
269

VOLUME 88    NUMBER 26    26 JUNE 2007

A Synthesis and Assessment of the Arctic Carbon Cycle, Pg. 270
About AGU: Fellows Celebrated at Joint Assembly, Pgs. 272-273

The conversion of natural land cover into 

human-dominated cover types continues to 

be a change of global proportions with many 

unknown environmental consequences. 

Noteworthy conversions of this type include 

tree stand harvests in forested regions, urban-

ization, and agricultural intensifi cation in for-

mer woodland and natural grassland areas. 

Determining where, when, and why natural 

ecosystem conversions occur is a crucial sci-

entifi c concern [Foley et al., 2005]. Charac-

teristics of the land cover can have important 

impacts on local climate, radiation balance, 

biogeochemistry, hydrology, and the diversity 

and abundance of terrestrial species [Rander-

son et al., 2006]. Consequently, understand-

ing trends in land cover conversion at local 

scales is a requirement for making useful 

numerical predictions about other regional 

and global changes. It is urgent that accu-

rate, timely, and economical tools be made 

available to document these conversions 

and aid in the management of their impacts.

Land cover alterations can be assessed 

by comparing imagery taken at different 

dates over the same locations. The launch of 

NASA’s Terra satellite platform in 1999 with 

the Moderate Resolution Imaging Spectro-

radiometer (MODIS) instrument on board 

has enabled the collection of daily images of 

the entire Earth land surface, with promising 

implications for land cover change research. 

Operational MODIS algorithms have been 

used to generate the Enhanced Vegetation 

Index (EVI) at 250-meter spatial resolution 

from 2000 to the present [Huete et al., 2002]. 

EVI is a spectral measure of the amount of 

vegetation present on the ground, whereby 

the vegetation properties in red and near-

infrared spectral bands are designed to 

approximate vegetation biophysical proper-

ties derived from canopy radiative transfer 

theory. Global MODIS EVI data sets are avail-

able free of charge from NASA-supported 

data centers (http://earthobservatory.nasa.

gov/Observatory/Datasets/evi.modis.html). 

Regions experiencing rapid population 

growth and changing economic activities, 

such as California, are logical places to eval-

uate the MODIS time series for characteriz-

ing land cover changes. The population of 

California increased by 75% between 1970 

and 2005, resulting in rapid and extensive 

urbanization and loss of natural cover types 

[Beck and Kolankiewicz, 2001]. For exam-

ple, of all land urbanized in 42 of the state’s 

58 counties between 1984 and 1990, an esti-

mated 13% occurred on irrigated prime 

farmland, whereas 48% occurred on wild-

lands or fallow marginal farmlands [Char-

bonneau and Kondolf, 1993]. 

Clustering MODIS Data for Land Cover

The complete MODIS 250-meter resolution 

time series of EVI data (2001–2005) covering 

the majority of California were obtained to 

assess the usefulness of this satellite imagery 

for land cover change detection. Quality con-

trol fi lter methods were applied to the MODIS 

250-meter EVI data set used in this analysis. 

This EVI usefulness index is a high-resolu-

tion quality indicator whose value for a pixel 

within a MODIS image is determined from 

several conditions: aerosol quantity, atmo-

spheric correction conditions, cloud cover, 

shadow, and Sun-target-viewing geometry. 

A specifi c score is assigned to each condi-

tion, and a sum of all the scores gives a 

usefulness index value for the pixel. For the 

present analysis, if the two leading MODIS 

quality indicator scores were reported as 

equal to 0, then the data were considered 

good quality and included in our regional 

analysis. About 80% of the EVI values in this 

California data set were found to have indi-

cator scores equal to 0.

MODIS EVI time series examined over 

individual January–December yearly peri-

ods showed that natural vegetation cover 

in California has a characteristic seasonal 

profi le of greenness levels that is infl uenced 

strongly by precipitation and temperature 

variations over an annual cycle [Potter 

et al., 2005]. A large portion of the state’s 

forested land cover reaches maximum 

greenness levels (EVI
max

) during the period 

of June–August when temperature is highest, 

whereas rangelands and mixed grassland-

woodland areas reach maximum EVI levels 

earlier in the calendar year, typically during 

the period of January–April when rainfall 

is highest. As regional examples, April was 

most commonly identifi ed as EVI
max

 in the 

Sacramento and San Joaquin Valleys and 

the Sierra Nevada Foothills, whereas June 

was most commonly identifi ed as EVI
max

 in the 

Sierra Nevada mountain range and the Coast 

Redwood forest belt (Major Land Resource 

Areas; source, U.S. Geological Survey).

Large contiguous areas of the state were 

found to display temporally consistent tim-

ings of annual green-up and green-down 

cycles in the EVI profi les. Time series clus-

ter analysis by K-means [Jain and Dubes, 

1988] of the 250-meter EVI time series was 

carried out to produce a minimum number 

of distinct centroids—in this case, fi ve cen-

troids or center points in the multidimen-

sional data space—that could be character-

ized uniquely according to the EVI
max

 level 

during a year (i.e., maximum green biomass 

density) and the variability of EVI
max

 from 

one year to another (Figure 1a). An exam-

ple of this temporal EVI cluster analysis for 

the San Francisco Bay area of the state is 

shown in Figure 1b. This type of time series 

land cover map represents a new mapping 
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Fig. 1. (a) Moderate Resolution Imaging Spectroradiometer (MODIS) Enhanced Vegetation Index 
(EVI) time series separated as K-mean cluster centroids. Attributes of biomass density and inter-
annual variability are defined as follows, with a corresponding land cover type assigned: Cluster 1 
is high seasonal biomass density, moderate interannual variability (shrub cover). Cluster 2 is 
moderate annual biomass density, moderate interannual variability (grass cover). Cluster 3 is 
high annual biomass density, low interannual variability (evergreen tree cover). Cluster 4 is low 
annual biomass density, low interannual variability (urbanized cover). Cluster 5 is high seasonal 
biomass density, high interannual variability (agricultural cover). (b) Map of MODIS EVI time 
series clusters for the San Francisco Bay area, defined by the centroid lines and corresponding 
colors from Figure 1a. 
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approach to understanding how ecosystems 

within a region differ from one another in 

terms of green cover variations during a year.

