Science Advances
RAYAAAS

Supplementary Materials for

Rural land abandonment is too ephemeral to provide major benefits for
biodiversity and climate

Christopher L. Crawford ef al.

Corresponding author: Christopher L. Crawford, ccrawford@princeton.edu

Sci. Adv. 8, eabm8999 (2022)
DOI: 10.1126/sciadv.abm8999

This PDF file includes:

Supplementary Text
Figs. S1 to S29
Tables S1 to S6
References



Supplementary Text
Section S1. Extended Results

S1.1 Summary statistics

On average, we found that cropland abandonment lasted for only 14.22 years (SD = 1.44 years)
across our time series at our eleven sites (Table S1). Note, however, that these summary statistics
are calculated based on the mean abandonment duration at each site, in order to account for
different site sizes. The summary statistics reported above and in the main text are therefore the
mean of the individual mean abandonment duration values for each of our 11 sites, and the
corresponding standard deviation of these individual mean abandonment duration values. This
standard deviation represents the variation in mean abandonment duration among sites. For
comparison, we also calculated the standard deviation of abandonment duration values at each
individual site, which represents the variation among instances of abandonment at that particular
site. The mean of these 11 standard deviation values was 7.69 years. These values, along with the
mean and standard deviation across the 11 site summary values, are presented in Tables S2-S4.

S1.2 Limited abandonment in Mato Grosso

Mato Grosso, Brazil, was the only site that did not experience substantial amounts of cropland
abandonment during our time series (see Table S1). This is unsurprising given the recent history
of agriculturally-driven land-use change in Mato Grosso over the last few decades. Moreover,
the abandonment that did take place in Mato Grosso was subject to relatively quick recultivation,
with half-lives ranging from 11.53 to 18.9 years across our full range of endpoints (Fig. S17).
These half-lives were the shortest of any of our sites. However, because Mato Grosso showed
large amounts of new cultivation over the course of our time series and relatively little
abandonment (11,277 ha, or only 0.59% of the total cropland extent, as of 2017; Table S1), these
results should be interpreted with care. In Mato Grosso, agricultural expansion is undoubtedly
the dominant force affecting biodiversity and carbon stocks.

S1.3 Biomes

Our sites cover a range of biomes (Fig. S10), as delineated by the Ecoregions2017 map (79),
including:

. Temperate Broadleaf and Mixed Forests (Vitebsk Belarus/Smolensk, Russia; Bosnia &

Herzegovina; Wisconsin, USA),

*  Temperate Grasslands, Savannas, and Shrublands (Nebraska/Wyoming, USA; Orenburg,
Russia/Uralsk, Kazakhstan; Volgograd, Russia),

*  Tropical Grassland (Goias and Mato Grosso, Brazil),

*  Tropical Moist Broadleaf Forests (Chongqing, China; Mato Grosso, Brazil),
*  Montane Grassland and Shrublands (Shaanxi/Shanxi, China), and

*  Deserts & Xeric Shrublands (Iraq).

Individual ecoregions from the Ecoregions2017 layer are shown in Fig. S12, and the broad
categorization of these biomes into forest and non-forest is shown in Fig. S11.



The long-term land-cover outcomes for abandoned croplands (as of 2017) are shown in Fig. S23.
Land-cover outcomes for abandoned croplands showed wide variation across sites, with the
majority of abandonment in Wisconsin being classified as forest by 2017 (61% forest, 39%
grassland), while most abandonment remained in grassland at our other sites (Fig. S23). This
limited regrowth of woody vegetation may be a product of the biome (the four sites with the
highest proportion of abandoned cropland classified as woody vegetation by 2017 were also the
four sites entirely in forest biomes: Wisconsin, USA; Chongqing, China; Bosnia & Herzegovina;
Vitebsk, Belarus / Smolensk, Russia), but it may simply be a result of insufficient time for
woody biomass to develop, even in forest biomes. Land cover alone cannot confidently serve as
a proxy for ecosystem recovery.

