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Expanded Executive Summary
a.

Overview of Compact and Intervention(s) Evaluated

The main goal of the MCC PURP was to improve the livelihoods of semi-nomadic herding
households living in the areas surrounding Mongolia’s larger cities. Since the transition to a market
economy in the 1990s, the number of livestock in Mongolia has more than doubled, putting a strain
on the common use grasslands in peri-urban areas. Overgrazing has led to severe degradation of
the rangeland, on which these herders depend. By giving Herder Groups long-term rights to the
land, including the ability to exclude use by other herders, MCC expects that the herders holding
rights to an individual plot will have greater incentives to reduce over-grazing and make long-term
investments in the land and their herds.
The MCC PURP was implemented in two phases. Phase I of the project began awarding leases in
October 2010 in areas around Mongolia’s three largest cities: Ulaanbaatar, Erdenet, and Darkhan.
Phase II, which is the focus of this report, began one year later, and concentrates on areas
surrounding two of Mongolia’s smaller regional cities, Choibalsan and Kharkhorin. The MCC
PURP is to date one of the largest and best-funded efforts designed to address the issues of
rangeland degradation and income loss due to overgrazing. Overall, 392 Herder Groups
(representing approximately 1300 households) participated in the project. A total of 156 of these
groups (representing approximately 480 households) are located in the Phase II areas.

b.

Evaluation Type, Questions, Methodology
i.

Socioeconomic Evaluation

Phase I
The selection process in Phase I areas began in March of 2009 with the project areas being defined
as any land within approximately 30 km radius of Mongolia’s three main urban centers,
Ulaanbaatar, Darkhan and Erdenet. Information regarding the characteristics of rangeland and
herder households was gathered in these areas. Moreover, 988,333.6 hectares (ha) of land were
identified as suitable for leasing. The primary criteria included access to well water within an
average depth of 50 meters of the surface, regular usage by local herders, and sufficient pasture
and forage area to support herder project activities. Tracts of land deemed to have met these criteria
were mapped using geographic information system (GIS) software, including the location of
important resources.
The deadline for Herder Group applications was October 15, 2009. Six hundred and seventy-seven
Herder Groups applied for leases and project assistance. Of these, 467 were given passing scores
by the soum selection committees and short-listed for project assistance. MCA-M and MCC
carried out a review of the 467 short-listed Herder Groups, which led to the disqualification of
many Herder Groups due to Herder Group land tracts not meeting project requirements. Many
tracts of land were resized to meet project requirements; however, some plots were unable to be
included, which decreased the number of eligible Herder Groups to 284. Each short-listed Herder
Group’s land tract was examined for potential involuntary resettlement issues. Every effort was
made to restructure the boundaries of short-listed land tracts so that involuntary resettlement would
be minimized and non-applicant herder households would not be forced off the land they normally
utilized.
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Of these 284 remaining groups, 47 Herder Groups had to be excluded because several governors
of districts in the city of Ulaanbaatar – which includes pasture land within its borders – withdrew
their districts from the project. All 237 Herder Groups were offered lease contracts and project
assistance. Between the baseline and follow-up survey, three Herder Groups dropped out, leaving
234 Herder Groups remaining in the project.
Phase II
The project first identified tracts of land that met the following criteria: access to well water within
an average depth of 60 meters of the surface; regular use and access by local herders; and relatively
high quality of pasture and forage. Herder Groups then filled out applications that were scored
using criteria based on socio-economic variables and animal husbandry experience and capacity.
In addition, there were eligibility criteria with regard to group size, permanent residence in the
soum, herd size and proportion of earned income coming from animal husbandry. In total, 329
Herder Groups passed the screening process.
In each soum, a lottery drawing was organized. One hundred sixty-five leasing slots (“Treatment”
groups) were distributed amongst soums, set proportional to the total number of applicants in each
soum, with a random adjustment built in to account for rounding issues. This left 164 Herder
Groups as “Control” groups, which were rejected during the lottery. Quotas were established for
each of the lottery drawings to determine how many lease winners were selected in each drawing.
Quotas in each soum were set proportional to the number of applicant groups in that soum. All the
lottery drawings were conducted on stage, in public and recorded on video.
Socioeconomic Study
The socioeconomic side of the project, in its two phases, was conducted with two kinds of impact
evaluation design. The first phase (Phase I) in the main Ulaanbaatar, Darkhan and Erdenet periurban areas used Propensity Score Matching whereas the second phase (Phase II) in Choibalsan
and Kharkhorin areas had full Randomized Admissions. The design encompassed a two- stage
randomized selection process to determine which Herder Groups will receive the leasing slots
that are available for the project. In the first stage of the design, all Herder Groups located in areas
deemed fit for the project were allowed to submit applications for the available slots. These
applications were cleared as meeting environmental and social assessment criteria and were scored
by local selection committees, according to a set of predefined criteria. Those that passed this
stage were short-listed for the second stage of selection. In the second stage of selection, the
lease slots were randomly assigned to the short-listed candidates. Some candidates were
randomly selected to receive a leasing slot (the Treatment group) while other candidates were not
(the Control group). Random assignment led to the creation of two virtually identical groups at
baseline. The only difference was that the Treatment group was offered the lease and other
associated project assistance while the other group (the Control group) was not. As a result, any
changes observed between the two groups over time could be attributed to the project. The PURLS
Survey was used to collect data on the behavior and characteristics of Herder Groups in both the
Treatment and Control groups. The outcomes of the herder households in the Treatment and
Control group were compared to assess the impacts of the program.
In the original Phase I project areas (Ulaanbaatar, Darkhan, and Erdenet peri-urban areas), it was
determined that a randomized evaluation was not feasible, given the low numbers of Herder
Groups that met environmental and social assessment criteria. Therefore, a propensity score
6

matching was made. In the P h a s e I I expansion areas (Choibalsan and Kharkhorin), a
randomized evaluation was done.

ii.

Land Evaluation

Site selection 2011 (Phase I)
A 1-hectare site was randomly selected from within each of the leased land tracts (Treatments).
Paired comparison sites (Controls) were randomly selected from land that was adjacent to the
leased tract and was a minimum of 250-meters and a maximum of 1-km outside the defined Herder
Group pasture boundary. A matching approach was used to constrain random selection of the
members of each pair to have similar key biophysical characteristics. Key characteristics are those
that control potential plant community composition and production (i.e., the response variables of
interest for this project), and resilience (i.e., the ability of the plant community to respond to
treatment). These characteristics include slope, slope shape, landscape position, and soil texture.
The condition of the soil and plant community also determines its responsiveness to treatment.
Site selection 2012 (Phase II)
In 2012, GIS layers were available for both Treatments and Controls. IPA randomly sampled pairs
of similarly sized Treatment and Control groups, stratified by soum. Distance between Treatment
and Control Herder Groups varied. Some pairs were ~1-km and some were more than 100-km
from each other, likely resulting in increased variance due to rainfall variability, in addition to the
increased variance due to lack of biophysical criteria in the matching. However, this approach
increased the ability to integrate the land quality analysis with other analyses. USDA randomly
selected and characterized one 1-ha site in each Treatment and Control Herder Group lease area.

c.

Implementation Summary

Data were collected using the Line-point intercept method (Herrick et al. 2005a) and Plant
Production method (Herrick et al. 2005b). All plants were clipped at 1-cm height from the soil
surface, except shrubs and sub-shrubs. Nine plant functional groups were differentiated on each
50-cm x 100-cm quadrat (subplot).
In 2011, technicians from the Mongolian Society for Range Management (MSRM) completed the
field study on long-term changes in vegetation, composition and land potential on a total of 48
Treatment plots and 48 Control plots for Phase I.
In 2011, MSRM research technicians divided into 2 vegetation groups and 1 soil group. These
groups completed soil and site characterization and vegetation measurements. Prior to collecting
data, Justin Van Zee from the USDA conducted field training with the technicians to standardize
field methods and therefore data collection. The productivity measurement protocol was
redesigned to collect utilization data. Justin Van Zee from the USDA led the soil and site
characterization team, and was assisted by Budbaatar Ulambayar from MSRM.
In 2012, data collection was organized in 2 steps:
1. Soil and site characterization data were combined with site selection in April and May.
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2. Vegetation measurements included: Line-point intercept (LPI); Gap Intercept; quadrat
photos; and biomass clipping in Treatment and Control plots for five replicates per plot in
August.
In 2012, technicians from MSRM completed the field measurements for vegetation on a total of
18 Treatment plots and 18 Control plots for Phase I, as well as 62 plots in Kharkhorin and 38 plots
in Choibalsan for Phase II. USDA provided design, training and implementation assistance. The
MSRM technicians divided into 3 vegetation teams in order to complete the measurements.
Biomass samples were dried and measured by the local meteorology stations under contract.
From 16 April to 12 May 2013, three teams worked on biomass clipping.
Fall biomass data collection was carried out by three teams in Phase I, Kharkhorin and Choibalsan
between 17 August and 13 September 2013.
After each field data collection, MSRM researchers entered the data into the Database for
Inventory, Monitoring, and Assessment (DIMA), an Access program developed by USDA Jornada
Experimental Range (JER), and modified for the MCC Mongolia project to produce reports of
different types and scales (https://jornada.nmsu.edu/monit-assess/dima/download). Ericha
Courtright, the DIMA database specialist at the USDA, performed additional data error checking
and data cleaning with the help of Justin Van Zee and the MSRM researchers.
In 2017, biomass data were collected during the Spring (April 11 to April 27, 2017), Summer (June
17 to July 4, 2017) and Fall (August 26 to September 12, 2017) for Phase I and II. In addition,
Line-point intercept data were collected in the Fall (August 26 to September 12, 2017) for Phase I
and II. These data were entered into DIMA and error checked by the USDA.

d.

Findings
i.

Tests for Experimental Design Bias

For Line-point intercept (LPI = cover), the analyses of the baseline data demonstrated that there was
no systematic bias in either the Phase I areas (for which a matched‐pair approach for Control
selection was used) or the Phase II areas (for which the Controls selected by IPA using a matched‐
pair approach was used). For standing biomass, the analyses of the baseline data, like those for the
plant foliar cover data, demonstrated that there was no systematic bias in either Phase I areas (for
which a matched‐pair approach was used for Control selection) or the two Phase II areas (for which
the Controls selected by IPA using a matched‐pair approach was used). This analysis supports use
of these plots for endline data collection for all five PURP areas, recognizing that interpretation of
results from Phase I areas will be limited by both small sample size, and the fact that “Controls”
were necessarily located in similar areas immediately adjacent to the Treatments.
ii.

