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Introduction

The knowledge of landcover types is essential for many applications. Landcover is closely linked to the
surface albedo properties, which determine the partitioning of the solar energy between the surface and
atmosphere. Diverse landcover types have different emissivity that affects the thermal radiative transfer
and longwave radiation budget. Properties of various landcover types also impact in a different way on
hydrological and carbon cycles. Structural properties of landcover influence the turbulent exchange and
dynamics of the boundary layer by modifying the disposition of solar energy into latent and sensible
heat. Land cover type is one of input parameters in the land surface scheme of the GCM models.
Therefore, a good knowledge of landcover types over the Atmospheric Radiation Measurement (ARM)
Program sites would greatly assist the ARM Program community in scientific research aimed at
improving atmospheric radiative transfer, assessing cloud and aerosol radiative forcing, and modeling of
atmospheric circulation and climate.

The only practical way to produce the systematic landcover information over large spatial area is to use
the satellite observations. Satellites observe surface reflectance at several spectral bands. Landcover
classes are characterized by distinct spectral signatures in various spectral bands. This multispectral
information can be effectively used for landcover classification.

Producing landcover map from satellites is not a trivial task due to several reasons. First, there are
frequently no well-defined boundaries between landcover classes “in the spectral space”. Therefore,
different landcover types may reveal similar spectral properties and vice versa. Second, the landcover
legend employed in classification must be compatible with requirements for intended application. For
example, the “cropland” class may suit well for some applications, while for others this information may
be excessively general to be of practical use. In this case more detailed knowledge is required about
specific type of cropland, such as wheat, rye, corn etc. Third, the seasonal variations of surface
properties due to climate, farming activities, natural and human-induced disturbances lead to landcover
changes. An example of this kind is snow cover, harvesting/ploughing, wildfires, urban expansion etc.
Therefore, landcover distribution may be a dynamic object. Landcover and land use changes (LULUC)
is in the focus of International Panel on Climate Change (IPCC) as important component of climate
change science, impact and adaptation research (Highton, 2001).
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Large Scale Landcover Maps

There are several sources of landcover information available from different projects. We analyzed
landcover map distribution over the ARM Southern Great Plains (SGP) area (320N-400N; 920W-
1020W) derived from 4 sources: a) Landsat National Land Cover Data set (NLCD); b) International
Geosphere-Biosphere Programme (IGBP) data archive

(http://edcdaac.usgs.gov/glcc/glec versionl.asp#NorthAmerica); ¢) Global Land Cover 2000 project
(Latifovic et al., 2004; http://www.gvm.jrc.it/glc2000/defaultGLC2000.htm); and d) moderate-resolution
imaging spectroradiometer (MODIS) observations — data product MOD12Q1
(http://edcdaac.usgs.gov/modis/dataproducts.asp, Strahler et al, 1999). The NLCD dataset was compiled
from Landsat Thematic Mapper (TM) satellite imagery at 30-meter spatial resolution and supplemented
by various ancillary data. It was produced as part of a cooperative project between the U.S. Geological
Survey (USGS) and the U.S. Environmental Protection Agency (USEPA)
(http://landcover.usgs.gov/natllandcover.asp). The original NLCD landcover dataset was resampled to
create a landcover map that matched the spatial resolution of the MODIS data at 500 meters. Each
landcover class in the resampled dataset was then converted to its IGBP equivalent following the
approach described by Latifovic et al. (2004).

The landcover maps over the ARM SGP region of 80 latitude x 100 longitude are shown in Figures 1-4.
The statistical distribution of landcover classes is presented in Figure 5. All four maps show similarity
in the spatial distribution on large scales, though detailed comparison demonstrates some important
differences at regional scales. Most differences are related to the distribution of grassland, cropland,
savannas and mixture of crop and natural vegetation. This can be easily understood because of
similarity of these classes from the vegetation structure point of view. Water bodies and urban/built-up
classes are quite consistent between all datasets. For the area in the neighbourhood of the ARM SGP
Central Facility (CF), three maps (NLCD, IGBP, MOD12Q1) indicates cropland landcover type, while
Global Landcover project NC2000 shows predominantly grassland type. Overall comparison of
statistical distribution of the cover types also reveals some additional important distinctions. Some
differences between maps and in statistics are due to differences in landcover legends and possibly due
to differences in the definitions of landcover types (such as savannas, open/closed shrublands). Based
on our experience in landcover survey of the area, the preference would be given to the NLCD map
(Figure 1). Although, more work is required to produce the universal landcover map of better accuracy
and detailed legend.