S1.4 The effect of varying abandonment definitions

A relatively short-term definition of abandonment might result in an overestimation of
recultivation, by misclassifying long-term fallow cycles as periods of abandonment. In some
cases, short-term abandonment may be better understood as cyclical fallow periods rather than
true abandonment (33). Because the length of a typical fallow period may vary around the world,
we tested multiple abandonment thresholds in order to test the sensitivity of our results to our
choice of a five-year abandonment definition (which we selected following the FAO; 73). As our
abandonment threshold increased in length, the mean abandonment duration across our sites
increased accordingly, ranging between 8 years (no threshold) and 19 years (ten-year threshold,
see Fig. S21). As expected, using a longer abandonment definition reduced the amount of
cropland abandonment we detected, which is also shown in the area in the different colored age
classes in Fig. 3.

The proportion of abandoned croplands that were recultivated by the end of the time series also
responded to our abandonment threshold, with less recultivation for longer abandonment
thresholds (Fig. S4). However, even at the longest abandonment definition (= 10 years), we still
saw that between 11.91% and 30.13% of abandoned croplands were recultivated by the end of
the time series (in Shaanxi/Shanxi, China and Volgograd, Russia respectively). We find that the
mean area of abandoned croplands that get recultivated by the end of the time series declined
from 38.05% with a five-year threshold to 30.95% with a seven-year threshold, and 22.58% with
a ten-year threshold. This indicates that the abandonment and recultivation we observe is not
merely a function of our five-year abandonment definition.

Finally, we also assessed how different thresholds of recultivation affected the mean duration of
recultivation, finding a similar pattern to abandonment. When qualifying periods of
abandonment were recultivated, we found that the mean length of recultivation increased as we
increased the number of years that land needed to be continuously recultivated in order to be
considered “recultivated” (Fig. S22).

S1.5 Comparing approaches to estimating abandonment: annual vs. two-timepoint estimates

Some studies estimate cropland abandonment by simply looking for differences between two
cropland maps - in other words, by identifying areas where land cover is classified as
“cultivated” in one year, but not in a later year (e.g., 1992 and 2015 in ref. 4). Such a method has
the potential to overestimate abandonment by including short-term fallow periods and



discounting the potential for future recultivation. It also has the potential to underestimate
abandonment by missing any new cultivation (and subsequent abandonment) that takes place
between the two timepoints. To illustrate this point and understand the effect of using this
simplified approach instead of our full annual time series, we estimated cropland abandonment
by simply identifying areas that were classified as “cropland” in 1987 and classified as either
“woody vegetation” or “herbaceous vegetation” in 2017 (excluding “non-vegetation™).

Using this two-timepoint approach, we find only 5.00 Mha of “abandonment,” a 17.49%
underestimate compared to the 6.06 Mha of abandonment as of 2017 observed using our full
annual time series. This “abandoned” area ranged from 45.07% less (Goias, Brazil) to 46.38%
more (Mato Grosso, Brazil) area abandoned at each site than the area identified using the full
time series (Table S6). Furthermore, much of this “abandonment” consisted of croplands that had
been abandoned for less than five years and therefore did not meet our definition of
abandonment (ranging from 10.36% to 33.35% of area at all sites except Mato Grosso; see Table
S6).

Not only did the two-timepoint method produce different area estimates, but it also identified
geographically distinct areas of abandonment, with spatial agreement ranging from 28.5%
(Goiés, Brazil) to 63.33% (Bosnia & Herzegovina) at our sites (Table S6). We measured spatial
agreement using the Jaccard similarity index (87), a measure of overlap between two sets,
defined as the proportion of shared elements, or the intersection divided by the union (Equation
S1) (81):
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Section S2. Extended Methods

Our analysis builds on annual land cover maps for 1987-2017 developed by Yin et al. (38). The
following section outlines our data processing and analytical methods in greater detail than was
possible in the main text. We processed and analyzed our abandonment map data in RStudio
version 2021.9.2.382 (74), using R version 4.1.2 (2021-11-01) (75), relying heavily on the terra
(76), data.table (77), and tidyverse (78) packages. All area calculations were performed using
the terra package’s cellSize() function, which calculates the spherical area of each cell as
defined by its four corners (76).