Treatment Effects

There were no significant (α < 0.05) Treatment effects for vegetation cover and biomass for Phase
II. There are several possible reasons. First, the seasonal use of Phase II lease areas did not match
the Project Implementation Unit (PIU) planned use. For example, 60% of the winter leases were
grazed in summer, which was allowed, but not anticipated. In addition, only 80% of the leases
were grazed in the winter, whereas 85% of the leases were grazed in the spring. Second, the lack
of a Treatment effect could be due to: (1) stocking rates that were too high such that overgrazing
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was still occurring, or (2) stocking rates that were too low following the 2010 dzud, such that
reducing further would not have much impact. Lastly, the change in stocking rates may have been
too small to result in a change in residual biomass. This could be the result of the self-reported
stocking rate numbers being incorrect due to herders reporting the numbers they had committed
to, rather than their actual stocking rates.
Were Peri-Urban Lands Being Overgrazed in Phase II Areas During the Project?
1. Forage supply is in balance with consumption and winter pastures are not being overgrazed
in either Controls or Treatments.
2. The carrying capacity based on the calculated forage allocation to livestock used by the
PIU (~0.5 - 0.56 of peak standing biomass, which is 80% of NAMEM’s recommendations)
is approximately equal to the reported stocking rates (IPA Survey). A comparison of PIUrecommended and IPA survey-reported stocking rates suggest that the stocking rates were
in balance with PIU calculated carrying capacity. This also indicates that the winter
pastures are not being overgrazed. When broken down by region, however, IPA did find
that stocking rates slightly exceeded PIU-calculated carrying capacity in Kharkhorin, and
were below PIU-calculated carrying capacity in Choibalsan. This suggests that some
overgrazing may have occurred in Kharkhorin.
3. However, using a calculated forage allocation to livestock ratio of 0.3 instead of 0.5 – 0.56
of standing crop suggests that the stocking rate in the Treatments exceeded the land’s longterm carrying capacity. The combination of harvest efficiency, forage production, forage
intake and livestock production as well as erosion control and watershed function tend to
support an allocation of between 25% and 35% (Scott et al. 1979, Stuth et al. 1981, Allison
et al. 1982, and Heitschmidt et al. 1987). This suggests that the winter pastures are being
overgrazed.
4. The hypothesis that overgrazing is occurring is also supported by observations of extensive
overgrazing in summer pastures during late spring and summer. This may explain survey
results indicating that 60% of the lease areas (winter pastures) were being grazed during
summer. Summer grazing of winter pastures may, in fact be an unintended consequence of
the project: summer grazing is only possible where there is water, while winter grazing is
possible anywhere (especially for sheep and goats) due to the presence of snow. The
unintended consequence could be positive (if wells result in a better distribution of
livestock during the summer grazing period) or negative (if it leads to a further increase in
livestock numbers, resulting in degradation of the winter pastures, due to intensive summer
use around the new watering points). This hypothesized degradation process of winter
pastures is similar to the degradation that has already occurred on summer pastures.
Conclusion. The evidence and interpretation in 1 (overgrazing was not occurring) contradicts
that presented in 3+4 (overgrazing is occurring). Based on the evidence, we are unable to draw
any firm conclusions.
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Were the Treatments Grazed Less Intensively than the Controls in Phase II Areas?
1. Standing biomass (kg/ha) and foliar cover (% of ground covered by rooted plants) indicated
that there were no overall differences in grazing intensity between Treatments and Controls
in Phase II areas throughout the growing season (April – September) in 2017.
Conclusion. While a simple analysis of the biomass data indicated no difference in utilization
among the treatments, a possible analysis of biomass, precipitation and animal numbers may
aid in interpreting these patterns. In addition, stratifying sites by ecological state group or soil
type may explain some of the variation in biomass availability. Ecological state groups
describe potential for different types of forage growth. Precipitation, animal numbers and
ecological state data were not available at the time this report was written.
Interpretation (Hypothesis). Biomass production in Choibalsan is not forage limited. Biomass
production in Kharkhorin is forage limited to the point that, by the end of the growing season,
virtually all accessible forage has been removed. Including precipitation, animal numbers and
ecological state data in the analyses may explain some of these patterns.
Biophysical Process/Mechanism. Lower removal rates early in the growing season = higher
leaf area = greater photosynthesis = more carbon available for transport to the roots (supporting
long-term recovery) AND more biomass available mid-summer for animal production.
Biomass availability in Choibalsan showed a consistent increase throughout 2017, even though
there were no significant differences between Treatments and Controls. This suggests that none
of the pastures were over-utilized by grazers. In Kharkhorin, there was a slight increase in
standing biomass over the same period, although not as pronounced as Choibalsan. Even
though the geographic diversity in Kharkhorin is much higher than in Choibalsan, and overall
precipitation is lower, the increasing trend was still apparent. Higher stocking rates in
Kharkhorin explain the lower biomass availability in all three seasons. It is likely that there
was at least some attempt in the spring/early summer to reduce stocking rates on the leases.
Fewer animals on the leased land simply ate more, and so produced more, but were still hungry.
Moreover, there was a lot of trespass grazing that we could not measure. Fall 2017 had the
least amount of available forage among the three years because of drought conditions in the
early and mid-season. This limited the amount of available forage going into winter.
Opportunity. The hypothesis that overgrazing is occurring during the early part of the growing
season could be tested by tracking animals’ grazing movements via GPS during the early part
of the growing season. Tracking animals throughout the growing season would provide a better
understanding of grazing dynamics.

e.

Lessons Learned

The analyses, like those for the vegetation cover data, demonstrated that there was no systematic
bias in the design. The data may be used as a baseline for impact evaluation, taking into account
the limitations of Phase I Control selection noted above.
Some significant challenges were addressed with differing levels of success:
 Limited capacity for data collection using standard methods. This was successfully
addressed in cooperation with very committed Mongolian field crews, supported by
intensive USDA training.
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 Limited capacity for data management. This limitation was due to a combination of factors
including limited experience with databases and data management, and
language/communication. This was successfully addressed through extensive interactions
with and input from the USDA technical support team.
 Limited knowledge about when Treatments were effectively imposed. This is necessary to
determine whether or not the timing of baseline data collection was appropriate, and to
adjust conclusions accordingly. Mid-season site visits were implemented to verify that Treatments
were being imposed.
 Continue to need better estimates of carrying capacity and stocking rates for all PURP
areas, especially over a range of environmental conditions (e.g., over a number of years
with varying seasonal precipitation patterns from rainfall and snowfall)
 Phase I: More realistic Control plots that are spatially independent of Treatment plots were
needed.
 Phase II: Expand to include neighboring pastures (to both Treatments and Controls).
 Double or triple sample size would ensure a more realistic representation of the study areas.
 Tracking animal movements via GPS throughout the growing season would provide a
better understanding of grazing dynamics like daily animal movement patterns.
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1. Introduction
In the interest of maintaining consistency, the following material has been copied directly from
the "Terms of Reference Peri-Urban Rangeland Land Productivity Monitoring and Evaluation,
Wave 2":

1.1. Summary
MCA-Mongolia has a bona fide need to develop and implement a rangeland health monitoring and
assessment program to measure impacts of the Peri-Urban Rangeland Project (PURP) on rangeland
health and rangeland environmental degradation in Mongolia’s peri-urban regions. In the periurban pasture lands near urban centers in Mongolia, the country’s tradition of open access pasture
use, combined with an influx of migrants’ herds, has led to overgrazing and environmental
degradation. In response, PURP aimed to improve livestock management, productivity, and,
ultimately, farm income in the peri-urban pasture land areas through a system of leases to Herder
Groups. PURP provided Herder Groups with key infrastructure and training to improve skills in
pasture land management including stock density and monitoring pasture land carrying capacity.
Approximately 387 serviced tracts of pasture land between 500-1500 hectares (grass-fed livestock
system) and 100 hectares (intensive system) were identified for approximately 15 year length
project leases.
As part of monitoring and evaluation activities, the Millennium Challenge Corporation (MCC) and
Millennium Challenge Account-Mongolia (MCA-M) carried out an impact evaluation that
examined how the securing of long-term land use rights and provision of infrastructure and training
through PURP affects not just livestock herding efficiency and productivity, but also
environmental degradation and rangeland quality in peri-urban areas. In support of the rangeland
quality component of the evaluation, MCC signed an agreement with the United States Department
of Agriculture (USDA). Under this agreement, USDA provided technical advice and support to
MCC regarding the monitoring and evaluation of pastureland and oversaw a local land quality
contractor that carried out evaluation activities including the collection of baseline and follow-up
data, as well as the training of local officials in sustainable land quality monitoring.
The local land quality contractor chosen to perform these tasks was USDA’s partner organization,
the Mongolian Society for Rangeland Management (MSRM). This TOR outlines the tasks that
MSRM completed as part of monitoring and evaluation activities. This included applying USDA
methodology of rangeland health monitoring that has been adapted for the Mongolian context to
capture core indicators of rangeland health. USDA was responsible for selecting a spatiallyunbiased representative sample of monitoring points that could be used to make statisticallydefensible statements about PURP impacts on rangeland quality. Throughout all of these tasks,
MSRM was overseen and managed by the MCA-M Monitoring and Evaluation unit with technical
assistance and guidance from UDSA, MCC and its associate contractor Innovations for Poverty
Action (IPA).

1.2. Background
1.2.1. Millennium Challenge Corporation (MCC)
The Government of Mongolia received grant funding of approximately US$ 285.0 million from
the United States of America, acting through the Millennium Challenge Corporation (MCC), to
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enable the Government of Mongolia to implement a “Compact” to achieve key objectives in the
areas of economic growth and poverty reduction. The Government of Mongolia established a
special entity, MCA-Mongolia, to implement the Compact on its behalf. Implementation began in
September of 2008 and continued until September of 2013. This Statement of Work concerns
the Peri-Urban Rangeland Project, one of six projects funded by the Compact.
1.2.2. MCA-Mongolia Peri-Urban Rangeland Project (PURP)
A steady stream of poor rural Mongolians are abandoning traditional nomadic herding practices
and migrating to the cities in search of better lives. In peri-urban pasture lands near urban
centers, Mongolia’s tradition of open access pasture use, combined with the influx of migrants’
herds, has led to overgrazing and triggered interest in new land-use regimes that will encourage
investment, improved land use, and higher agricultural productivity.
Mongolia’s pasture lands are owned by the state. Peri-Urban Rangeland Project, or PURP,
introduced a system of leasing peri-urban pasture lands to Herder Groups, and provided key
infrastructure and training to improve rangeland and livestock management, productivity and,
ultimately, farm income. These peri-urban areas included 57 soums and districts located in five
aimags and one city as follows:










Peri-Urban Ulaanbaatar: defined as pasture land within the boundaries of the Ulaanbaatar
region, plus pasture land located in Tuv aimag that is within approximately 30 kilometers
of the Ulaanbaatar-Tuv border, specifically the soums of Erdene, Sergelen, Altanbulag,
Argalant, Bayanchandmani, Batsumber, Bornuur, Mungunmort, Bayan, Arkhust,
Bayanjargalan, Bayandelger, and Bayantsogt.
Peri-Urban Darkhan: defined as pasture land within the boundaries of Darkhan-Uul aimag,
plus pasture land located in Selenge aimag that is within approximately 30 kilometers of
the Darkhan-Uul-Selenge border, specifically the soums of Khushaat, Zuunburen,
Javkhlant, Eruu Mandal, Bayangol, Saikhan, Shaamar, and Orkhon.
Peri-Urban Erdenet: defined as pasture land within the boundaries of Orkhon aimag
(Erdenet), plus pasture land located in Bulgan aimag that is within approximately 30
kilometers of the Orkhon-Bulgan border, specifically the soums of Bugat, Khangal,
Selenge, Orkhon, Buregkhangai, and the soums of Baruunburen and Orkhontuul in Selenge
aimag.
Peri-urban Choibalsan: defined as pasture land within the boundaries of the Kherlen soum
surrounding the Choibalsan city, plus that rangeland located in soums of Dornod aimag
that is within approximately 45 kilometers of the Kherlen soum border, specifically
Bayantumen, Bulgan, Sergelen, Choibalsan soums.
Peri-urban Kharkhorin: defined as pasture land within the boundaries of Kharkhorin soum,
plus that rangeland in Burd, Zuil, Khujirt, Ulziit, Zuunbayan-Ulaan, Taragt, and
Arvaikheer soums of the Uvurkhangai aimag and Khotont and Tuvshruuleh soums of the
Arkhangai aimag.

