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Abstract
Ecosystem functions provide a range of services vital to human well-being. Remote sensing of
ecosystem functional types provides a framework for monitoring and predicting changes to
ecosystem services at broad scales, frequent time steps and in a spatially continuous manner. In
this research, we seek to understand the spatial distribution and temporal dynamics of
ecosystem functional types at a global scale. We developed a global classification of ecosystem
functional types by clustering nine years of remotely sensed estimates of ecosystem productivity,
with and without topography. Changes occurring within the functional types over nine years
(2003 to 2011) were then analyzed. When topography was excluded, changes were apparent in
the distribution of functional classes (clusters) between 2003 and 2011. Further exploration of
the effects of static versus dynamic variables is one area of recommended research. We also
recommend continued and more detailed monitoring in areas where change was detected to
determine potential effects on ecosystem service provision.

Background and Relevance
Human well-being depends on essential ecosystem services such as water
regulation, food production, and climatic regulation (Millennium Ecosystem
Assessment, 2005). Provision of these services is influenced by the diversity of
functional traits within an ecosystem (de Bello et al., 2010; Díaz et al., 2007; Tilman,
2001). Functional traits include characteristics such as vegetation height, woodiness,
leaf size, root depth, dispersal mode, regeneration mode, photosynthetic rate, and
phenology (Chapin, Bret-Harte, Hobbie, & Zhong, 1996; Díaz et al., 2004). Compared to
other biodiversity measures such as species richness and relative abundance, functional
diversity more directly relates to ecosystem function, process, stability and service
delivery (de Bello et al., 2010; Diaz & Cabido, 2001; Hooper et al., 2005). Monitoring
changes in functional diversity over time is therefore very important. The objective of
this study is to assess global ecosystem function stability over approximately the past
decade. To meet this objective, we map ecosystem functional types using remotely
sensed estimates of total and seasonality of primary productivity and topography, and
assess changes in these functional types between 2003 and 2011.

Methods and Data
Classification of ecosystem functional types used several remotely sensed
measures. Rather than a bottom-up approach based on individually measured plant
functional traits, remotely sensed functional classifications are a top-down approach
using measures expressing the most dominant and most visible functional traits at the
canopy, stand, or ecosystem level (Alcaraz-Segura, Paruelo, Epstein, & Cabello, 2013;
Ustin & Gamon, 2010). The remote sensing approach is useful for estimating ecosystem
function across broad areas in a spatially continuous and repeatable manner, enabling
monitoring of ecosystem function dynamics over time (Ivits, Cherlet, Mehl, & Sommer,
2013; Paruelo, Jobbágy, & Sala, 2001).
Key inputs to the functional type classification were the global FPAR data from
the Moderate Resolution Imaging Spectrometer (MODIS), available annually between
2000 and 2012 at a spatial resolution of 0.05 degrees. FPAR is the Fraction of
Photosynthetically Active Radiation absorbed by the canopy. It is a biophysical variable
that depends on vegetation type and structure and is used in estimating ecosystem
productivity and biogeochemical cycling (Huete, Didan, van Leeuwen, Miura, & Glenn,
2011; Myneni et al., 2002). From these data, we calculated total annual FPAR
(FPARsum), and annual coefficient of variation of FPAR (FPARcv), following examples for
use in biodiversity(Coops, Wulder, Duro, Han, & Berry, 2008) and functional diversity
models (Alcaraz-Segura et al., 2013).
We also tested the utility of topographic data, which may cause fine-scale spatial
heterogeneity in the distribution of functional traits (Díaz et al., 2007; Lavorel &
Garnier, 2002; Lavorel et al., 2011). Topography data was acquired from the Global
Multi-resolution Terrain Elevation Data 2010 (GMTED2010), which primarily uses data
from the Shuttle Radar Topography Mission (SRTM) (Danielson & Gesch, 2011).
Maximum and minimum elevation layers, available at 30 arc seconds spatial resolution,
were coarsened to 0.05 degree spatial resolution to match the resolution of the MODIS
imagery and used to calculate elevation range.
The global ecosystem functional types were created using multivariate clustering
of the annual averages of the input variables for 2003 and 2011, once including, and
once excluding elevation range. For each model run, data from all years were clustered
together to reduce spurious change detection that can result due to the inherent
variability of clustering (Mills et al., 2013; Rinsurongkawong & Eick, 2010). Because the
magnitude and range of values of the input variables are quite different form one
another, the variables were standardized to z-scores prior to clustering. Two-step
clustering in SPSS was chosen because it can handle very large amounts of data as well
as both continuous and categorical data. In two-step clustering, raw data points are first
partitioned into a set of pre-clusters. Then, a hierarchical agglomerative clustering
method consecutively joins the pre-clusters into a smaller number of clusters based on
their distance in feature space (Mooi & Sarstedt, 2011).
Results and Conclusion
We generated a map of 15 ecosystem functional types for 2003 and 2011. The
functional types differentiate between major biomes such as tropical and subtropical

forests, temperate coniferous, broadleaf, and mixed forests, temperate grasslands and
shrublands, boreal forests and tundra. When elevation range was incorporated into the
cluster analysis, no change in the distribution of functional classes was detected between
2003 and 2011. When elevation range was excluded from the analysis, clusters did
change over time, particularly in temperate and Polar Regions.
These findings demonstrate the importance of careful selection of input variables
in cluster analysis (i.e., static versus dynamic) when change detection is the goal. We
recommend more detailed in-situ monitoring in the areas where change was detected in
order to determine the true magnitude of change, and the severity of possible threats to
ecosystem function and the provision of ecosystem services. As the archive of remotely
sensed data increases over time, our quantitative, transparent analysis could be
repeated with relative ease to monitor future changes.
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