S2.1 Temporal filters

In order to address potential land-cover classification errors, we implemented a series of
temporal filters designed to smooth trajectories by looking for short-term land-cover changes that
are temporally unlikely. We applied five-year and eight-year moving-window filters that
searched for short periods of land cover classifications that did not match those immediately
before and after, and subsequently updated them to match the surrounding classifications. More
specifically, the five-year filter searched for one year periods that did not match the two years
immediately before and after the central year (e.g., patterns of 11011, where 1 represents non-
cropland and @ represents cropland, or vice versa), and our eight-year filter searched for two year
periods that did not match the three years before and after (i.e., 11100111). Both filters then
updated the central classifications to match the classes on either end. We applied these filters to



the raw land cover maps for each land cover class sequentially (cropland, herbaceous vegetation,
woody vegetation, and non-vegetation), prior the identification of abandoned cropland.

S2.2 Classifying abandonment

We only included periods of abandonment that verifiably followed agricultural activity during
our time series. Accordingly, pixels that were consistently cropland or consistently non-cropland
(i.e., herbaceous or woody vegetation) classes throughout time were excluded. This also meant
that we excluded periods of non-cropland classification that began in the first year of the time
series, because of a lack of information on whether this non-cropland had been previously
cultivated. Accordingly, if pixels were initially non-cropland, then changed to cropland and were
subsequently abandoned, we only counted these last periods as abandonment.

To illustrate this, consider the following time series read left to right, which represents twenty
years beginning at the start of our time series (where 1 represents non-cropland and @ represents
cropland):
'87 '88 '89 '90 '91 '92 '93 '94 '95 '96 '97 '98 '99 '00 '01 '02 '03 '04 '05 '06
11 1 1 1 1 1 © © © © 1 1 1 1 1 1 1 1 1

This represents seven years of non-cropland to start the time series, followed by four years of
cropland cultivation, followed by nine years of non-cropland. Though this pixel experienced two
periods of non-cropland classification of five or more years (from 1987 through 1993, and from
1998 through 2006), we only include the second, nine-year period (1998 through 2006), because
it clearly followed cropland classification.

As noted in the main text, pixels that transitioned from cropland to the non-vegetation land cover
class were not considered “abandoned,” and therefore we excluded all non-vegetation pixels
from our entire analysis. These pixels accounted for <10% of total site area at all sites except
Shaanxi/Shanxi, China (12.7%) and Iraq (52.8%), and remained stable or declined over time at
all eleven sites (see Fig. S20).

S2.3 Estimating soil organic carbon accumulation

We derived mean soil organic carbon (SOC) accumulation rates from the Soils Revealed
database (39). Soils Revealed contains multiple scenarios of SOC accumulation under different
land-use change outcomes, including one that estimates the SOC that could accumulate in
agricultural lands (cropland and pastures) following a full return to native vegetation. This
scenario estimates SOC stocks after 20 years and 80 years of natural regeneration. In order to
translate this into an annual rate of soil organic carbon accumulation, we first extracted SOC
stock values for only those pixels that transitioned from cropland to native vegetation (after
identifying cropland pixels with the IPCC land cover map used in development of the database),
and calculated the mean stock at 20 and 80 years at each site, to allow for consistent application
to our finer resolution cropland map, which included some cropland areas not mapped by the
coarser IPCC land cover map. First, we calculated an annual SOC accumulation rate to be
applied during the first 20 years of regeneration by simply dividing the 20-year stock value by 20
(Fig. S13). To calculate an annual SOC accumulation rate to apply to years 21 through 80, we
divided the difference between the 80-year and 20-year SOC stock by 60 (Fig. S14).



S2.4 Modeling abandonment recultivation as a “decay’ process

Our mean abandonment duration metric tells us about the general persistence of abandoned
croplands throughout the time series. However, this duration value is limited by the time series
length, and does not account for when the majority of the abandonment took place at a site, nor
whether a period of abandonment ends as a result of recultivation or the end of the time series.
As a result, the mean abandonment duration does not tell us how long to expect a piece of land to
remain abandoned, nor how abandonment length varies through time. To address this constraint,
we track the trajectory of each abandoned pixel through time following its initial abandonment,
grouping pixels abandoned in a given year into “cohorts.” Decay trajectories derived from this
approach provide information about how long it takes for land to be recultivated, complementing
the mean abandonment length and providing a more nuanced story about how long to expect
abandonment to last.