The project was implemented first in the peri-urban areas of Ulaanbaatar, Darkhan, and Erdenet,
(Phase I) with Herder Groups signing leases. Subsequently, planning was implemented for the
expansion sites of Choibalsan and Kharkhorin (Phase II).
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Specifically, PURP entails the following:
1. strengthening of the legal framework and environment for pastureland management and
long term leasing of peri-urban pastureland to herders;
2. identification of suitable sites (tracts of pasture land) for leasing in each peri-urban area;
3. selection of up to 465 Herder Groups to receive 15-year leases to the tracts of pasture land;
4. installation of wells and supplying of materials for construction of fences and animal
shelters on the leased pasture land;
5. training of Herder Groups to improve their understanding of leasehold rights and
responsibilities, and to improve their skills in pasture land management, herd productivity,
and business and marketing. This training included stock density management, monitoring
pasture land carrying capacity, well operation and maintenance, capturing precipitation
run-off, fodder/feed storage techniques, proper animal health and vet services, and business
and marketing plans. Also, local land and agricultural officials received training on their
related responsibilities; and
6. identification and management of environmental, social, health and safety impacts,
consistent with MCC Environmental Guidelines, MCC Gender Policy and the World Bank
Operational Policy on Involuntary Resettlement (O.P. 4.12).
Herder Groups who received leases under the PURP engaged in either intensive farming, which
focuses on dairy farming and uses more fodder and commercially produced feed, or semi- intensive
farming, which keeps to more traditional livestock patterns and uses largely hay for feed. In
Ulaanbaatar, Darkhan and Erdenet, approximately 30% of farm sites were intensive and the
rest semi-intensive. In the smaller peri-urban areas of Kharkhorin and Choibalsan, almost all
farm sites were semi-intensive.
Semi-intensive farms were larger than intensive farms because of their greater dependence on
grazing. Based on the grass yield required for 300 sheep units per household, the amount of
pastureland needed for a semi-intensive farm was at least 170 hectares (ha) per household for
Darkhan and Erdenet and at least 200 ha per household for Ulaanbaatar. For intensive farms, the
minimum area required was about 90 ha per household for Darkhan and Erdenet and 100 ha per
household in Ulaanbaatar. Combining this per-household pasture requirement with the variable
number of households in a Herder Group (2-6) resulted in semi-intensive farms ranging from 3402,400 ha and intensive farms ranging from 180-900 ha.
Since a key project objective was sustainable livestock farming, and since Mongolia’s peri-urban
pasture lands are generally highly degraded, Herder Groups participating in the project had to limit
their animal numbers to the land’s carrying capacity and received training on improving land
management.
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2. Overview of the Compact and the Intervention(s) Evaluated
In the interest of maintaining consistency, the following material has been copied directly from
the "Millennium Challenge Account of Mongolia (MCA-M) Peri-Urban Rangeland Project
Baseline Report for Phase II Areas" written by Innovations for Poverty Action:

2.1. Project Background and Description
The main goal of the MCC PURP was to improve the livelihoods of semi-nomadic herding
households living in the areas surrounding Mongolia’s larger cities. Since the transition to a market
economy in the 1990s, the number of livestock in Mongolia has more than doubled, putting a strain
on the common use grasslands in peri-urban areas. Overgrazing has led to severe degradation of
the rangeland, on which these herders depend. By giving Herder Groups long-term rights to the
land, including the ability to exclude use by other herders, MCC expects that the herders holding
rights to an individual plot will have greater incentives to reduce over-grazing and make long-term
investments in the land and their herds. The MCC PURP includes the following five components,
a timeline for which is provided in Table 1 below:
1. Legal Reform: To draft new legislation regarding rangeland and pasture use.
2. Rangeland Mapping: Mapping the rangeland surrounding the three peri-urban areas
targeted by the study, along with their associated resources and geographic, climatic and
biological features. Maps were used to identify candidate lease areas.
3. Lease Titles and Contracts: Provided 15-year exclusive-use pastureland leases to groups
of herder households.
4. Installation of Infrastructure: Provided Herder Groups with wells, materials for the
construction of winter shelters and fences, and alfalfa seed. Part of the costs of these
materials is to be paid back by the Herder Groups over a 15-year period.
5. Provision of Training: Provided Herder Groups and local officials with extensive trainings
in herd and pastureland management, animal husbandry and marketing.

Table 1. Phase II Project Activity Timeline

Selection Phase

Project Phase

Activities
Rangeland Tract Mapping
Herder Group Application
Review and Selection Process - soum committees
ESA review and field verification
Final selection
Lease signed
Herder Group Training
PURLS Survey – Baseline
Supplying alfalfa seeds
Well Installation
Supplying materials for fence and shelter construction
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Start
April 2011
August 2011
August 2011
August 2011
September 2011
October 2011
November 2011
January 2012
Feb 2012
March 2012
June 2012

End
September 2011
August 2011
August 2011
September 2011
October 2011
October 2011
June 2013
April 2012
June 2012
June 2013
December 2012

The MCC PURP was implemented in two phases. Phase I of the project began awarding leases in
October 2010 in areas around Mongolia’s three largest cities: Ulaanbaatar, Erdenet, and Darkhan.
Phase II, which is the focus of this report, began one year later, and concentrates on areas
surrounding two of Mongolia’s smaller regional cities, Choibalsan and Kharkhorin. The
geographic scope of the project is shown in Figure 1. In this report, we will examine the
characteristics of households and Herder Groups in the Phase II areas, focusing particularly on
balance between Treatment and Control, differences between the two peri-urban areas, and validity
of the assumptions underlying the PURP project logic.
Figure 1. Geographical Scope of the Peri-Urban Rangeland Project

Note: Phase I areas (Ulaanbaatar, Darkhan, Erdenet) are in Green. Phase II areas (Kharkhorin and Choibalsan) are in Red.

2.2. Overview of MCC Peri-Urban Rangeland Project
The MCC PURP was an innovative project designed to deal with the problems associated with
overuse of rangelands that are currently being exacerbated by an increase in herd sizes and
migration closer to urban areas in Mongolia. The project attempted to integrate the strengths of
private, common use, and centrally regulated regimes through the following three elements:


Exclusive Rights to Rangeland: The project provided each group of individual households
with exclusive, 15-year usage rights to a specific piece of rangeland. The contracts that
govern these rights are designed to create strong incentives to invest in the land’s
productive capacity and enable herders to adopt more sedentary agricultural practices
associated with greater yields. Since these groups have a legal guarantee that they will reap
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the long-term benefits of investments in the land, the project should increase investment,
improve herd management, and increase productivity. Moreover, the project should lead
to a reduction in land degradation because herder households should also have an incentive
to prevent overgrazing on land they get to exclusively use.


Extend Rights to Collective Groups: By extending the lease rights to collective groups of
herders rather than to individual households and providing training on collective herding
and marketing, the project built upon traditional norms of pasture management,
encouraging cooperation and collaboration among close Herder Groups. Moreover, the
tough physical environment of Mongolia makes it so that groups will be better able to
respond to emergencies than individual herders, thus giving the group a greater chance of
success.



National Laws: One of the planned outcomes of the project is the creation of a new national
rangeland law and the development of local enforcement mechanisms. If these are realized,
it will standardize land use regimes across regions and allow for more consistent and
transparent enforcement of the new approach to rangeland management.

The overall PURP program includes the following components. A timeline for Phase II is provided
in Table 1 above.


Legal Reform: A panel of legal, technical, and social experts was convened to help draft a
new rangeland and pasture use law. The law will modify the open-range land use regime
of Mongolia and establish an improved, national legal vehicle through which long-term
leasing right to pastureland can be extended to private herding organizations. Regulatory
and enforcement mechanisms will also be created as a corollary to the law. Although work
on this component began well before any of the other project activities, at the time of the
baseline data collection the Mongolian parliament had not approved the passage of the draft
law. The original rangeland law has been incorporated into a more general land law that
has yet to be finalized and voted on in parliament.



Rangeland Mapping: The rangeland of the peri-urban areas was mapped along with their
associated resources and geographic, climatic and biological features. These maps were
used to determine which rangeland tracts were best suited for project activities. These maps
were also used to determine where herding groups were living.



Lease Titles and Contracts: In combination with local officials, the Ministry of Food,
Agriculture and Light Industry, and a key implementation contractor, Center for Policy
Research (CPR), MCC developed a 15-year lease for pastureland to be offered to herder
households. These leases are contracts between the Herder Groups and the local soum
governments. Leases cover an average of 1100 hectares for groups classified as “semiintensive” and 450 hectares for groups classified as “intensive.” Intensive groups practiced
or planned to practice western-style dairy farming, which is heavily reliant on prepared
fodder and thus less dependent on large areas of pasture.



Installation of Infrastructure: As part of the project, every selected Herder Group had a
well installed if they chose to. The households were trained in the use and maintenance of
the well. Herder Groups were also provided with materials for the construction of winter
shelters, feeding equipment, or fences. Herder Groups will be required to pay back
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approximately 50 percent of the value of the funds used to install the wells (up to a limit)
and 100 percent of the value of the construction materials. The repayment terms are
generous: no interest will be charged over a 15-year period. These will be paid to a “soum
development fund” which will be used to continue support for the project post-compact
and develop other local infrastructure.


Provision of Training: Herder Groups and local officials received an extensive series of
trainings centered on five main topics:
1. Leaseholder rights, commitments, and responsibilities
2. Rangeland, environmental and water resource management
3. Livestock management and productivity
4. Livestock business management and marketing of animal products
5. Collaborative management of herds, pasture, and forage

2.3. Project Logic and Expected Outcomes
The MCC PURP is to date one of the largest and best-funded efforts designed to address the issues
of rangeland degradation and income loss due to overgrazing. Overall, 392 Herder Groups
(representing approximately 1300 households) participated in the project. A total of 156 of these
groups (representing approximately 480 households) are located in the Phase II areas. At the time
of the PURLS Baseline, these groups had signed the leases for their peri-urban rangeland tracts
and had begun participating in the training programs. The main outcomes that the evaluation will
examine can be divided into those that we expect the project to have an impact on in the shortterm and outcomes we expect the project to affect only in the longer term.
2.3.1. Expected Short-Term Outcomes


Increase tenure security



Change in stocking rates and improved grazing practices to maintain carrying capacity
of land



Improved herd composition including increase in crossbred cows and other more
productive cow breeds



Increase in hay production, hay storage and use of hay and other prepared fodder

2.3.2. Expected Long-Term Outcomes


Higher livestock productivity



Decreased herd mortality



Increased income from livestock



Improved pasture quality due to reduction in overgrazing
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Figure 2 presents a more complete overview of the PURP logic framework. In addition to this
general framework, MCC developed an Economic Rate of Return (ERR) model to predict the
overall effect on income from the entire project. The ERR model relies heavily on assumptions
about usage of hay and prepared fodder, and milk yields from improved cattle. The full ERR model
can be found on MCC’s website http://www.mcc.gov/pages/countries/err/mongolia-compact.
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Figure 2. Peri-Urban Rangeland Project Logic Framework
Program Goal

Poverty Reduction Through Economic Growth

Post Compact/
Longer-term
Outcomes
(3-5 years)

Increased Herder Group incomes from livestock productivity
 Milk yields and related sales
 Meat and other non-dairy animal products
 Decreased mortality

Avoidance of cost of land degradation and cost of feed
 Increase in plant basal cover
 Decrease in bare ground
 Increase in residual biomass
 Improved forage production per Ha

Awareness & Adoption of better periAwareness/ Adoption/ Improvement of animal
End of Compact/ urban land use & rangeland
husbandry practices
management
Shorter-term
 Improved herd quality & composition
Outcomes
 Adoption of rotational grazing
 Utilization of more non-forage animal feed
(1-2 years)
 Maintain carrying capacity of
(hay production and storage)
land
Leases provided to
Herder Groups for
semi-intensive and
intensive parcels

Outputs

Identified and
mapped land
parcels

Activities
(sub-activity for
Mongolia)

Introduce system of
Rangeland
leasing,
mapping to
including policy
identify suitable
change, selection
land tracts
criteria and selection

Wells, seed and fencing
materials provided to project
Herder Groups

Officials & project
selected Herder
Groups trained in
all project areas

Training for all project Herder
Groups and state officials on
livestock marketing &
management, rangeland
management, & cooperative
activities

Provision of seed,
fencing materials
& wells to some
project Herder
Groups
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Increased land access & security from lease

Public outreach
events,
newspaper
articles published
& TV programs

Recommendations on
draft pasture law, land
law & amendments to
laws introduced to
Parliament

Public Outreach

Legal and Regulatory
Committee and
Discussions with
Working Group with
government
Stakeholders

3. Literature Review of the Evidence
This appears to be the first study testing the hypothesis that providing herders with exclusive access
to rangeland for ½ of the year would result in an improvement in rangeland health. A former MCC
employee who helped guide project design and implementation also reported finding no literature
testing this hypothesis: “I looked through my materials, and I'm afraid that I do not have any
articles or other literature in the line of what you are looking for”. (L. Rolfes, February 23, 2015).
The hypothesis is, however, supported by much of the “tragedy of the commons” literature (Hardin
2008). This literature generally shows that, in the absence of some form of private tenure rights,
or state or communal governance that otherwise structures the distribution of communal resources,
these resources will be overused (Feeny et al. 1990).
It is widely believed that at least some areas in Mongolia are overgrazed (e.g., Sasaki et al. 2008;
Sankey et al. 2009), and that this overgrazing is due, at least in part, to either a lack of appropriate
governance. Changes in rangeland governance following independence were documented by
Bedunah et al. 2000.
In summary, at the time of project initiation, there was (a) some published evidence and a
widespread belief that peri-urban areas in Mongolia were overgrazed, and (b) a clear change in
governance of these lands following independence. To the extent that stocking rates may have
been controlled on these lands, we are not aware of the presence of any private land tenure system.
We conclude that it was reasonable to hypothesize that some form of privatization of grazing rights
could result in a reduction in hypothesized overgrazing, and thereby result in an improvement in
rangeland health.
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4. Evaluation Design – Socioeconomic Evaluation
In the interest of maintaining consistency, the following material has been copied directly from
the "Mongolia Peri-Urban Rangeland Project Impact Evaluation Strategy" written by Innovations
for Poverty Action:
This section outlines the design of the evaluation, including a discussion of the identification
strategy – a randomized controlled trial – and a description of the selection process for project
beneficiary households as well as the approach to measuring spillovers. A more detailed account
of the research design can be found in the project evaluation design document.1

4.1. Identification Strategy – A Randomized Controlled Trial Design
The purpose of evaluating the impact of PURP is of course to assess whether the project made a
difference to the outcomes of interest. That is, can we attribute change in these outcomes to the
project itself? Did PURP cause changes in our outcome measures? These questions lead to a well
known challenge: Observing that participation in the project is correlated with changes in
outcomes is not equivalent to concluding that participation in the project caused these changes. It
might be, for instance, that some unobserved factor predicts both project participation and changes
in outcomes. In order to avoid drawing false inferences about the causal effect of the project, we
designed a randomized controlled trial (RCT) in Phase II of the PURP.2
The basic idea of the RCT is to randomly assign, via a lottery, eligible Herder Groups to either
participate in the project (the “Treatment” group) or not (the “Control” group). Because receipt of
the program is random, in expectation, the only differences between those household receiving the
PURP program assistance and those that do not, is be the receipt of the assistance. In other words,
on average, these two groups will be similar along other characteristics. Therefore, any differences
in outcomes after the program has been implemented can be attributed to the program, and not
some unobserved difference between the households receiving and not receiving the program.
Without the randomization, for example, households that applied for assistance would be
compared to households that did not. As a result, those receiving assistance would likely be much
more motivated to obtain rangeland leases than those that did not. Later differences between those
receiving assistance and those not receiving assistance could then be due either to the rangeland
assistance or to the underlying motivation of the two groups. The random assignment of the project
eliminates this “selection bias”, and ensures that the two groups are similar except that one group
participated in PURP. A visual representation of this design can be seen in Figure 3 below.

