yield both land-cover 
and socioeconomic outcomes as a result of these transactions. By examining the effects of land deals on 
both land-cover change and changes in livelihoods we anticipate being able to draw conclusions about the 
socio-environmental synergies and trade-offs associated with different outcomes (e.g., deforestation and 
degradations in livelihoods) and the drivers associated with these synergies and tradeoffs. By examining 
transactions in three different countries across sub-Saharan Africa, and by collecting information about 
the geographical and sub-national contexts within which land is transacted, we are in the process of 
deriving generalizable patterns about how these contexts condition land transaction outcomes, thereby 
addressing a key limitation of earlier case-based work.  
 
Synthesis workshop activities 
To further advance our synthesis goals, we held a workshop in April 2016, before we have completed the 
analysis at the transaction scale. The workshop brought together an interdisciplinary group of scholars 
with expertise in land-change economics, institutions, socio-economic, and ecological effects, to evaluate 
the evidence available from the global to the sub-national scale and develop a series of testable questions 
and hypotheses that constituted an initial conceptual framework for understanding large-scale land 
transactions in the context of local and regional land-cover change. The workshop is co-sponsored by 
African Studies Center, Center for South Asian Studies, Center for Southeast Asian Studies and School of 
Natural Resources and Environment at the University of Michigan. Other than our team members, 
participants included Ian Baird (U Wisconsin), Sai Balakrishnan (Harvard University), Nga Dao (York 
U), Kevin Woods (UC Berkeley), Miles Kenney-Lazar (Clark U), Kennedy Gastorn (U Dar es Salaam), 
Laura German (U Georgia), Melvin Sheriff (National Land Investment Commission, Liberia), Jens Friis 
Lund (U Copenhagen), Kerstin Nolte, (German Institute of Global and Area Studies), Patrik Oskarsson 
(Swedish U of Agricultural Sciences), and Namita Wahi (Center for Policy Research, India).  

Number of Ethiopian transactions (N=24) where 
different bundles of outcomes were observed 
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PI Brown and Agrawal co-organized a session in the 3rd Open Science Meeting of the Global Land 
Project titled “The Impact of Large-Scale Land Transactions on Smallholder Livelihoods and 
Agroecological Systems.” In this session, Dr. Liao presented the team’s recent research findings about the 
impact of large-scale land transactions on forest cover. Presentations by Ariane Bremond, a recent 
LCLUC awardee, and Kirsten Nolte rounded out a session that pointed towards some key questions and 
approaches to synthesizing several ongoing projects. 
 
The PIs also organized a special session at the (FLARE) meeting in Stockholm in October 2017 on 
systematic assessment of transaction outcomes. In addition to a presentation from our project on 
assessment of carbon emissions attributable to transacted lands, presentations were included on labor 
market effects of transactions and their effects on dispossession and conflict. 
 
Publications  
Liao, C., Jung, S., Brown, D.G., Agrawal, A. 2016. Letter: Insufficient research on land grabbing. 

Science. 353(6295): 131. 
 
Presentations 
Liao, C. Jung, S., Agrawal, A., and Brown, D.G. 2016. Spatial patterns of large-scale land transactions: 

Number, size, context and outcome in Cambodia, Ethiopia, Liberia, and Peru. 
Liao, C., Jung, S., Brown, D.G., and Agrawal, A. 2017. Can large-scale land transactions lead to social-

economic-ecological synergy? Divergent outcomes in Ethiopia. AAG Annual Meeting. Apr. 5, 
2017, Boston, MA. 

Liao, C. 2017. Anticipating carbon emission in the global land rush. Forests & Livelihoods: Assessment, 
Research, and Engagement (FLARE). Oct 1, 2017, Stockholm, Sweden.  

Brown, D.G. 2017. Large-scale land transactions as drivers of land-cover change in Sub-Saharan Africa. 
LCLUC Science Team Meeting, Apr. 13, 2017, Rockville, MD. 

Brown, D.G. 2017. Large-scale land transactions as drivers of land-cover change in Sub-Saharan Africa. 
LCLUC Webinar, Nov. 28, 2017, on-line. 

	
Manuscripts in Preparation 
Agrawal, A., Liao, C., Brown, D.G., Jung, S., and Lund, J.F. In Preparation. Research biases undermine 

the science of “Land Grabbing.” To be submitted to Annual Review of Environment and 
Resources. 

Hajjar, R., Ayana, A., Hinde, O., Kenne, S., Liao, C., Rutt, R., Agrawal, A., Solange, B. In Review. 
Capital, labor, and gender: The consequences of large-scale land transactions on household labor 
allocation. Submitted to Journal of Peasant Studies. 