For example, a site may have a relatively short mean length of abandonment (e.g.,
Shaanxi/Shanxi, China, with a mean abandonment length of 12.93 years; Fig. 4, Table S1), but
also have a gradual decay rate, indicating that land is like to stay abandoned for a relatively
longer amount of time than observed during the time window of our time series. This may result
from more abandonment occurring towards the end of the time series; this land simply does not
have as long to age and shows up as younger in our data, regardless of how long it may last in
the future. Looking at abandonment decay rates for each cohort individually allows us to produce
mean decay trajectories for each site in a way that accounts for when a piece of land was first
abandoned during the time series (i.e., giving us a sense of how long to expect a given piece of
land to remain abandoned, even into the future).

S2.4.1 Model selection and diagnostics

We fit a linear model using the 1m() function in R’s core statistics package stats, predicting the
proportion of abandoned cropland in each cohort remaining abandoned as a function of time
since initial abandonment at each site. The proportion of abandoned cropland remaining
abandoned is measured relative to the area abandoned five years following the year of initial
abandonment, as dictated by our five-year abandonment definition.

We tested a range of model specifications, including linear and log transformations of both
proportion and time. Due to a linear relationship between model residuals and time when
including only one term for time, we also tested models containing multiple time predictor terms,
including both log and linear terms.

We chose a model with the specifications shown in Equation 1 and reproduced here in Equation
S2. For cohorts of abandonment initially abandoned in years y = 1988, ...,2013, we estimate
the proportion p of each cohort y at site z remaining abandoned as a function of time t (i.e.,
based on the number of years after initial abandonment).

pyz =1+ Byz,llog(t + 1) + Byz,zt (SZ)

Where f,,, 1 represents the regression coefficient on the log term of time ¢ for cohort y at site z,
and B, , represents the regression coefficient on the linear term of time t for cohort y at site z.
We allow for cohort and site fixed effects, fitting unique coefficients for each cohort at each site.



We ran a single pooled model using data across all 11 sites, using the following function call:
stats: :lm(formula = I(proportion - 1) ~ @ + log(time + 1):cohort:site +
I(time):cohort:site). The observations and fitted values for each cohort from our pooled linear
model are shown in Fig. 6.

Model selection was performed based on Akaike Information Criterion (AIC) values (Fig. S24),
selecting the model with the lowest (i.e., more negative) AIC value. We confirmed that linear
model assumptions were not violated through visual inspection of both residuals vs. fitted plots
and Q-Q plots (Fig. S28).

S2.4.2 Comparing across cohorts using common endpoints

As noted in the main text, we calculate mean decay trajectories at each site for a range of
common endpoints (7-29 years; see Fig. S17). This method of parameterizing our pooled linear
model for subsets of our data according to common endpoints was developed in order to
facilitate fair comparisons across cohorts, specifically by ensuring that mean coefficient values
would be calculated after restricting each cohort to the same number of observations in the
calculation of coefficients to be averaged. In order to calculate the mean decay trajectory for a
given site at a given endpoint (as shown by the red lines in Figs. S26-S27), we took the mean of
the log coefficients (By,,1) and the mean of the linear coefficients (B, ;) respectively across all
cohorts y at each site z that met the threshold for each given endpoint. We then used these mean
coefficient values (B, and By, ;) to define a new function describing the mean recultivation (or
decay) trajectory for each site at each endpoint, using the same form as Equation (S2).

