United States Land Cover Land Use
Change, Albedo and Radiative Forcing:
Past and Potential Climate Implications
By Christopher Barnes, PhD Candidate, Geographical Information Science
Center of Excellence, South Dakota State University
christopher.barnes@sdstate.edu
And
David Roy, PhD Supervisor, Geographical Information Science Center of
Excellence, South Dakota State University
david.roy@sdstate.edu
This work is supported by NASA Headquarters under the Earth System Science Fellowship Grant 06ESSF06-60

Introduction
The interaction between land cover land use (LCLU) change, albedo, and climate radiative forcing is poorly understood (IPCC
2001) (Figure 1). Studies have been limited due to uncertainties in LCLU change and albedo data (Myhre and Myhre 2003).
Surface albedo affects the earth’s radiative energy balance, by controlling how much incoming solar radiation is absorbed and
reflected by the earth’s surface. This research will use new satellite derived LCLU change and albedo data for the
conterminous U.S. to study the impact of LCLU change from 1970 to 2000 on albedo and surface radiative forcing. Taking
advantage of the spatial LCLU change data sampling strategy, sample level results are scaled up within ecoregions to provide
a U.S. wide quantitative estimate of the impact of contemporary LCLU change on albedo and surface radiative forcing.

This Ph.D. will seek to address (confirm or negate) the following four
hypotheses:
#1: Over the last 20 years LCLU change across the conterminous United
States has lead to a mean net postive albedo increase and a consequent
albedo-related cooling.
#2: Current rates of LCLU change imply future net albedo increases and
associated albedo-related cooling effects.
#3: Observed changes in albedo and radiative forcing due to LCLU change
are greater than those due to inter-annual variability.
#4: There are large regional disparities in LCLU change and so large
regional disparities in albedo change and radiative forcing will modify the
outcomes of hypotheses #1-3 at the regional scale.

Figure 1. Estimated radiative forcings (Wm-2) since preindustrial times (from 1750 to 2000) for the earth and
troposphere system (IPCC, 2001).

Data
Land Cover Land Use Change Data (LCLUC)
Land Cover Land Use Trends information for the conterminous U.S. are currently being generated from
decadal Landsat data at the USGS Center for Earth Resources Observation and Science (EROS). To date,
32 ecoregions have been completed with a schedule of completion by Fall 2009 (Figure 2).

Albedo Data
To prototype the proposed analysis, we used the MODIS Collection 5 BRDF/Albedo product (MCD43A3).
This 16 day product provides both the white and black-sky albedos for MODIS bands 1-7 as well as for
three broadbands (0.3-0.7µm, 0.7-5.0µm, 0.3-5.0µm) (Schaaf et al, 2002).

Preliminary Study Area
Preliminary analysis of these data was undertaken to
develop the Ph.D. research goals, prototype analysis
code, and become familiar with the data formats. The
goal was to establish if the observed LCLU change in
the Southern Coastal Plain ecoregion (Figure 3) from
1973 to 2000 resulted in a net change in the annual
mean surface albedo. A look up table approach,
assuming linear mixing of albedo was used.

Methodology
Step 1:
AML code was written to morphologically erode the boundaries of each LCLU class in each Landsat 100Km2
sample block. The morphological erode operator provided by the Arcinfo “Shrink” command was used to
erode the boundaries by 240m to ensure only Landsat classified areas approximately wider than a MODIS
500m albedo pixel were considered (Figure 4).

Methodology (cont.)
Step 2:
AML code was written to compute for each class in each block the centroid of the largest remaining eroded polygon.
The centroids were converted from Landsat UTM to geographic latitude/ longitude. Note, not all the Landsat blocks
contained all 10 LCLU classes.
Step 3:
Computer code developed by the MODIS Land Science Support Team was used to convert the geographic centroid
coordinates into the MODLAND product sinusoidal coordinate projection (vertical and horizontal tile coordinates, pixel
column and row coordinates).
Step 4:
Computer code developed by the MODIS Land quality assessment team was used to extract the broadband white sky
albedo (0.3-5.0µm) values at the class centroid MODIS pixel locations (Step 3). Values were extracted for every nonfill value from the MODIS 16 day product (produced every 8 days) for all dates after the Landsat block acquisition
date.
Step 5:
Splus code was developed to compute the annual mean albedo and standard deviation for each LCLU class.
Step 6:
Assuming linear mixing of albedo:
Annual regional mean albedo = Σ fractioni albedoi
where fractioni is the areal proportion of LCLU class i , and albedoi is the annual mean
broadband white sky albedo for class i, for the 10 LCLU classes.

[Equation 1]

Preliminary Results
Approximately 24.9% of the Southern Coastal Plain ecoregion changed between 1973 and 2000. (Jellison &
Acevedo, 2006). The leading changes were a net increase in developed land (6.2%) and a net decrease in
forest (-4.2%) (Table 1). The annual MODIS derived broadband white sky mean albedo per LCLU class are
summarized in Table 2. Figure 5 illustrates these values for each LCLU class plotted as a function of day of
year (results from 2000 049 to 2001 193).

Preliminary Results (cont.)

Preliminary Results (cont.)
The mean annual broadband albedo for 1973 and 2000 calculated using Equation [1] were 0.1233
and 0.1232 respectively, and indicate negligible net LCLU related albedo change.
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Figure 6A and Table 2 illustrate that those LCLU classes that experienced a net areal decrease from
1973 to 2000 generally have a low mean annual albedo i.e., forest, wetlands, and agriculture. Figure 6B
illustrates that although the LCLU classes with the highest net albedo increased in area over the
ecoregion from 1973 to 2000, their albedo impact was offset by the decrease in the areal proportions of
the classes with low mean albedos.

Future Work
All USGS completed eastern ecoregions will be processed and used to estimate the 1973 to 2000 LCLU
induced albedo and surface radiative forcing (ΔF), using incoming solar radiation from the European
Center for Medium-Range Weather Forecasts (ECMWF). Upon its availability in late 2007, monthly
AVHRR (0.05o) albedo time series (1980 to 2000) will be used to examine intra and inter-annual albedo
variability, and in conjunction with the decadal USGS Landsat LCLU data used to examine the implications
of permanent and non-permanent LCLU changes.
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