1

Mongolia Peri-Urban Rangeland Project Impact Evaluation Strategy. Innovations for Poverty Action Report to the
Millennium Challenge Corporation, January 2013.
2
A RCT was not possible in Phase I areas; instead we assess project impact using a matching framework.

22

Figure 3. Research Design – Identification Strategy

The evaluation is comprised of five steps. First, Herder Groups went through an application
process to ensure that those selected were fit for the project. Second, a lottery was conducted that
randomly assigned households to either a Treatment group – receiving assistance – or a Control
group, that does not. Third, a baseline survey of all target households and their neighbors was
conducted to provide an initial assessment of the sample and ensure that the randomization process
was successful. Fourth, PURP provides assistance to the households in the project.3 Finally, two
follow up surveys will be conducted after the PURP activities are completed to evaluate the impact
of the project by assessing any differences between those households that received assistance and
those that did not.
The baseline surveys and the randomization process, which have been completed, are described in
this report. Section IX tests to see if the randomization was done successful by comparing the
information collected from the PURLS Phase II surveys, assessing the similarities between the two
groups. PURLS Phase II follow up survey was conducted from May to June 2014. Second follow
up may occur in February to April 2016. Each follow up survey will cover the same sample of
households interviewed in the baseline survey and the data collected will be similar to the baseline
survey described in this report.

4.2. Selection Process in Phase II Areas
The selection process was broken up into two stages. In the first stage all Herder Groups located
in areas deemed fit for the project were allowed to submit applications for the available slots. Local
selection committees scored these applications according to a set of predefined social criteria.
Herder Groups who passed the first stage of selection process were short-listed for the next stage
of the selection process.
In the second round of selection, the short-listed candidates were randomly assigned slots in the
leasing program through a lottery process. Some candidates were randomly selected to receive a
leasing slot (the Treatment group) while other candidates were not (the Control group). The
PURLS was used to collect data on the behavior and characteristics of Herder Groups in both the
Treatment and Control groups.

3

The baseline survey was actually carried out after a small number of project activities commenced in Phase II areas.
First, the groups signed their pasture lease contracts in October 2011. Second, a few training modules were started in
November 2011, before the baseline survey, and other trainings were being conducted during the survey period,
January-April 2012. None of the other project activities were implemented before the baseline survey.
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4.2.1. Application Process
The project first identified tracts of land that met the following criteria:
1. Access to well water within an average depth of 60 meters of the surface;
2. Regular use and access by local herders; and
3. Relatively high quality of pasture and forage.
Then the project initiated outreach to government officials and herder families to explain the
application process, encouraging families to submit applications, and provide guidance in the
preparation of applications. The herder families were also encouraged to form Herder Groups.
Herder Groups then filled out applications that were scored using criteria based on socio-economic
variables and animal husbandry experience and capacity. In addition, there were eligibility criteria
with regard to group size, permanent residence in the soum, herd size and proportion of earned
income coming from animal husbandry.
Herder Groups applying for project assistance were also categorized as either “intensive” or “semiintensive” and the scoring of these applications differed, with applications from intensive groups
having less emphasis on animal husbandry (in particular for non-dairy breed cattle) and
socioeconomic criteria, and more emphasis on experience and success with foreign breed milking
cattle, use of animal shelters, and fodder preparation. Intensive groups were able to apply for
smaller areas of land under the presumption that these types of dairy operations were less reliant
on pastureland to feed their animals.
Local soum governments formed selection committees that included both local officials and citizen
representatives. These committees conducted the first screening of applications. The applicants
that passed this first screen were then reviewed by the PURP, resulting in the disqualification of
several Herder Groups due to non-compliance with project requirements, such as land tract size or
water access. Based on the experience in Phase I where a majority of applications were rejected,
many due to violations of the World Bank involuntary resettlement policy,4 PURP, MCA-ESA
and PURP’s contractor CPR did extensive outreach and reconnaissance prior to the application
process in Phase II. This allowed them to make potential applicants aware of possible issues and
avoid these by choosing the area applied for more carefully. Because of this process all but 10 of
the 339 applicants were shortlisted, passed the field verification process and participated in the
lottery.
In total, 329 Herder Groups passed the screening process. There were 165 leases to be allocated in
the Phase II areas and it was decided that theses would be assigned using a lottery.
4.2.2. Lottery
In each soum, a lottery drawing was organized. One hundred sixty-five leasing slots were
distributed amongst soums, set proportional to the total number of applicants in each soum, with
4

O.P.4.12 ("Ext Opmanual - OP 4.12 - Involuntary Resettlement, World Bank) stipulates that households and
individuals cannot, as a result of a development aid project, be forced to relocate or involuntarily denied access to
resources they previously enjoyed. A number of herder households residing on the land tracts in Phase I of the PURP
claimed by short-listed Herder Groups complained that they had not been made aware of the project and/or its goals
of granting exclusive use right to the land they normally resided upon.
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a random adjustment built in to account for rounding issues. This left 164 Herder Groups as
“Control” groups, which were rejected during the lottery.
Three separate public lottery ceremonies were organized – one in Dornod province’s capital,
Choibalsan, another in Uvurkhangai province’s capital, Arvaikheer, and a third in the regional city,
Kharkhorin. A separate lottery drawing was held for each soum administrative unit. Since only 18
intensive groups applied to the project, only two lotteries were held for intensive groups, one for
all of Choibalsan area and the other for all of Kharkhorin area. In some of the central soum units
surrounding the regional cities or capitals, there was not enough rangeland within the central soum
to provide land for all applicant herders. In these cases, residents of the soum applied for leases to
land tracts located in neighboring soums. When this occurred, a separate drawing was organized
for all non-resident applicants in each adjacent soum. Quotas were established for each of the
lottery drawings to determine how many lease winners were selected in each drawing. Quotas in
each soum were set proportional to the number of applicant groups in that soum.
Lottery drawings were carried out using a clear plastic container filled with ping pong balls. Each
short-listed group was assigned an ID number. Each group’s number was then inscribed on a ping
pong ball. The container was equipped with a small hatch that would only allow one ball to be
removed at a time. For each drawing, containers were turned over 5 times, then a single ball was
removed and the number of the Herder Group listed on the ball was recorded. This process was
repeated until the quota for the drawing was met. Then the next drawing began. The Herder Groups
whose numbered balls were selected were then assigned project assistance. All the lottery drawings
were conducted on stage, in public and recorded on video.

4.3. Neighbor Sampling
In addition to collecting baseline data from the member households of all 329 Herder Groups
(Treatment and Control) that applied for project assistance and passed the initial soum selection
committee screening to participate in the lottery, data was also collected from a randomly selected
sub-sample of neighboring herder households. These neighbors reside on rangeland plots adjacent
to the 329 Herder Groups. Collecting data on the neighbors was carried out to measure whether
and the extent to which project effects spill over to non-project households. In contrast to the Phase
I areas, in the Phase II areas the research team wanted to collect data from neighbors of both
Treatment and Control Herder Groups since, in this case, the purpose of interviewing neighbors
was to measure spillovers rather than to provide potential matches for project beneficiaries.
The plan was to collect data from two of the neighbors associated with each Herder Group. During
the reconnaissance for Phase II, CPR made an exhaustive list of all households with permanent
camps within 2 km of the potential lease area boundaries. IPA used this list as a sampling frame
for neighbor households. Experience with the baseline data collection in the Phase I areas had
revealed that neighbors were difficult to locate and that they often refused to participate in the data
collection. Therefore, rather than randomly selecting and ordering a specific number of neighbors
per Herder Group to target for surveying, the full list of neighbors for each group was sorted and
randomly ordered. Enumerators were instructed to approach neighbors according to the order in
which they appeared on the list until they obtained data from at least two separate households or
until the list was exhausted. This random ordering approach was designed to maximize the number
of neighbor interviews obtained. Unfortunately, many of the groups, especially in the Choibalsan
area where population density is very low, had none or only one neighbor household within 2 km
25

of the lease area. Because of this, baseline statistics for the neighbors must be interpreted carefully.
An augmented sampling plan that ensures representation of all groups among the neighbors was
developed for the first follow up survey, as described in Section III below.

4.4. Selection Process in Phase I Areas
The selection process in PURP Phase I areas began in March of 2009 when the PURP Project
Implementation Unit (PIU) hired a local contractor to investigate, identify, and map potential
rangeland tracts in the project areas – with the project areas being defined as any land within
approximately 30 km radius of Mongolia’s three main urban centers, Ulaanbaatar, Darkhan and
Erdenet. The local contracting firm hired for this task was the Centre for Policy Research (CPR).
Information regarding the characteristics of rangeland and herder households was gathered in these
areas. Moreover, the PIU identified 988,333.6 hectares (ha) of land that were suitable for leasing.
The primary criteria included access to well water within an average depth of 50 meters of the
surface, regular usage by local herders, and sufficient pasture and forage area to support herder
project activities.
Tracts of land deemed to have met these criteria were mapped using geographic information
system (GIS) software, including the location of important resources. Figure 4 is an example of an
individual tract. The inner pink line denotes the land tract being leased with exclusive use rights.
The outer pink line is a 500 meter buffer zone surrounding the tract and the outer blue line represent
a 2 kilometer buffer zone surrounding the tract. The buffer zones were included in the map to
highlight potential resources, camps, and population that may be affected by the lease.
Figure 4. Example of Land Tract Map

Shortly after land tracts were identified, MCA-M began outreach activities. The PIU held a series
of workshops with local government officials and herder families in order to disseminate
information about the project and encourage participation, Herder households were provided with
instructions on how to apply for project assistance. They were encouraged to form Herder Groups
and submit applications. The PIU worked with the groups to help them map the boundaries of their
rangeland tracts and prepare other documents needed to apply to participate in the project. The
PIU received a total of 677 Herder Group applications. At the same time, local soum officials were
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encouraged to form selection committees comprising both local officials and citizens. These
committees would be responsible for reviewing and scoring all applications submitted by Herder
Groups within their soum.
The deadline for Herder Group applications was October 15, 2009. Six hundred and seventy-seven
Herder Groups applied for leases and project assistance. Of these, 467 were given passing scores
by the soum selection committees and short-listed for project assistance.
Herder Groups applying for project assistance were required to apply as “intensive” or “semiintensive” and the scoring of these applications differed, with applications from intensive groups
having less emphasis on animal husbandry (in particular for non-dairy breed cattle) and
socioeconomic criteria, and more emphasis on experience and success with foreign breed milking
cattle, use of animal shelters, and fodder preparation. Intensive groups were able to apply for
smaller areas of land under the presumption that these types of dairy operations were less reliant
on pastureland to feed their animals. Tables 2 and 3, below, provide a detailed description of
project requirements and selection criteria. The criteria listed in Table 2 were strict cut-offs. A
Herder Group that did not meet the requirements listed in Table 2 was not eligible to participate in
the project. Table 4 includes a set of softer, continuous criteria on which the Herder Groups were
measured. The exact scoring criteria, with weights given for specific items, was different for
Intensive and Semi-intensive Herder Groups.