S2.5 Change in recultivation rates over time

We examined the rate of change of recultivation rates by calculating the half-life, defined as the
time required for half (50%) of a given cohort of abandoned cropland to be recultivated at a
given site, and parameterizing a simple linear model on these half-life values as a function of
time, using the stats: :1m() function in R’s core statistics package stats. This resulted in n =26
half-life values (one for each cohort) at each of our 11 sites. We estimate the half-life, tqf ,, as
a function of the year of initial abandonment (yearabn,), at each site z, as shown in Equation
(S3).

thalf,z = ﬁO,Z + ﬁl,zyearabnz (SB)

Where f; , represents the regression slope on the year abandoned (cohort) for site z (yearabn,),
and f, , represents the intercept. This corresponds to a stats: :1m() call of Im(formula = t_half
~ year_abandoned), run for each site individually. Results are shown in Fig. S18. We confirmed

that model assumptions were met through visual inspection of residuals vs. fitted plots and Q-Q
plots (Fig. S29).



Section S3. Supplementary Figures
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Fig. S1.

Maximum duration of cropland abandonment (in years) observed at each pixel between 1987 and
2017 in our eleven study sites. X axes show degrees longitude relative to the prime meridian
(negative indicating west and positive indicating east), and y axes show degrees latitude relative
to equator (negative indicating south and positive indicating north). This serves as a companion
to maps of the abandonment duration as of 2017 shown in Fig. 2. Site locations are shown in Fig.
1.
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The distribution of the maximum abandonment duration (in years) for each pixel at each site
from 1987 to 2017. The y-scale shows the proportion of pixels with maximum duration values of
a given duration at each site. As previously noted, abandonment and recultivation can occur
multiple times at a single pixel during our time series, and this figure serves as a companion to
the distribution of all abandonment periods shown in Fig. 4. Site-level mean duration values are
shown in the red and blue dots, corresponding to mean values calculated across all periods of
abandonment (in red, including multiple periods per pixel) and mean values calculated across
only the maximum duration of abandonment at each pixel (in blue). The vertical dashed lines
represent the mean of these site-level mean duration values, for all abandonment periods (red)
and only the maximum duration at each pixel (blue), respectively.
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The distribution of duration of recultivation periods that took place after qualifying periods of
abandonment. Recultivation (in which abandoned croplands were reclassified as active cropland
for one or more years) could take place at any point in or after 1993 (as a result of our five-year
abandonment threshold). Note that we included all periods of recultivation, regardless of length,
given that recultivation of even one year is biologically relevant to the process of secondary
succession. The y-scale shows the proportion of pixels with recultivation periods of a given
duration at each site. As previously noted, abandonment and recultivation can occur multiple
times at a single pixel during our time series, and this figure serves as a companion to the
distribution of all abandonment periods shown in Fig. 4. Site-level mean duration values are
shown as red dots, corresponding to mean values calculated across all periods of recultivation
(including the possibility of multiple periods per pixel). The vertical dashed lines represent the
mean of these site-level mean duration values, for all recultivation periods.
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Fig. S8.

Cumulative carbon accumulation in abandoned croplands as of 2017, in terms of Mg C per pixel
(30-m resolution). This cumulative value incorporates both carbon accumulated in forested
biomes (including aboveground biomass, belowground biomass, and soil organic carbon; 37) and
soil organic carbon accumulated in non-forested biomes (39). Forested biomes were delineated
using Ecoregions2017 (79). X axes show degrees longitude relative to the prime meridian
(negative indicating west and positive indicating east), and y axes show degrees latitude relative
to equator (negative indicating south and positive indicating north).
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Fig. S9.

Potential carbon accumulation in abandoned croplands as of 2017, assuming no recultivation of
abandoned croplands, in terms of Mg C per pixel (30-m resolution). Calculated using identical
carbon accumulation rates as Fig. S8, but assuming no recultivation. X axes show degrees
longitude relative to the prime meridian (negative indicating west and positive indicating east),
and y axes show degrees latitude relative to equator (negative indicating south and positive
indicating north).
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Biomes at each site, derived from Ecoregions2017 (79).
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Biomes at each site, separated into forest and non-forest, derived from Ecoregions2017 (79).
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Ecoregions at each site, from Ecoregions2017 (79).
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Fig. S13.

