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eply to Skutsch et al.

Skutsch et al. criticized the results of our recently published
rticle, which explores the relationship between land change and
and tenure in Mexico (Bonilla-Moheno et al., 2013). Specifically,
hey question our methodology and consequently the conclusions,
hich they argue are biased for the following reasons:

“(a) the use of MODIS Enhanced Vegetation Index (EVI) data
o measure deforestation, because the spatial resolution of this
magery (pixel size around 250 m,  or 6.25 ha) does not permit a good
stimation and much deforestation would go undetected at this
cale, for example small scale clearances associated with unsus-
ainable shifting cultivation and clearance for grazing, and;

(b) inclusion in the sample of only those municipalities which
ave >80% of their productive land under a given tenure type”.

Below we take the opportunity to explain why their interpreta-
ions of our analyses are misrepresented and erroneous.

se of MODIS to quantify deforestation and forest recovery

At a technical level, Skutsch et al. have misrepresented the
ethodology we used for creating the land cover classification.

irst, they state: “Statistics from [MODIS] EVI are used to carry out a
er-pixel land cover classification.” Although the resolution of our
apping was indeed at nominal 250-m resolution, our classifica-

ion analysis was not based solely on MODIS Enhanced Vegetation
ndex (EVI) data. As explained in our methods, and described in

ore detail in Clark et al. (2012), pixel-level classification was based
n 120 variables derived from the MOD13Q1 MODIS satellite image
roduct. These variables included: mean, standard deviation, min-

mum, maximum and range for EVI, red, NIR and MIR  values for
hree 4-month periods, two 6-month periods, and one 12-month
eriod for each calendar year between from 2001 to 2010. Second,
hey state: “The use of regression over multiple readings in any
ne year neatly deals with the fact that changes in the area clas-
ified as woody vegetation could reflect variation in phenology”.
his is inaccurate, as we do not conduct within year regressions.
nstead, we perform for each municipality a linear regression of
nnual area of woody vegetation over 10 years of data, which is a
nique contribution to the study of land change science.

Skutsch et al. also criticize our use of MODIS for detecting land
se change, suggesting that medium spatial resolution imagery
e.g., SPOT or Landsat) would be more appropriate.

In principle we agree, and as co-authors state in Clark et al.
2012), “we do not advocate MODIS-based mapping as a substitute
or finer-scale data analysis, which should produce better area
stimates.” Landsat and SPOT imagery does offer finer spatial
esolution, but lack of temporal resolution means that images

vailable without clouds often come from different seasons,
here vegetation is in varying phenological states, complicating

utomated land-cover classification and change detection. SPOT
s prohibitively expensive for a national mapping effort, while a

264-8377/$ – see front matter © 2013 Elsevier Ltd. All rights reserved.
ttp://dx.doi.org/10.1016/j.landusepol.2013.11.012
decade of the Landsat archive has imagery with scan-line problems
that cause large data gaps.

In practice, we have created an analytical sequence that is
robust, comparable with detailed Landsat analyses, and most
importantly is “wall-to-wall” in its spatial coverage using truly
consistent image and reference datasets in space and time. An
important component of our analytical sequence is the collection
of training and validation data based on high-resolution images in
GoogleEarth. This was done using web-based tool (Clark and Aide,
2011) that associated the land cover of more than 6000 MODIS
pixels across the entire country of Mexico and across over 10 years.
Another advantage of our analytical sequence is that MOD13Q1
product provides nearly two dozen16-day composite images per
year. This greatly increases the number of cloud-free images, which
as we  previously stated is a major limitation when using Landsat
images. Finally, by using the 10 years of estimates of woody vege-
tation cover in each municipality to determine the strength of the
trend, we have developed a methodology that has been critically
reviewed and accepted in a wide array of peer-reviewed journals,
including those in high-impact remote sensing journals (Clark
et al., 2010, 2012; Redo et al., 2012a,b, 2013; Sánchez-Cuervo et al.,
2012; Aide et al., 2013; Álvarez-Berríos et al., 2013). Although not
for Mexico, we compared change in forest area derived from our
MODIS-based methodology with one of the most detailed analysis
of forest change that exists in Latin America, the PRODES dataset
for the Brazilian Legal Amazon, which used consistent processing
of wall-to-wall Landsat imagery using semi-automated methods
and found a significant correlation between the area of change
estimated by the two datasets (Clark et al., 2012). One could argue
that our approach was more complete because it included more
municipalities than would otherwise be included in Landsat data
owing to problems of cloud cover in the Amazon. Certainly, Landsat
or SPOT classifications currently provide important land-cover
change information for local studies, and new analytical and data
processing techniques have the potential to produce consistent
and wall-to-wall regional to global-scale data (i.e., Hansen et al.,
2014), but we  believe our approach is useful to highlight areas of
significant change and assess broad-scale trends in a quick and
consistent manner as MODIS maps were consistently produced
through time and space.