Table 2. Minimum Criteria for Short-Listing Phase I Herder Groups
1.
2.
3.
4.
5.
6.
7.

A Herder Group comprises 2-7 herder households
Herder household members must be registered in the specified region, or used pastures for more than 180
days in the specified region
Must have consensually agreed to balance number of livestock with pastureland carrying capacity (contract
condition)
No household shall own more than 1000 sheep units 5
Members of the Herder Group must be Mongolian citizens
Each household must derive a minimum of 60% of its income from herding
Herder Group must provide a guarantee for the health of their livestock

A “sheep unit” is a generic way of measuring “number of livestock” that takes account of the differing size of
animals. Goat = 0.9, Sheep = 1, Camel = 5.7, Cattle = 6, Horse = 6.6
5
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Table 3. Criteria for Scoring Short-Listed Herder Groups
Socio-economic criteria
Good and exemplary history and ability of cooperation
Collaborative supply of livestock products (milk, meat, hides, cashmere, etc.) to the market
Majority of household members collaboratively utilize the same pasture
Herder Group has had a leader for a minimum of 1 year
The leader of the Herder Group has been living on pastureland site of group
At least two-thirds of the households in the Herder Group have been the same for last 3 years
Sustainable livestock management capability
Amount of herder income that originates from animal husbandry
Majority of households in a group have more than 3 years of experience managing livestock
operations of dairy cows, multi-purpose (dairy/meat) cattle or meat livestock of high yields
All households in a group have experience in meat or milk livestock herding/handling
Number of low-income or female-headed households
Percentage of herder households in a group who are low-income or female-headed
Percentage of adult members of the group registered as residents of the specified region
Current farming situation
Livestock genetic quality
Number of herder households who own genetically improved livestock (meat or dairy)
Average annual milk yield of pure and cross breed dairy cows of Herder Group
Experience of milk and meat supply to the nearby market
Household experience of milk supply to nearby markets during the winter and spring for last 3 years
Household experience of meat supply to nearby markets during the whole year for last 3 years
Fodder preparation
Majority of households have been able to feed livestock (dairy, multi-purpose and meat animals) for the
last three years with concentrate feed, silage and stored hay/forage.
Herder Group has at least one shelter for livestock
Herder Group owns hay making and fodder preparation machinery or equipment
Herder Group owns a milk processing equipment

Since only 300 tracts within the project were available, the original project plan called for selecting
beneficiaries from the pool of short-listed applicants through the development of a business
proposal. The Herder Group that submitted the top ranked business plan proposal in each soum
would have been granted automatic entry into the project while the rest of the short-listed Herder
Groups would have moved on to participate in a public lottery process. The lotteries would be
organized on a soum-by-soum basis, which would have randomly allocated the remaining leases
among the qualified applicants. However, the lottery and business proposal process was not
pursued, as there were not enough qualified groups, following a MCA-M and MCC quality check.
MCA-M and MCC carried out a review of the 467 short-listed Herder Groups, which led to the
disqualification of many Herder Groups due to Herder Group land tracts not meeting project
requirements. The issues largely regarded required land tract size, water access, maintaining proper
buffers from water and roads, non-inclusion of protected areas, and especially overlap with
neighbor use rights6. Many tracts of land were resized to meet project requirements; however,
some plots were unable to be included, which decreased the number of eligible Herder Groups to
284. For neighbor use rights, MCA-M and MCC carried out an extensive field verification process
in summer of 2010 to ensure compliance with World Bank’s Operational Policy on Involuntary
6

Some herder households residing near land tracts claimed by the short-listed Herder Groups objected to the leases,
noting their animals grazed that same tract of land, and they had not been made aware of the project or its goals of
granting exclusive use rights over common use rangeland.
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Resettlement (O.P. 4.12), Each short-listed Herder Group’s land tract was examined for potential
involuntary resettlement issues. Every effort was made to restructure the boundaries of short-listed
land tracts so that involuntary resettlement would be minimized and non-applicant herder
households would not be forced off the land they normally utilized. See Figure 5 below for an
example of a track modification designed to exclude camps of neighboring households and natural
resources such as rivers and wells.
Figure 5. Example of Modified Land Tract Boundary

The original map incorporates fertile lands on the riverfront that are claimed by multiple groups.
The second map excludes these disputed riverfront areas and embraces a larger area of less fertile
inland rangeland. The inner pink line represents the lease tract; the outer pink line is a 500m
buffer and the outer blue line is a 2 km buffer

Of these 284 remaining groups, 47 Herder Groups had to be excluded because several governors
of districts in the city of Ulaanbaatar – which includes pasture land within its borders – withdrew
their districts from the project. Since the number of available tracts in the program exceeded the
number of qualified applicants, the business proposal selection and lottery were abandoned and all
237 groups were offered lease contracts and project assistance. Between the baseline and followup survey, three Herder Groups dropped out, leaving 234 Herder Groups remaining in the project.

4.5. Evaluation Design
As described in the PURP Phase I baseline report7, there were significant differences before project
implementation between households that were selected to participate in the project and those that
were not. Originally, it was intended that a random subset of applicant groups would be selected
to participate in the project. The random nature of the selection process would have ensured that
among the applicants, those chosen to receive the project would have in expectation been identical,
“Peri-Urban Rangeland Project (PURP) Baseline Report for Phase I Areas.” Innovations for Poverty Action Report
to the Millennium Challenge Corporation, (2012).
7
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on average, to those that did not. However, since this plan was not feasible in practice, the
differences observed between project recipients and the other groups in the baseline survey
complicate the interpretation of any post-program differences between the project recipients and
the other groups. Post-program differences might be the result of the project, but they might also
be the result of the baseline differences – observed or unobserved – between the groups of
households. As we outline in the PURP Phase I design document8, the solution we employ is one
in which we match project households with non-project households that are as similar as possible
on a large range of characteristics. Such a design is not ideal, but in consultation with MCC, it was
decided that such a design was the best and most rigorous option feasible given the implemented
selection process.
A matching design attempts to determine the causal effects of an intervention by simulating the
logic underlying a randomized controlled trial. A randomized controlled trial would create two
similar groups of households by randomly allocating the project to some Herder Groups and not
to others. The matching strategy works in reverse. One starts with households already chosen to
receive the project and then identifies other households that are similar to project households, to
serve as a comparison group. By matching the selected households on characteristics observed in
the data, it is possible to create a comparison group for the project households that are similar
along the dimensions observed in the survey. We then use these “matched” households in our
analysis of project effects. Households that are particularly poor matches – that is, non-project
households that are very different from project households – are not included in the analysis. This
decreases the chance that we will incorrectly attribute post-program differences to the project.
The methodology is designed to create two research groups that are similar along the variables
used for the matching process, but the challenge is the characteristics that are not measured in the
survey may differ between groups. The current evaluation methodology matches households that
applied for and received land leases from the project to other households that did not participate
in the project. However, there was some reason that one group applied and the other did not, even
among households with otherwise similar characteristics. The underlying cause could be quasirandom factors such as a random power outage that prevented some households from listening to
the radio at the time the project was advertised. Differences of this kind are a nuisance but not
something that affect the quality of data particularly.
In contrast, the underlying cause could also be that applicant households exert significantly more
effort in general to be informed than households that did not apply. Since that underlying desire
for new information is difficult to measure, it cannot be used in the matching process. This is only
one example of an unobserved characteristic that can confound attempts to attribute effects to the
project. The problem here is that these underlying, unobserved differences might be systematically
related to outcomes that we wish study in the project. For example, the underlying difference in
motivation and ambition might mean that project households are more productive over time than
non-applicant households. It could be that project households are more likely to seek out new and
better herding techniques or business opportunities, regardless of the existence of the PURP. As a
result, any observed differences in the follow-up surveys might be due to the project or they could
be due to these unobserved differences. Another possibility is that there are differences in land

“Peri-Urban Rangeland Project (PURP) Impact Evaluation Design” Innovations for Poverty Action Report to the
Millennium Challenge Corporation, (2012).
8
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quality and water access among the project and comparison groups, and the difference affected
both eligibility for the project and the potential outcomes for those who were not eligible.
In order to find the best matches – that is, those project and non-project households that are most
similar – we first use what is called logistic regression to estimate the propensity that a household
is in the project. The propensity score is simply a summary of the chances that a household is in
the project, given that household’s various characteristics. The PURLS measures a great deal of
information about households, such as their income, household size, economic activities, herding
practices, migration and so on. We use all of this information to obtain an estimate of the chances
that any particular household is in the project. Some households will be very likely to be in the
project, some households will be less likely to be in the project.
The next step in the process is to use this summary measure – the propensity score – to create
matches of project and non-project households. We want to match project and non-project
households that are as similar as possible in their propensity score. The statistical technique we
use to achieve this, attempts to minimize the “distance” between households on their propensity
score. We carry out what is referred to as “full matching” – that is, we allow project households to
be matched to multiple non-project households and we also allow non-project households to be
matched with multiple project households.9 Once this is done, we have sets of matched households.
In carrying out our analysis of project effects, we compare within these sets. That is, we compare
the outcome of interest, say, milk yields, between project and non-project households in each of
the matched sets. In this way we reduce the problems described above and increase our ability to
attribute any eventual differences to the project.
We used the optmatch10 and RItools11 packages for the statistical environment R12 to carry out
matching. Figure 6 reports the result of a balance test carried out on the data before and after
matching. If the data are “balanced” it means that they resemble what we would expect from a
randomized controlled trial (RCT) – that observations are the same, on average, aside from being
in the project or not being in the project. Each solid dot represents the unadjusted balance on a
variable before matching. Hollow squares represent the balance on variables after full matching.
If the data are balanced, the point will be closer to the middle zero line on the graph. As can be
seen in the figure, the data are much better balanced after the full matching has been performed.
Thus, we are on stronger ground in terms of attributing effects to the project when doing analysis
using the matched data because we are more confident that underlying, pre-project differences
have been minimized.

For a discussion of matching methods, see Chapter 8, “Basic Tools of Multivariate Matching”, in Paul R. Rosenbaum
(2002). Observational Studies, New York: Springer.
10
Hansen, Ben and Fredrickson, Mark. “Optmatch: Functions for optimal matching.” R package version 0.8-1. (2013).
See also, Hansen, Ben and Klopfer, S.O. “Optimal full matching and related designs via network flows.” Journal of
Computational and Graphical Statistics, 15, 609—27. (2006).
11
Bowers, Jake, Fredrickson, Mark, and Hansen, Ben. “RItools: Randomization Inference Tools.” R package version
0.1-11. (2010). See also, Hansen, Ben and Bowers, Jake. “Covariate balance in simple stratified and clustered
comparative studies.” Statistical Science. 23(2):219—36. (2008).
12
R Core Team. “R: A language and environment for statistical computing.” R Foundation for Statistical Computing,
Vienna, Austria. (2013), http://www.R-project.org/.
9
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Figure 6. Balance Tests
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5. Evaluation Design – Land Evaluation
5.1. Monitoring and Evaluation
A key project objective was sustainable livestock farming. Since Mongolia’s peri-urban pasture
lands are generally highly degraded, Herder Groups that participated in the project had to limit
their animal numbers to the land’s carrying capacity and received training on how to improve land
management. The expectation was that these measures would stop the degradation and lead to a
gradual improvement in pastureland environmental conditions.
In order to assess this expectation, MCC and MCA-M carried out an impact evaluation that
examines whether and how the Project’s activities affect livestock herding efficiency and
productivity, as well as environmental degradation and rangeland quality in peri-urban areas.
The evaluation included a special component, a baseline and monitoring effort of Project effects
on land degradation, as well as training of local soum officials to sustainably monitor the rangeland
after the Compact. This component examined the Project’s impacts on a variety of other direct
measures that reflect rangeland health such as grass yields, carrying capacity of rangeland and
rangeland quality as measured by the state of soil, vegetation composition, biomass production,
hydraulic function, and erosion. To the extent feasible, many of the indicators to be used for
evaluation purposes were designed and collected in a way that will be usable by the Government
of Mongolia over the long-term and coordinated with the ongoing effort funded by the Swiss
Agency for Development and Cooperation (SDC) with National Agency for Meteorology,
Hydrology and Environmental Monitoring (NAMEM).
In support of this component of the evaluation, MCC signed a memorandum of understanding with
the United States Department of Agriculture (USDA). Under this agreement, USDA provided
technical advice and support to MCC regarding the monitoring and evaluation of pastureland. This
included oversight of the local land quality contractor that carried out evaluation activities
including the collection of baseline and follow-up data and the training of local officials. The local
land quality contractor chosen to perform these tasks was a USDA partner organization in
Mongolia, the Mongolian Society for Rangeland Management (MSRM).