Detecting Land Cover Changes

Annual cycles of vegetation greenness can 

be characterized further by examining the 

changes in seasonal amplitude of EVI during 

a year. This attribute was computed as the 

EVI difference (EVI
diff

), which is defi ned as 

the difference between the maximum 

(EVI
max

) and minimum (EVI
min

) greenness 

values measured over each of the single cal-

endar years that compose the entire 2001–

2005 time series available to date. By identify-

ing areas where both the annual EVI
diff

 and 

the EVI
max

 values changed continuously over 

the MODIS time series, locations of potential 

land cover change could be extracted from 

the statewide data set.

Over the entire period 2001–2005, locations 

that showed continuous 3-year decreases 

in both the EVI
diff

 and the EVI
max

 made up 

more than 5170 square kilometers within the 

MODIS image area (Figure 2). These loca-

tions were distributed across land cover 

types [U.S. Geological Survey, 1999] cat-

egorized mainly as forest (46%), followed 

by shrublands (29%) and herbaceous cover 

(7%). Forest and shrubland areas together 

remained the predominant land cover types 

over which most of the locations (60–70%) 

of continuous decreases in both the EVI
diff

 

and the EVI
max

 were detected, regardless of 

which 3- or 4-year subperiod of the 2001–

2005 MODIS time series was extracted for 

analysis. In contrast, locations that showed 

continuous increases in both the EVI
diff

 and 

the EVI
max

 made up only 366 square kilo-

meters within the MODIS image area ana-

lyzed for this study. 

More detailed examination of localized 

land use change records at locations where 

EVI
diff

 and EVI
max

 both decreased over 

the MODIS time series was conducted by 

visual analysis of high-resolution satellite 

images available, for example, in Google 

Earth. The 50 largest contiguous areas of 

concurrent EVI
diff

 and EVI
max

 decrease (as 

mapped in Figure 2) were examined for 

independent visual evidence of disturbance 

in the land cover. In 15 of these 50 cases, 

the satellite imagery at spatial resolution of 

less than 10 meters revealed a recent area 

burned by wildfi re. In another seven cases, 

the satellite imagery revealed extensive cut-

ting of the forested land cover. An example 

of what appears to be extensive forest har-

vest is shown in high-resolution imagery as 

a patchwork of land cover types near Lower 

Bear River Reservoir in Amador County, 

Calif. (Figure 3). Extensive forest cutting 

patterns similar in appearance to Figure 3 

were readily identifi ed from areas of con-

current EVI
diff

 and EVI
max

 decrease loca-

tions (Figure 2) in Mendocino, Butte, and 

Pulmas counties.

Land use change records in California 

counties with the highest rates of farmland 

conversion and urban development were 

also compared with changes in EVI
diff

 and 

EVI
max

 over the MODIS time series. These 

records include the state’s Farmland Map-

ping and Monitoring Program (FMMP), 

which produces maps and statistical data 

for use in analyzing impacts of land conver-

sion on California’s natural resources [Cali-

fornia Department of Conservation, 2004]. 

The FMMP covers 45.9 million acres, rep-

resenting 91% of the state’s private agri-

cultural lands. Analysis of FMMP trends 

from 2002 to 2005 in the counties with the 

highest areas of cropland conversion—

Kern, Santa Barbara, Tulare, and Ventura 

counties—revealed that the most com-

mon pattern of change (between 40% 

and 70% of land use change areas) in the 

annual EVI
max

 was an increase followed 

by a decrease and then another year of 

EVI
max

 increase. This comparison sug-

gests that the extensive agricultural land 

conversion that took place in California 

over the past 5 years cannot be detected 

as a permanent loss of vegetation green-

ness in most cases. Instead, even areas 

converted to housing and business devel-

opments tend to increase in greenness 

cover, as observed by MODIS EVI pat-

terns, probably due to seasonal irrigation 

of replanted lots and parklands. 

MODIS observations, such as those 

used in this report for California, cover 

the entire Earth surface, and there are 

many more locations of interest world-

wide for studying land cover from satel-

lites. Areas affected by forest management 

and encroachment of residential develop-

ments into natural vegetation zones should 

be prime locations to apply and further 

study these satellite methods of land cover 

change detection.
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Fig. 2. Map of the locations (in red) where MODIS 250-meter time series showed continuous 
decreases in both EVIdiff and the EVImax over the period 2003–2005. 

Fig. 3. High-resolution satellite image showing cleared patches of land near Lower Bear River 
Reservoir in Amador County, Calif. For scale, the white line at the left center of the image is 250 
meters in length. Rivers and streams are displayed as blue lines. Red circles identify the center 
location of MODIS 250-meter areas where the most recent land cover change as been detected. 
Google Earth imagery © Google Inc. used with permission.
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