Annual carbon sequestration rates for the first 20 years of secondary succession, in terms of Mg
C per hectare. Forest carbon sequestration rates are drawn from (3/), and include aboveground
biomass, belowground biomass, and soil organic carbon, and apply for the first 30 years of
secondary succession. Soil organic carbon sequestration rates in non-forest biomes are drawn
from (39), and apply for the first 20 years of secondary succession. Forested biomes were
delineated using Ecoregions2017 (79). See Fig. S11. X axes show degrees longitude relative to
the prime meridian (negative indicating west and positive indicating east), and y axes show
degrees latitude relative to equator (negative indicating south and positive indicating north).
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Fig. S14.

Annual carbon sequestration rates for the third decade of secondary succession (years 21 through
30), in terms of Mg C per hectare. Forest carbon sequestration rates are drawn from (37), and
include aboveground biomass, belowground biomass, and soil organic carbon, and apply for the
first 30 years of secondary succession. Soil organic carbon sequestration rates in non-forest
biomes are drawn from (39), and are calculated from estimated “steady state” values after 80
years of succession. Forested biomes were delineated using Ecoregions2017 (79). See Fig. S11.
X axes show degrees longitude relative to the prime meridian (negative indicating west and
positive indicating east), and y axes show degrees latitude relative to equator (negative indicating
south and positive indicating north).
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Fig. S16.

Abandonment decay as a function of extent of abandonment at each site. Abandonment decay is
shown on the y-axis, as half-lives for endpoints of 10, 15, 20, and 25 years (represented by
yellow to purple colors). Abandonment extent is shown on the x-axis as the area abandoned in
2017 as a proportion of the total cropland extent at each site. The absolute area abandoned as of
2017 is shown by the size of the points for each site. The red dashed lines represent the mean
values for each axis.
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Mean half-lives of abandoned croplands at each site, calculated across our full range of common
endpoints (7 to 29 years). See Materials and Methods for a description of our common endpoint
modeling approach. These half-lives are calculated for mean site trajectories calculated across
model runs at a specific common endpoint (e.g., 15 years), in order to make fair comparisons
across cohorts with varying numbers of observations. This serves as a full companion to Fig. 7.
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Fig. S18.

The rate of change of decay rates (measured as the half-life, or the time required for 50% of each
cohort to be recultivated) at each site over the course of the time series. Individual site trends are
shown in panel a. Solid lines show simple linear regressions, the slopes of which are shown in
panel b. Gray bands around the linear trends in panel a and the error bars on slope estimates in
panel b both represent 95% confidence intervals. These models are described by Eq. (S3). Model
diagnostic plots are shown in Fig. S29.
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Annual turnover of abandoned croplands at each site, showing the annual gain (dark green) and
annual loss (i.e., recultivation, light green) and net change (black line) of abandoned croplands.
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Fig. S20.

Area in each land cover class at each site through time. Mapped land cover classes are cropland,
grassland, woody vegetation, and non-vegetation. Note that the area abandoned (for at least 5
years, shown in pink) consists of increases in grassland and woody vegetation that took place on

former croplands. Therefore, these three classes are not mutually exclusive.
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Fig. S24.

Akaike Information Criterion (AIC) values for various recultivation (“decay’) model
specifications polled across all 11 sites. Specifications included multiple combinations of site
and cohort fixed effects, and linear and log transformations. More negative AIC values indicate a
better model fit.
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All model coefficients from our pooled model across all 11 sites, shown with associated
uncertainty (95% confidence intervals).
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Recultivation (“decay”) of abandoned croplands through time, modeled from subsets based on
common endpoints, developed in order to make fair comparisons across cohorts. Observations
are shown as points, and model decay trends are shown as dashed lines. Mean decay trajectories
(shown in red) are calculated across selections of our data subset to four common endpoints (10,
15, 20, and 25 years in columns left to right) at each site, and the full dataset is shown in the
rightmost column for comparison (corresponding to Fig. 6). These site mean decay trends were
used to calculate the endpoint half-lives shown in Figs. 7 and S17. This figure shows our first
five sites; the final six sites are shown in Fig. S27.
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Companion figure to Fig. S26. Refer to associated caption to Fig. S26 above.
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Diagnostic plots for our final linear model of the recultivation (“decay’’) of abandonment across
sites. These models take the form shown in Equation (S2), and are shown in Fig. 6.
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Residuals vs. fitted values (left) and QQ (right) diagnostic plots, for a simple 1m call
corresponding to Eq. (S3), in which the half-life (i.e., the time required for 50% of a given cohort
of abandoned cropland to be recultivated) is modeled as a function of the year of initial
abandonment at each site.