5.2. Impact Evaluation Design
Site selection 2011 (Phase I)
A 1-hectare site was randomly selected from within each of the leased land tracts (Treatments).
Paired comparison sites (Controls) were randomly selected from land that was adjacent to the
leased tract and was a minimum of 250-meters and a maximum of 1-km outside the defined Herder
Group pasture boundary. A matching approach was used to constrain random selection of the
members of each pair to have similar key biophysical characteristics. Key characteristics are those
that control potential plant community composition and biomass production (i.e., the response
variables of interest for this project), and resilience (i.e., the ability of the plant community to
respond to treatment). These characteristics include slope, slope shape, landscape position, and
soil texture. The condition of the soil and plant community also determines its responsiveness to
treatment.
Matched sites (one 1-hectare site in each Treatment and Control) were identified using the
following protocol:
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1. Visually similar areas in each of the pairs were identified based on satellite imagery.
2. A set of potential sites was randomly selected within the Treatment and Controls for each
pair. Potential sites within each area were randomly ordered. Potential sites were excluded
if they were < 100-meters from:
a. A visible road
b. A camp site (dark colored soil on satellite imagery)
c. Open water
d. A building or other structure
e. An agriculture field or haymaking area
3. The first randomly selected Treatment site was visited and accepted if met all of the
following criteria:
a. >100-m from a medium to high-use road (defined as such if no vegetation was growing
in tire tracks.
b. >100-m from a wall or dung storage pile of a camp
c. >100-m from a building or structure
d. >100-m from a permanent body of water
e. >100-m from an agricultural field or haymaking area
f. On a slope of < 50%
g. Not limited by accessibility (i.e., located in a bog or marsh)
4. If rejected, the crew went to the next potential site until a site was found that met the
criteria. Then a site characterization was completed.
5. Potential sites in the paired Control area were then visited.
6. A Control site was selected if it was determined to be functionally similar to the Treatment
site in terms of biophysical characteristics and potential plant community composition and
production, and resilience.
This ‘ecological site’ approach to matching is the standard for rangeland inventory, assessment
and monitoring in the United States. It is used in place of propensity scoring where it is costprohibitive to collect characterization data for the entire population.
Site selection 2012 (Phase II)
In 2012, GIS layers were available for both Treatments and Controls. IPA randomly sampled pairs
of similarly sized Treatment and Control groups, stratified by soum. Distance between Treatment
and Control Herder Groups varied. Some pairs were ~1-km and some were more than 100-km
from each other, likely resulting in increased variance due to rainfall variability, in addition to the
increased variance due to lack of biophysical criteria in the matching. However, this approach
increased the ability to integrate the land quality analysis with other analyses. USDA randomly
selected and characterized one 1-ha site in each Treatment and Control Herder Group lease area,
using the same rejection criteria as described under point #2 above for Phase I.

5.3. Objectives of the TOR
In cooperation with MCC and USDA, MCA-Mongolia enlisted MSRM to collect data on
rangeland environmental health and degradation. MCA-Mongolia was the contracting party with
MSRM and provided day-to-day management and supervision. In addition, MCA-M asked MSRM
to work in collaboration with and under the supervision of a team of impact evaluation experts and
economists from Innovations for Poverty Action (IPA). IPA was contracted by MCC in September
2008 to design and implement impact evaluations for some activities of the Mongolia program.
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IPA is based in the United States, but at least one member from IPA was based in Mongolia for
the period of the Contractor’s activities, and worked closely with the Contractor to assure that data
collection was of the highest possible quality. MSRM reported to MCA-M, who coordinated and
made sure MCC and IPA agreed that technical specifications/conditions would be met.

5.4. Design
In May 2012, the USDA-Jornada selected the 6 best-matched Treatment-Control pairs from each
of the 3 peri-urban areas in Phase I (Erdenet, Darkhan and Ulaanbaatar) in 2011. On May 4, two
teams selected plots in the Kharkhorin and Choibalsan areas of Phase II.
For a plot, the site characterization team marked the corners of five 1-m x 1-m quadrats in defined
directions (relative to slope aspect at each site). Vegetation in half of every quadrat was clipped in
Fall 2012, and the other half was clipped in Spring 2013. See example below of the plot design.
Figure 7. Plot Design

At each plot, two 50-m, parallel transects were installed and vegetation characteristics measured
using the Line-point intercept method.
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Figure 8. General Plot Layout
General transect layout at a plot
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5.5. Data Collection Methods
Data were collected using the Line-point intercept method (Herrick, J. E., Van Zee, J. W.,
Havstad, K. M., Burkett, L. M., & Whitford, W. G. (2005). Monitoring Manual for Grassland,
Shrubland and Savanna Ecosystems. Vol. I: Quick Start. USDA-ARS Jornada Experimental
Range, Las Cruces, NM: Distributed by University of Arizona Press.) and Plant Production
method (Ibid Vol. II: Design, Supplementary Methods and Interpretation.). All plants were
clipped at 1-cm height from the soil surface, except shrubs and sub-shrubs (see #1 below). Nine
plant functional groups were clipped on each 50-cm x 100-cm quadrat. The nine plant functional
groups are defined below:

1. All shrub species + All sub-shrub species (no Artemisia species). Only leaves plus previous
2.
3.
4.
5.
6.
7.
8.
9.

year’s woody growth (i.e., terminal nodes that grew last year) was clipped. Woody material
older than current season’s growth was not collected.
All Potentilla species combined.
Artemisia frigida only.
All other Artemisia species combined, including annual Artemisia species.
All remaining forb species combined.
All Stipa species combined.
All other grass species combined.
All Carex species combined.
All other annual plant species combined.
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Figure 9. Example of a Clipped Quadrat

5.6. Data Collection Schedule
Timeline:
June 6 - 21, 2011: Collected site characterization data for Phase I (baseline data)
June 7 - 19, 2011: Collected Line-point intercept data for Phase I (baseline data)
May 3 - 21, 2012: Collected site characterization data for Phase II (baseline data)
August 15 to September 9, 2012: Collected Line-point intercept data for Phase II (baseline
data)
Fall 2012: Collected Production data from August 14 to September 9 for both Phase I and
Phase II
Spring 2013: Collected Production data from April 16 to May 12, 2013 for both Phase I and
Phase II
Fall 2013: Collected Production data from August 17 to September 13, 2013 for both Phase I
and Phase II
Spring 2014: Collected Production data from April 13 to May 5, 2014 for both Phase I and
Phase II
Spring 2017: Collected Production data from April 11 to April 27, 2017 for both Phase I and
Phase II
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Summer 2017: Collected Production data from June 17 to July 4, 2017 for both Phase I and
Phase II
Fall 2017: Collected Production and Line-point intercept data from August 26 to September
12, 2017 for both Phase I and Phase II
Season Definitions:
Spring: After snowmelt and before green-up of grass and shrub species. Some species remain
green, yet dormant, throughout the cool season.
Summer: Mid-way between Spring and Fall (about 70 days after Spring and 70 days before
Fall)
Fall: After plants have fully grown and/or fruited, yet before senescence and/or leaf-drop.
See the DIMA (Database for Inventory Monitoring and Assessment) for exact collection dates.
All MCC data are stored in DIMA on the Jornada server (R:\USDA\Soils\Data\Mongolia).
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6. Implementation Summary
6.1. Who Were the Implementers?
Data Collection
In 2011, technicians from the Mongolian Society for Range Management (MSRM) completed the
field study on long-term changes in vegetation, composition and soil potential on a total of 48
Treatment plots and 48 Control plots for Phase I.
In 2011, MSRM research technicians divided into 2 vegetation groups and 1 soil group. These
groups completed soil and site characterization and vegetation measurements. Prior to collecting
data, Justin Van Zee from the USDA conducted field training with the technicians to standardize
field methods and therefore data collection. The productivity measurement protocol was
redesigned to collect utilization data. Justin Van Zee from the USDA led the soil and site
characterization team, and was assisted by Budbaatar Ulambayar from MSRM.
In 2012, data collection was organized in 2 steps:
1. Soil and site characterization data were combined with site selection in April and May.
2. Vegetation measurements included: Line-point intercept (LPI); Gap Intercept; quadrat
photos; and biomass clipping in Treatment and Control plots for five replicates per plot in
August.
In 2012, technicians from MSRM completed the field measurements for vegetation on a total of
18 Treatment plots and 18 Control plots for Phase I, as well as 62 plots in Kharkhorin and 38 plots
in Choibalsan for Phase II. USDA provided design, training and implementation assistance. The
MSRM technicians divided into 3 vegetation teams in order to complete the measurements.
Biomass samples were dried and measured by the local meteorology stations under contract.
From 16 April to 12 May 2013, three teams worked on biomass clipping.
Fall biomass data collection was carried out by three teams in Phase I, Kharkhorin and Choibalsan
between 17 August and 13 September 2013.
In 2017, the National Federation of Pasture User Groups NGO (NFPUG) collected biomass data
in the spring (April 11 to April 27, 2017), summer (June 17 to July 4, 2017) and fall (August 26
to September 12, 2017) for Phase I and II. In addition, Line-point intercept data were collected in
the Fall (August 26 to September 12, 2017) for Phase I and II. Justin Van Zee from the USDA
provided training and implementation assistance. The USDA entered the field data into DIMA
and error checked the data.
Data Entry into DIMA and Data Cleaning
In 2011, 3 students were hired and trained for data entry. L. Otgontuya, a MSRM researcher,
headed the data entry team. Data entry took 7 weeks. Field data for each plot were entered into the
Database for Inventory, Monitoring, and Assessment (DIMA), an Access program developed by
USDA Jornada Experimental Range (JER), and modified for the MCC Mongolia project to
produce reports of different types and scales (http://jornada.nmsu.edu/monitassess/dima/download).
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Ericha Courtright, the DIMA database specialist at the USDA, worked in Mongolia on data error
checking from 4 - 14 October 2011. Ericha Courtright and Justin Van Zee continued working with
MSRM on data cleaning via e-mail until it was completed in January 2012.
In 2012, data entry work started in December with MSRM researchers L. Otgontuya, D.
Lkhagvasuren, A. Enkhtur and GreenGold project researchers U. Budbaatar and S. Sumjidmaa.
Primary field data sheets of soil characterization, Line-point intercept, and standing biomass were
used for data entry into DIMA. Ericha Courtright worked on data error checking and cleaning.
MSRM created a new 2012 database, and this database was merged with the prior database so all
the data were housed in a single copy of DIMA. Data cleaning finished in February 2013.
After the spring 2013 standing biomass data collection, MSRM researchers L. Otgontuya, U.
Budbaatar, and S. Sumjidmaa entered biomass data into DIMA from 1 - 24 June 2013. Ericha
Courtright performed data error checking and cleaning. Data cleaning finished in June 2013.
MSRM researchers L. Otgontuya and D. Lkhagvasuren entered fall 2013 standing biomass data
into DIMA from 20 September to 30 October 2013 and handed it over to Ericha Courtright on 31
October 2013 who performed additional error checking and data cleaning.
After the completion of the fall 2017 data collection, Line-point intercept and Standing Biomass
data were entered into DIMA by the USDA. Ericha Courtright and Justin Van Zee traveled to
Mongolia in October 2017 to complete data cleanup, working directly with Densambuu (project
manager), Budbaatar (field manager), and the field crew leaders (Sumjidmaa, Burmaa, and
Ankhtsetseg).