Jung, S., Liao, C., Agrawal, A., and Brown, D.G. In Preparation. Evidence on wealth-improving effects of 
forest concessions in Liberia. To be submitted. 

Liao, C. and Brown, D.G. In Review. Sustainable intensification of agriculture for synergistic outcomes 
in food production, ecosystem services, and smallholder livelihoods. Submitted to Current 
Opinion in Environmental Sustainability. 

Liao, C., Ayana, A., Brown, D.G., and Agrawal, A. In Preparation. Diversity of large-scale land 
acquisitions and their divergent outcomes in Ethiopia. To be submitted. 

Liao, C., Jung, S., Agrawal, A., and Brown, D. In Preparation. Socio-environmental patterns of large-
scale land transactions: Evidence from Ethiopia, Liberia, Cambodia, and Peru. To be submitted. 
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Liao, C., Nolte, K., Agrawal, A., and Brown, D.G. In Preparation. Anticipating carbon emissions in the 
global land rush. To be submitted to Nature Climate Change. 

Miao, Y., Liao, C., Caughlin, T., Sullivan, J., and Brown, D.G. In Preparation. Divergent socio-
environmental outcomes of large-scale land acquisitions in Ethiopia based on agent-based model 
scenarios. To be submitted. 

 
Staffing 
Staffing for this project has been met through employment of new postdocs and students at the University 
of Michigan. The staff members are listed below in alphabetical order:  
 
Nathan Chesterman, Chuying Lu, Stephanie Miller (MS Students) – All three are helping with the 
coordination of CAD4NASA image processing and contributing to the interpretation of land covers as 
part of this semi-automated process.  
Suhyun Jung (Postdoctoral Researcher) – He began his postdoctoral research fellowship in Fall 2015 at 
the University of Michigan, after receiving his PhD in environmental economics from the University of 
Minnesota. His role is to undertake, independently and in collaboration with other team members, 
econometric analyses of the effects land transactions on environmental and social outcomes. He is lead 
author on our manuscript about effects of land transactions on wealth in Liberia. 
Chuan Liao (Postdoctoral Researcher) – He began his postdoctoral research fellowship in Fall 2015 at 
the University of Michigan. He received his PhD degree in Natural Resources at Cornell University. His 
role in this project includes the integration of remote sensing and social survey datasets for impact 
evaluation, as well as designing household survey questions, developing a region-growing algorithm, and 
supervising field data collection. His research focuses on Ethiopia and Tanzania.  
Jonathan Sullivan (PhD Student) – He began work on the project in Fall 2016, when we entered the PhD 
program in natural resources and environment, having completed a master’s in the School of Forestry and 
Environmental Studies at Yale University. His work for the first semester has been to organize and 
coordinate work to interpret high-resolution satellite imagery, acquired through the CAD4NASA 
program, to support analysis of land-cover impacts of land transactions. 
 
In addition, we have engaged several undergraduate research assistants through the Doris Duke 
Fellowship program (Martin Calderon, U Wisconsin), the Undergraduate Research Opportunity Program 
at the University of Michigan (Clair Ma, Pablo Nunez, and Daniel Wu, U Michigan), and an international 
student exchange program (Yufei Miao, Tsinghua U) to assist with image interpretation, transaction 
boundary delineation, and agent-based modeling.  
 
In-Country Collaborations 
The UM team has kept regular communication through emails, Skype conversations, and field visits with 
in-country partners.  
The key project collaborating researchers and their affiliations are: 
Ethiopia – We continue to work with Dr. Alemayehu Ayana, Ethiopian Environment and Forestry 
Research Institute, Addis Ababa, Ethiopia, who has assembled a team to conduct household surveys for 
the project. 
Liberia – We continue to coordinate collection of both field and government data with Mr. Ali Kaba, 
Sustainable Development Institute, Monrovia, Liberia  
Tanzania – We originally contracted for field support with Dr. Felister Mombo, Sokoine University of 
Agriculture, Morogoro, Tanzania. After four field visits and multiple attempts to coordinate collection of 
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field data, it has become clear that our interests are not aligned in this effort. We have now contracted 
with Francis Moyo, School of Life Sciences and Bio-Engineering, The Nelson Mandela African 
Institution of Science and Technology, Arusha, Tanzania. In December 2017 we coordinated training of 
enumerators and expect survey work to begin in January 2018. 
 
We have communicated with our collaborative institutions and worked out agreements for various project 
research activities. These agreements have been consolidated into formal contracts between University of 
Michigan, Ethiopian Environment and Forestry Research Institute, Francis Moyo, and Sustainable 
Development Institute of Liberia. 