Section S4. Supplementary Tables

Table S1.

Observed area abandoned (Mha) as of 2017, potential area abandoned by 2017 (Mha) assuming
no recultivation, the percent difference between observed and potential abandonment, and
observed abandonment as of 2017 as a percent of the total cropland extent (i.e., the area of all
lands that were cultivated at some point during the time series). This table replicates Figure S2.
Note that sites are shown in descending order of area abandoned as of 2017 as a proportion of
total cropland extent.

Site  Observed  Potential Percent (%)  Observed area as

area (ha) area (ha) difference from percent of total

potential cropland extent

Bosnia & Herzegovina 729,061 913,573 -20.2% 47.45%

Vitebsk, Belarus /955,002 1,417,764 -32.64% 41.12%
Smolensk, Russia

Shaanxi/Shanxi, China 323,741 372,666 -13.13% 38.11%

Chongging, China 440,088 591,493 -25.6% 36.78%

Iraq 388,234 579,324 -32.99% 35.45%

Goias, Brazil 581,661 824,865 -29.48% 28.54%

Volgograd, Russia 855,385 1,399,165 -38.86% 25.4%

Orenburg, Russia / 945,349 1,486,317 -36.4% 24.59%
Uralsk, Kazakhstan

Nebraska/Wyoming, 384,956 549,808 -29.98% 22.8%
USA

Wisconsin, USA 445,963 603,201 -26.07% 20.8%

Mato Grosso, Brazil 11,277 25,273 -55.38% 0.59%

Total Across Sites 6,060,717 8,763,449 -30.84% 27.55%




Table S2.

Summary statistics describing the duration of abandonment (in years) at our eleven sites between
1987 and 2017, using a five-year abandonment definition, and incorporating all periods of
abandonment (allowing for multiple per pixel).

Site Mean Median Standard

Deviation

Vitebsk, Belarus / Smolensk, 13.85 12.00 7.56
Russia

Bosnia & Herzegovina  17.57 18.00 8.30

Chongging, China  12.86 11.00 7.19

Goids, Brazil  13.68 12.00 7.39

Iraq 15.79 13.00 8.80

Mato Grosso, Brazil 14.21 11.00 8.83

Nebraska/Wyoming, USA  14.61 13.00 7.81

Orenburg, Russia / Uralsk, 12.86 11.00 6.93
Kazakhstan

Shaanxi/Shanxi, China  12.93 11.00 7.11

Volgograd, Russia  13.32 12.00 6.99

Wisconsin, USA  14.74 13.00 7.69

Mean across site 14.22 12.45 7.69
summary statistics:

Standard deviation across 1.44 2.02 0.68

site summary statistics:




Table S3.

Summary statistics describing the duration of potential abandonment (in years) for our scenario
without recultivation, at our eleven sites between 1987 and 2017, using a five-year abandonment
definition, and incorporating all periods of abandonment (allowing for multiple per pixel).

Site Mean Median Standard

Deviation

Vitebsk, Belarus / Smolensk, 19.91 21.00 7.13
Russia

Bosnia & Herzegovina  21.32 23.00 7.01

Chongqing, China  18.15 19.00 7.75

Goias, Brazil  18.50 18.00 7.50

Iraq  21.58 24.00 7.66

Mato Grosso, Brazil — 23.42 27.00 7.41

Nebraska/Wyoming, USA  19.44 20.00 7.61

Orenburg, Russia / Uralsk, 17.16 16.00 7.13
Kazakhstan

Shaanxi/Shanxi, China  15.70 14.00 7.94

Volgograd, Russia  18.13 18.00 6.52

Wisconsin, USA  19.20 20.00 7.13

Mean across site 19.32 20.00 7.34
summary statistics:

Standard deviation across 2.18 3.69 0.41

site summary statistics:




Table S4.