6.2. Were Monitoring Targets Achieved? Why or Why Not?
The objective of collecting statistically valid baseline and endline monitoring data was achieved
for Phase II, but not for Phase I. It was not achieved for Phase I because of project implementation
limitations on random selection of Controls (none provided) and time and information limitations
to alternative approaches (e.g., paired Controls at sufficient distance from Treatments). In Phase
II, we were able to use IPA-provided randomly selected Controls.
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7. Findings
7.1. Line-point intercept (LPI): Analysis and Results
Data were collected at the beginning of the project (2011-2012) and the end of the project (2017).
The data set is an LPI report exported from DIMA and has three response variables: % bare soil, %
plant basal cover, and % plant total foliar cover. Because LPI data is recorded by species, this
allows for plant functional groups to be created for analyses. Therefore, the following groups were
analyzed in order to match the groups that were collected for standing biomass: all Caragana
species; all Potentilla species; Artemisia fridgida; Caragana microphylla; all graminoids
(grasses); all monocots; all sedges; and all Stipa species. These groups are not mutually exclusive
as some groups are combinations (e.g., monocots include all grasses and sedges). The data set
contains no missing data.
Within each of the 5 PURP areas, between 5 and 9 soums were sampled. Within each soum,
between 1 and 8 Herder Groups were sampled. Each Treatment plot was paired with a specific
Control plot. The pairing criteria were that each Treatment and Control plot must be in the same
soum, and generally of the same pasture size. One of the objectives of the analysis is to determine
how successful this pairing was.
There was one set of Treatment/Control plots that did not pair correctly. Justin Van Zee
investigated and determined that this set of plots is very close to the Uvurkhangai Kharkhorin (WC
2-1)/ Arkhangai Tuvshruulekh (WT 2-1) border and was actually intended to be paired with each
other. The soum for both plots was determined to be Kharkhorin.
The table below indicates the number of plots for each Area*Soum*Treatment combination after
the change described above.
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Table 4. Phase I and II Number of Plots for Each Area and Soum
Area
Darkhan
Darkhan
Darkhan
Darkhan
Darkhan
Darkhan
Darkhan
Darkhan

Soum
Hongor
Orhon
Bayangol
Hushaat
Javhlant
Saihan
Shaamar
Zuunburen

Control_n
2
1
3
4
2
1
1
1

Treatment_n
2
1
3
4
2
1
1
1

Choibalsan
Choibalsan
Choibalsan
Choibalsan
Choibalsan
Erdenet
Erdenet
Erdenet
Erdenet
Erdenet
Ulaanbaatar
Ulaanbaatar
Ulaanbaatar
Ulaanbaatar
Ulaanbaatar
Ulaanbaatar
Ulaanbaatar
Ulaanbaatar

Bayantumen
Bulgan
Choibalsan
Intensive
Sergelen
Bugat
Hangal
Bayan‐Undur
Jargalant
Orhontuul
Altanbulag
Argalant
Bayan
Bayanchandmani
Bayandelger
Bayantsogt
Erdene
Sergelen

6
8
3
1
1
3
1
5
5
1
2
1
2
3
2
2
2
3

6
8
3
1
1
3
1
5
5
1
2
1
2
3
2
2
2
3

Kharkhorin
Kharkhorin
Kharkhorin
Kharkhorin
Kharkhorin
Kharkhorin
Kharkhorin
Kharkhorin
Kharkhorin

Khotont
Tuvshruulekh
Burd
Kharkhorin
Khujirt
Taragt
Ulziit
Yusunzuil
Zuunbayan‐Ulaan

4
3
2
3
3
6
1
3
6

4
3
2
3
3
6
1
3
6

Analysis of Variance was conducted separately for each Area on the baseline data (2011-2012).
It was carried out in four ways:
1. Independent plots, without regard to soum or pairing.
2. Independent soums without regard to pairing, with plots within each soum considered as
subsamples.
3. Paired independent plots without regard to soum.
4. Independent soums with paired plots nested within them.
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The table below has p‐values for each analysis resulting from the test of equal means between
Treatment and Control groups. The analyses the Treatment and Control groups were matched
equally at the beginning of the project.

Table 5. Phase I and II P-Values for Test of Equal Means between Treatment and Control
Groups
Indicator
Bare Soil
Bare Soil
Bare Soil
Bare Soil
Bare Soil
Basal Cover
Basal Cover
Basal Cover
Basal Cover
Basal Cover
Total Foliar
Total Foliar
Total Foliar
Total Foliar
Total Foliar

Area
Darkhan
Choibalsan
Erdenet
Ulaanbaatar
Kharkhorin
Darkhan
Choibalsan
Erdenet
Ulaanbaatar
Kharkhorin
Darkhan
Choibalsan
Erdenet
Ulaanbaatar
Kharkhorin

Analysis1
0.990
0.337
0.965
0.848
0.656
0.762
0.563
0.882
0.950
0.143
0.646
0.279
0.910
0.499
0.629

P‐value
Analysis2
Analysis3
0.987
0.967
0.283
0.338
0.940
0.924
0.767
0.767
0.623
0.610
0.561
0.487
0.441
0.519
0.847
0.783
0.929
0.925
0.073
0.090
0.490
0.033
0.232
0.251
0.845
0.806
0.434
0.267
0.567
0.481

Analysis4
0.967
0.283
0.924
0.767
0.610
0.487
0.441
0.783
0.925
0.073
0.033
0.232
0.806
0.267
0.481

Although Analysis 4 appears to have the most power, pairing the plots changes the results of the
analysis in no more than 2 of the 15 cases, depending on the reference analysis and chosen alpha
level.
7.1.1. Line-point intercept (LPI): Discussion
The baseline analyses demonstrated that there was no systematic bias in either the Phase I areas (for
which a matched‐pair approach for Control selection was used) or the Phase II areas (for which the
Controls selected by IPA using a matched‐pair approach was used). This analysis supports use of
these plots for endline data collection for all five areas, recognizing that interpretation of results
from the Phase I areas will be limited by both the small sample size, and the fact that the Controls
were necessarily (due to the lack of other Control GPS information from the PIU) simply located
in ecologically similar areas immediately adjacent to the Treatments.
For the end of project data collection (2017), there were no differences between Treatment and
Control in any of the project areas for the three response variables: % bare soil, % plant basal cover,
and % plant total foliar cover.

43

Figure 10. Phase I Means for Soil Surface Cover Elements Pre and Post Project
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Figure 11. Phase II Means for Soil Surface Cover Elements Pre and Post Project

Averaging Treatment and Control plots, comparison of these variables between the two data
collections shows a significant increase in % basal cover for Darkhan and Ulaanbaatar (Phase I),
as well as Choibalsan (Phase II). Similarly, there was an increase in % plant total foliar cover
between 2012 and 2017 in Erdenet (Phase I). However, there was a significant decrease in % plant
total foliar cover in Darkhan (Phase I) and Choibalsan (Phase II). The third variable, % bare soil,
displayed a significant increase in Darkhan and Ulaanbaatar (Phase I), Choibalsan (Phase II), and
no statistical differences between 2012 and 2017 in Erdenet (Phase I) and Kharkhorin (Phase II).
These patterns are not related to the experimental treatment but are likely due to precipitation
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patterns in these areas. For example, Darkhan and Ulaanbaatar (Phase I), as well as Choibalsan
(Phase II), showed an increase in % basal cover and % bare soil between 2012 and 2017. This may
be explained by the low precipitation in 2017. It is likely that plants established and/or expanded
in the years between 2012 and 2017, thus increasing basal cover in those areas. Then, during the
dry 2017 season, foliar portions of those plants were utilized by grazers throughout the growing
season, yet plant bases persisted.

Figure 12. Phase I Means for Combined Soil Surface Cover Elements Pre and Post Project
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Figure 13. Phase II Means for Combined Soil Surface Cover Elements Pre and Post Project
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For the end of project data collection (2017), there was only one difference between Treatment
and Control when analyzing % foliar cover (i.e., plants present in any of the LPI layers) for the
additional variables analyzed. In Kharkhorin (Phase II), Treatments had higher cover of Artemisia
fridgida than Controls. There were no other significant differences between Treatments and
Controls among the other plant functional groups. An interesting pattern was observed when
examining averaged % foliar cover (i.e., plants present in any of the LPI layers) data by year (main
effect). Decreases in cover were observed for several functional groups in 2017, particularly
amongst grasses. This pattern was most prevalent in Phase II areas where there was decreased
grass cover in 2017 compared to 2012. This pattern was also seen in Kharkhorin and Ulaanbaatar
for Phase I. Concurrently, there was an increase in sedge cover in both Phase II areas from 2012
to 2017. Ecological site type (e.g., the combination of soil type, landscape position, and general
vegetation community) and precipitation were not taken into account in these analyses since the
data were not available.

48

Figure 14. Phase I Means for Plant Functional Group Cover Elements Pre and Post Project
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Figure 15. Phase II Means for Plant Functional Group Cover Elements Pre and Post Project
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7.2. Biomass/Production: Analysis and Results
For this analysis, total biomass and functional groups were considered. The original nine plant
functional groups as well as three post-collection combined groups are defined below:

1. All shrub species + All sub-shrub species (no Artemisia species). Only leaves plus previous
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

year’s woody growth (i.e., terminal nodes that grew last year) was clipped. Older woody
material was not removed.
All Potentilla species combined.
Artemisia frigida only.
All other Artemisia species combined, including annual Artemisia species.
All remaining forb species combined.
All Stipa species combined.
All other grass species combined.
All Carex species combined.
All other annual plant species combined.
All grass species combined (Stipa + All other grass species)
Monocots (Stipa + All other grass species + All Carex species)
Total biomass (sum of categories 1-9)

The dry weights data set contained entries for only the plant groups that had positive biomass.
Following this, the lack of a group at a given subplot is evidence of 0 g biomass. For each subplot
that was sampled at each sampling occasion, zeros were inserted into the data set for each of the
missing plant groups.
To integrate the subplots to the level of the Herder Group, the 9 groups were averaged for each
Herder Group for each sampling occasion (maximum number of 5, but sometimes subplots were
missing) and then multiplied by 20 to convert from units of g/m2 to units of kg/ha.
For the 3 additional functional groups, the total number of subplots sampled at each Herder
Group*sampling time combination (max of 5, but sometimes subplots were missing) were assessed
from the data. This number was multiplied by 0.5 m2 to calculate the total area sampled. Then the
individual plant groups comprising each of the additional functional groups were summed over
the subplots and the sum was divided by the total area of the subplots sampled. This quotient was
then multiplied by 20 to convert from units of g/m2 to units of kg/ha.
For each Plot*Treatment combination, biomass from the 9 functional groups in each of the 5
subplots per site was summed to obtain the total biomass. The analysis was conducted in 2 phases:
Phase I and Phase II.
There is a greater level of short‐term interest in this dataset than only the plant cover by both the
Mongolian Government (which is interested in using it for stocking rate estimates) and MCC (who
may wish to use it to help evaluate the extent to which the Treatments were implemented as
planned).
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7.2.1. Phase I
Phase I was conducted in three areas: Darkhan, Erdenet and Ulaanbaatar. Plots were nested within
Herder Groups, which were nested within soums, which were nested within Areas. At each
Treatment and Control plot there were 5 subplots.
The analysis was conducted separately for each Area*Year*Season combination. The objective
was to compare Treatments to Controls. For Spring season 2017, there were no significant
differences in total standing biomass (kg/ha) between Treatments and Controls, nor were there any
significant differences within any of the 9 functional groups and 2 combined groups. This pattern
was also observed in 2013 and 2014.
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Figure 16. Phase I Means for Plant Functional Group Cover Elements per Year for Spring
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For Fall season 2017, there were no significant differences in total standing biomass (kg/ha)
between Treatments and Controls. This pattern was also observed in 2012 and 2013. One
functional group, Carex species, had significantly higher standing biomass in the Treatment in
Darkhan during Fall 2017. This was also true in Fall 2013. For all the groups, standing biomass
(kg/ha) generally decreased in all three Phase I areas between 2012 and 2017.
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Figure 17. Phase I Means for Plant Functional Group Cover Elements per Year for Fall
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2017 was a low biomass production year due to drought. The three data collections (Spring,
Summer and Fall) in 2017 showed that biomass peaked later in the growing season, except
Darkhan, which peaked early in the summer and remained constant from through the final
clippings in fall. The mid-season clipping in summer verified that there were no differences in
utilization patterns.