Skutsch et al. critique focuses heavily on discrepancies in defor-
estation observed between our results (from this and the parallel
paper they cite Bonilla-Moheno et al., 2012) and other studies in
Mexico. Four important points must be made: first, our results by no
means suggest that there is no deforestation happening in Mexico,
nor do we  imply that. A central issue that needs to be emphasized
when comparing forest change from other studies to our data is
that our analysis focused on trends in “woody vegetation” change
over 10 years. Our pixel-based classification included eight cover

classes; the woody class included areas with over 80% trees and
shrubs and excluded plantations, while the mixed woody class
included areas with 20–80% woody vegetation and herbaceous,
agriculture or bare ground as a background. Although we used

dx.doi.org/10.1016/j.landusepol.2013.11.012
http://www.sciencedirect.com/science/journal/02648377
http://www.elsevier.com/locate/landusepol
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Reply to Skutsch et al. / Lan

he terms “deforestation” and “forest recovery” when describing
hange, we were clear throughout our paper that we  were describ-
ng decreases or increases in “woody vegetation.” In this sense, land
over changes are not limited to transitions from closed canopy to
xtensively deforested areas, but also include subtle changes like
oody encroachment that goes from less woody to more woody

over. Second, the results cited as contrary to ours come from
tudies focused on different time periods or spatial scales. None
f the studies were conducted for the time period 2001–2010 for
ll of Mexico. In fact, most of the cited studies rely on the same
ata (INEGI vegetation map  series). Furthermore, we reported the
ame vegetation trends as some of the cited studies – Kolb and
alicia (2011) and Couturier et al., 2012 – for the comparable study

egions. Third, we recognize the limitations of our data, but we
uestion the accuracy of finer-scale change analyses that perform a
er-pixel comparison of two to three dates of land-cover maps. As
oted by Colditz et al. (2013), comparing two dates of INEGI maps

or quantifying land change in Mexico can be problematic “due to
nconsistencies in thematic class definition, spatial misalignment
f polygons, differing mapping sources, and generalization to a
cale of 1:250,000.” As we mentioned, although our data are from
oarser spatial resolution, they are consistently produced in space
nd time and quantified change (both loss and gain) based on linear
odels fit to ten years of area data aggregated over a large analytical

nit (i.e., municipality). Finally, an important factor not questioned
y Skutsch and colleagues, but which could explain some of the
ifferences among results, was the increase in woody vegetation
e.g., shrub expansion) in the desert biome, a process that has been
escribed for similar regions in south of the United States (e.g.,
riggs et al., 2002, 2005, 2007). This increase is likely to be a com-
lex interaction between regional climate and land abandonment.

he effects of tenure

A major concern of Skutsch et al. in this component of the arti-
le was that we restricted the analyses to municipalities where land
enure was dominated (>80%) by a single land tenure group (com-

unal, ejido, or private). This filter ensured that we  had a clear
treatment effect,” but it reduced the samples size (i.e., number of
unicipalities) from 2443 to 965. Although an analysis that com-

ared land change among the different land tenure classes within
ach municipality would have been optimal, the data for this level
f analyses were not available. Even with these limitations, the
nalyses of land change and land tenure in 965 municipalities in
exico is unprecedented. A second concern of Skutsch et al., which
e noted in our article, was that land tenure classes were not uni-

ormly distributed across biomes. This is precisely why, in an effort
o not over generalize, we compared land change within each biome
Fig. 2 in Bonilla-Moheno et al., 2013).

Finally, we agree that the relationship between land cover
hange and land tenure is complex, and that scale plays an impor-
ant role in the interpretation of results. After a thorough review
f our methodology, analyses, results and interpretations, we
ontinue to stand by our study. Nonetheless, we appreciate the
omments brought forth by Skutsch et al. and believe more studies
re needed at all spatial scales to better understand land change
rivers. We  hope this exchange will motivate the continued search
or better understanding. .
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