Summary statistics describing the duration of recultivation (in years) following qualifying
periods of abandonment, at our eleven sites between 1987 and 2017, using a five-year
abandonment definition and a one-year recultivation definition, and incorporating all periods of
abandonment (allowing for multiple per pixel).

Site Mean Median Standard

Deviation

Vitebsk, Belarus / Smolensk,  6.27 4.00 5.55
Russia

Bosnia & Herzegovina  4.34 3.00 3.89

Chongqging, China  4.76 3.00 4.27

Goias, Brazil  6.30 4.00 5.51

Iraq  6.56 4.00 5.61

Mato Grosso, Brazil 16.25 18.00 6.83

Nebraska/Wyoming, USA  5.51 3.00 5.32

Orenburg, Russia / Uralsk,  4.50 3.00 4.19
Kazakhstan

Shaanxi/Shanxi, China  6.02 4.00 5.18

Volgograd, Russia  4.88 3.00 4.13

Wisconsin, USA  6.08 4.00 5.37

Mean across site  6.50 4.82 5.08
summary statistics:

Standard deviation across 3.33 4.40 0.88

site summary statistics:




Table S5.

Estimated carbon sequestration in observed and potential area abandoned by 2017, reported in
terms of Mg C, as the percent difference between observed and potential accumulation, and as
Mg C per ha.

Site Carbon Carbon Carbon (% Mg C per Mg C per

(Mg C, (Mg C, diff. from ha, ha,

observed)  potential) potential)  observed  potential

Orenburg, Russia / 1,408,615 2,441,480 -42.3% 1.49 1.64
Uralsk, Kazakhstan

Volgograd, Russia 1,992,475 3,600,480 -44.66% 2.33 2.57

Nebraska/Wyoming, 978,183 1,585,435 -38.3% 2.54 2.88
USA

Iraq 1,033,200 1,706,143 -39.44% 2.66 2.95

Shaanxi/Shanxi, China 1,111,329 1,597,280 -30.42% 3.43 4.29

Goias, Brazil 5,540,867 9,219,905 -39.9% 9.53 11.18

Wisconsin, USA 12,649,527 18,790,418 -32.68% 28.36 31.15

Vitebsk, Belarus /32,409,304 54,893,670 -40.96% 33.94 38.72
Smolensk, Russia

Bosnia & Herzegovina 31,352,027 40,839,454 -23.23% 43.00 44.70

Chongqging, China 20,810,701 34,182,793 -39.12% 47.29 57.79

Mato Grosso, Brazil 548,729 1,127,313 -51.32% 48.66 44.61

Total Across Sites 109,834,956 169,984,370 -35.39% 18.12 19.40




Table S6.
Cropland abandonment (in Mha) as of 2017 as identified using a) our annual time series and a

five-year abandonment definition and b) a two-year method taking the difference between land
cover in 1987 and 2017.

Site Area  Area (two Percent % Jaccard Percent

(annual, as year: from  Similarity Area <5

of 2017)  2017-1987) annual Years Old

area (two year)

Goiéas, Brazil 581,661 319,499 -45.07% 0.29 24.01%

Chongqing, China 440,088 273,839 -37.78% 0.38 26.78%

Vitebsk, Belarus / 955,002 655,689 -31.34% 0.50 16.83%
Smolensk, Russia

Nebraska/Wyoming, 384,956 274,133 -28.79% 0.48 16.69%
USA

Bosnia & Herzegovina 729,061 569,091 -21.94% 0.63 10.36%

Wisconsin, USA 445,963 358,420 -19.63% 0.45 28.57%

Iraq 388,234 348,152 -10.32% 0.55 22.92%

Volgograd, Russia 855,385 857,989 0.3% 0.46 33.35%

Orenburg, Russia / 945,349 975,131 3.15% 0.52 28.92%
Uralsk, Kazakhstan

Shaanxi/Shanxi, China 323,741 355,581 9.83% 0.51 28.3%

Mato Grosso, Brazil 11,277 16,507 46.38% 0.29 0.69%
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