56

Figure 18. Phase I Means for Plant Functional Group Cover Elements for 2017 Seasons
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7.2.2. Phase II
Phase II was carried out in two areas: Choibalsan and Kharkhorin. Phase II was different from
Phase I in that Controls were sampled in Herder Groups from the same soum and of roughly the
same grazing pasture areas, rather than areas adjacent to the Treatment Herder Groups. This was
possible because in Phase II the overall research design was a randomized control trial (RCT)
where Herder Groups were randomly assigned to receive the project (grazing land, etc.) or not.
For Choibalsan in 2013, this analysis did not use the two pairs of plots whose Treatments burned:
Choibalsan Bulgan DT 9-3 and Choibalsan Sergelen DT 13-2. Analyses were conducted
separately for each Area*Year*Season combination. The objective was to compare Treatments to
Controls. In Spring season 2017, there were no significant differences in total standing biomass
(kg/ha) between Treatments and Controls, nor were there any differences within any of the 9
functional groups and 2 combined groups. This pattern was also observed in 2013 and 2014. There
was a general decrease in standing biomass over the course of this project in both Phase II project
areas.
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Figure 19. Phase II Means for Plant Functional Group Cover Elements per Year for Spring
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For Fall season 2017, there were no significant differences in total standing biomass (kg/ha)
between Treatments and Controls. This pattern was also observed in 2012 and 2013. One
functional group, Artemisia frigida species, had significantly higher standing biomass in the
Treatment in Kharkhorin in Fall 2017. As was the case in Phase I for all groups, standing biomass
(kg/ha) generally decreased between 2012 and 2017, except for an increase in Carex species in
Choibalsan during that same timeframe. Total standing biomass in 2017 was generally half the
amount as it was in 2012 at the beginning of the project.
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Figure 20. Phase II Means for Plant Functional Group Cover Elements per Year for Fall
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2017 was a low biomass production year due to drought. The mid-season clipping in summer
verified that there were no differences in utilization patterns between Treatments and Controls.
There was no statistical difference between Treatments and Controls for Summer 2017 biomass
estimates, with the single exception of Artemisia frigida in Kharkhorin, where Treatments had
nearly 2.5 times more standing biomass than Controls.
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Figure 21. Phase II Means for Plant Functional Group Cover Elements for 2017 Seasons

63

7.2.3. Analysis Rationale
After exporting from DIMA, data manipulation was carried out in R (Version 3.4.2). Linear mixed
effects models were fit with the GLIMMIX procedure in SAS (Version 9.4; SAS Institute, Cary,
NC). Figures of model results were created with the ggplot2 package in R.
A total of 11 indicators of fractional cover (% cover) were derived from Line-point intercept (LPI)
data: Bare Soil, Basal Cover, Total Foliar Cover, and Foliar Cover of Caragana, Potentilla, ARFR,
CARMI, Gramminoids, Moncots, Sedges, and Stipa. Each of these were sampled at two time
periods (~2012 and 2017) in each of the 5 areas. A separate linear mixed model was fit for each of
the 55 total area x indicator combinations. MCC Treatment (Control or Treatment), year (2012 or
2017) and their interaction were implemented as fixed effects. A random year effect nested within
Herder Group number was used to account for repeated measures and remove variation common
to the paired herder groups. The Kenward-Roger method was used to compute denominator
degrees of freedom for Type 3 test of fixed effects. Mean comparisons were conducted with
Fisher’s Least Significant Difference.
A total of 12 standing biomass responses were analyzed, all in units of kilograms per hectare
(kg/ha): Annuals, ARFR, Carex, Forbs, Grass, Moncots, OtherArtemisia, OtherGrass, Potentilla,
Shrubs, Stipa, and Total biomass. Each of these were sampled at 7 time periods: Fall 2012, Spring
2013, Fall 2013, Spring 2014, Spring 2017, Summer 2017, and Fall 2017 in each of the 5 areas.
This posed a challenge for conducting analyses because of the unequal spacing in time between
sampling events and the high degree of variability in standing biomass between events. To address
this, the analysis was broken into 3 smaller analyses: Fall only (Fall 2012, Fall 2013, and Fall
2017); Spring only (Spring 2013, Spring 2017, and Spring 2017), and 2017 only (Spring 2017,
Summer 2017, and Fall 2017). In each of these 3 analyses, a separate linear mixed model was fit
for each of the 60 total Area x Production response combinations. For the Spring and Fall analysis,
MCC Treatment (Control or Treatment), year (3 levels) and their interaction were implemented as
fixed effects. For the 2017 analysis, MCC Treatment (Control or Treatment), season (Spring,
Summer, and Fall) and their interaction were implemented as fixed effects. For virtually all of the
models it was not possible to profile a paired Herder Group effect; it was found to be 0 in most
cases. For this reason, the paired Herder Group effect was omitted from the models. Repeated
measures were accounted for with a random effect for sampling occasion with an unstructured
temporal covariance. The Kenward-Roger method was used to compute denominator degrees of
freedom for Type 3 test of fixed effects. Mean comparisons were conducted with Fisher’s Least
Significant Difference.
7.2.4. Biomass/Production: Discussion
The analyses, like those for the plant foliar cover data, demonstrated that there was no systematic
bias in either Phase I areas (for which a matched‐pair approach was used for Control selection) or
the two Phase II areas (for which the Controls were randomly selected by IPA using a matched‐pair
approach was used). This analysis supports use of these plots for endline data collection for all five
PURP areas, recognizing that interpretation of results from Phase I areas will be limited by both
small sample size, and the fact that “Controls” were necessarily (due to the lack of other Control
GPS information from the PIU) located in similar areas immediately adjacent to the Treatments.
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There were no significant (α < 0.05) Treatment effects for vegetation cover and biomass for Phase
II. There are several possible reasons. First, the seasonal use of Phase II lease areas did not match
the Project Implementation Unit (PIU) planned use. For example, 60% of the winter leases were
grazed in summer, which was allowed, but not anticipated. In addition, only 80% of the leases
were grazed in the winter, whereas 85% of the leases were grazed in the spring. Second, the lack
of a Treatment effect could be due to: (1) stocking rates that were too high such that overgrazing
was still occurring, or (2) stocking rates that were too low following the 2010 dzud, such that
reducing further would not have much impact. Lastly, the change in stocking rates may have been
too small to result in a change in residual biomass. This could be the result of the self-reported
stocking rate numbers being incorrect due to herders reporting the numbers they had committed
to, rather than their actual stocking rates.
Were Peri-Urban Lands Being Overgrazed in Phase II Areas During the Project?
1. Forage supply is in balance with consumption and winter pastures are not being overgrazed
in either Controls or Treatments.
2. The carrying capacity based on the calculated forage allocation to livestock used by the
PIU (~0.5 - 0.56 of peak standing biomass, which is 80% of NAMEM’s recommendations)
is approximately equal to the reported stocking rates (IPA Survey). A comparison of PIUrecommended and IPA survey-reported stocking rates suggest that the stocking rates were
in balance with PIU calculated carrying capacity. This also indicates that the winter
pastures are not being overgrazed. When broken down by region, however, IPA did find
that stocking rates slightly exceeded PIU-calculated carrying capacity in Kharkhorin, and
were below PIU-calculated carrying capacity in Choibalsan. This suggests that some
overgrazing may have occurred in Kharkhorin.
3. However, using a calculated forage allocation to livestock ratio of 0.3 instead of 0.5 – 0.56
of standing crop suggests that the stocking rate in the Treatments exceeded the land’s longterm carrying capacity. The combination of harvest efficiency, forage production, forage
intake and livestock production as well as erosion control and watershed function tend to
support an allocation of between 25% and 35% (Scott et al. 1979, Stuth et al. 1981, Allison
et al. 1982, and Heitschmidt et al. 1987). This suggests that the winter pastures are being
overgrazed.
4. The hypothesis that overgrazing is occurring is also supported by observations of extensive
overgrazing in summer pastures during late spring and summer. This may explain survey
results indicating that 60% of the lease areas (winter pastures) were being grazed during
summer. Summer grazing of winter pastures may, in fact be an unintended consequence of
the project: summer grazing is only possible where there is water, while winter grazing is
possible anywhere (especially for sheep and goats) due to the presence of snow. The
unintended consequence could be positive (if wells result in a better distribution of
livestock during the summer grazing period) or negative (if it leads to a further increase in
livestock numbers, resulting in degradation of the winter pastures, due to intensive summer
use around the new watering points). This hypothesized degradation process of winter
pastures is similar to the degradation that has already occurred on summer pastures.
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Conclusion. The evidence and interpretation in 1 (overgrazing was not occurring) contradicts
that presented in 3+4 (overgrazing is occurring). Based on the evidence, we are unable to draw
any firm conclusions.
Were the Treatments Grazed Less Intensively than the Controls in Phase II Areas?
1. Standing biomass (kg/ha) and foliar cover (% of ground covered by rooted plants) indicated
that there were no overall differences in grazing intensity between Treatments and Controls
in Phase II areas throughout the growing season (April – September) in 2017.
Conclusion. While a simple analysis of the biomass data indicated no difference in utilization
among the treatments, a possible analysis of biomass, precipitation and animal numbers may
aid in interpreting these patterns. In addition, stratifying sites by ecological state group or soil
type may explain some of the variation in biomass availability. Ecological state groups
describe potential for different types of forage growth. Precipitation, animal numbers and
ecological state data were not available at the time this report was written.
Interpretation (Hypothesis). Biomass production in Choibalsan is not forage limited. Biomass
production in Kharkhorin is forage limited to the point that, by the end of the growing season,
virtually all accessible forage has been removed. Including precipitation, animal numbers and
ecological state data in the analyses may explain some of these patterns.
Biophysical Process/Mechanism. Lower removal rates early in the growing season = higher
leaf area = greater photosynthesis = more carbon available for transport to the roots (supporting
long-term recovery) AND more biomass available mid-summer for animal production.
Biomass availability in Choibalsan showed a consistent increase throughout 2017, even though
there were no significant differences between Treatments and Controls. This suggests that none
of the pastures were over-utilized by grazers. In Kharkhorin, there was a slight increase in
standing biomass over the same period, although not as pronounced as Choibalsan. Even
though the geographic diversity in Kharkhorin is much higher than in Choibalsan, and overall
precipitation is lower, the increasing trend was still apparent. Higher stocking rates in
Kharkhorin explain the lower biomass availability in all three seasons. It is likely that there
was at least some attempt in the spring/early summer to reduce stocking rates on the leases.
Fewer animals on the leased land simply ate more, and so produced more, but were still hungry.
Moreover, there was a lot of trespass grazing that we could not measure. Fall 2017 had the
least amount of available forage among the three years because of drought conditions in the
early and mid-season. This limited the amount of available forage going into winter.
Opportunity. The hypothesis that overgrazing is occurring during the early part of the growing
season could be tested by tracking animals’ grazing movements via GPS during the early part
of the growing season. Tracking animals throughout the growing season would provide a better
understanding of grazing dynamics.
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8. Next Steps and/or Future Analysis
8.1. Dissemination Procedures
This report will be posted on the Jornada’s website and highlighted through social media efforts,
as appropriate. U.S. and Mongolian government, university and other scientists and consultants
who have previously expressed interest in the project will be notified of its completion and
availability by providing them with a link to the site via e-mail. We would be happy to work with
MCC and IPA on any other dissemination strategies as mutually agreed.

8.2. Additional Analysis and Deliverables Expected (Journal Articles,
Workshops, Conferences, etc.)
No additional analyses or deliverables are currently planned.

8.3. Lessons Learned
The analyses, like those for the vegetation cover data, demonstrated that there was no systematic
bias in the design. The data may be used as a baseline for impact evaluation, taking into account
the limitations of Phase I Control selection noted above.
Some significant challenges were addressed with differing levels of success:
 Limited capacity for data collection using standard methods. This was successfully
addressed in cooperation with very committed Mongolian field crews, supported by
intensive USDA training.
 Limited capacity for data management. This limitation was due to a combination of factors
including limited experience with databases and data management, and
language/communication. This was successfully addressed through extensive interactions
with and input from the USDA technical support team.
 Limited knowledge about when Treatments were effectively imposed. This is necessary to
determine whether or not the timing of baseline data collection was appropriate, and to
adjust conclusions accordingly. Mid-season site visits were implemented to verify that Treatments
were being imposed.
 Continue to need better estimates of carrying capacity and stocking rates for all PURP
areas, especially over a range of environmental conditions (e.g., over a number of years
with vaying seasonal precipitation patterns from rainfall and snowfall)
 Phase I: More realistic Control plots that are spatially independent of Treatment plots were
needed.
 Phase II: Expand to include neighboring pastures (to both Treatments and Controls).
 Double or triple sample size would ensure a more realistic representation of the study areas.
 Tracking animal movements via GPS throughout the growing season would provide a
better understanding of grazing dynamics like daily animal movement patterns.
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