Local Seasonal Landcover Distribution Around ARM SGP CF

Above data are useful for characterization of large-scale properties. Local application may require more
detailed information with precise characterization of vegetation types and soil properties. The two local
scale landcover datasets produced using ground surveys and high-resolution satellite data from Landsat-
7 ETM are described in this study. They correspond to August, 2002 and May, 2003 (Trishchenko

et al., 2002). The results of May of 2003 were produced as part of the ARM Aerosol Intensive
Observation Period (IOP). The maps were generated at the spatial resolution of 30 meters. They are
available from the ARM IOP archive (http://iop.archive.arm.gov/arm-iop/). Figure 6 presents these two
maps. Figure 6a (August 2002) covers an area of ~10x10km2, Figure 6b (May 2003) covers a larger
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area of ~18x18km2. Figure 7 shows the distribution of landcover types for the two datasets. Landcover
types whose properties do not depend on the time of the year, such as water pixels, water/land mix and
pixels with tree/shrubs show very good consistency. Striking feature of the distribution shown in Figure
7 1s a high degree of reciprocity between wheat and baresoil classes, which reflects the seasonality in the
land use. For this region, wheat serves as the major crop grown by farmers. It occupies approximately
65% of area around the ARM SGP CF. There are some variations in the frequency of occurrence for
other classes, such as corn/milo, pasture/grassland, and wheat stubble/dry grass. They are also
associated with seasonality in farming activities and land use. Some differences are due to change in the
size of the area between two datasets.

Conclusions

Analysis of four large-scale datasets (NLCD, IGBP, MOD12, and NC2000) shows similarity in the
spatial distribution on a large scale, though detailed comparison demonstrates some important
differences in overall statistical distribution of the cover types as well as regional differences.
Preference is given to the NLCD dataset as most accurate and available with better spatial resolution.
Comparison identifies the need for more efforts to improve the accuracy of mapping. Seasonality in
farming activities and trends in land use require systematic efforts on generating regular landcover time
series for different seasons and years.

Detailed landcover maps centered at the ARM SGP CF were derived for two seasons using ground
survey and high-resolution Landsat-7 ETM satellite imagery. These maps were generated at 30m spatial
resolution. They show variability in the state of generic landcover types at various times of the year and
emphasize the need for more detailed description of the state of different landcover types varying
depending on the time of the year.

Generated datasets are available from the Canada Centre for Remote Sensing ftp-site
ftp://ftp.ccrs.nrcan.gc.ca/ad/CCRS _ARM/. Data were also provided to the ARM external archive.

Acknowledgements

This research was supported by the US Department of Energy ARM Program under grants No. DE-
FG02-02ER63351 and DEFG0201ER63166.

References

Houghton, J.T., Y. Ding, D. J. Griggs, M. Noguer, P. J. van der Linden, X., Dai, K. Maskell, and C.A.
Johnson (Eds.), 2001: Climate Change 2001: The Scientific Basis. Contribution of Working Group I to
the Third Assessment Report of the Intergovernmental Panel on Climate Change, Cambridge. University
Press, New York.

Latifovic, R., Z.-L. Zhu, J. Cihlar, C. Giri, and 1. Olthof, 2004: Land cover mapping of North and
Central America — Global Land Cover 2000. Remote Sens. Environ., 90, 116-127.



ftp://ftp.ccrs.nrcan.gc.ca/ad/CCRS_ARM/

Fourteenth ARM Science Team Meeting Proceedings, Albuquerque, New Mexico, March 22-26, 2004

Luo, Y., A.P. Trishchenko, R.Latifovic, Z.Li, 2004: Surface bidirectional reflectance and albedo
properties derived using a landcover based approach with MODIS observations. J. Geophys. Res.
Submitted.

Strahler,A. D. Muchoney,J.Borak,M.Friedl,S.Gopal,LE.Lambin, A.Moody, 1999: MODIS Land Cover
Product. Algorithm Theoretical Basis Document (ATBD). Version 5.0. Available at
http://geography.bu.edu/landcover/userguidelc/. 72pp.

Trishchenko, A. P., Y. Luo, M.Cribb, Z. Li,K. Hamm, 2003: Surface Spectral Albedo IOP at the ARM
SGP site in August 2002: Results, analysis and future plans. Proceedings of the 13™ ARM Science
Team Meeting. 8pp. (http://www.arm.gov/docs/documents/technical/conf 0304/trishchenko-ap.pdf).




Fourteenth ARM Science Team Meeting Proceedings, Albuquerque, New Mexico, March 22-26, 2004

Landcover Map over the ARM-SGP Area from Landsat 500m Aggregation
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Figure 1. Landcover map of the ARM SGP area at 500m spatial resolution produced from Landsat
National Land Cover Data set (NLCD). The NLCD dataset is originally derived from Landsat TM at
30m spatial resolution. It was aggregated to larger pixel size using method of Latifovic et al. (2004) as
described in Luo et al. (2004). Cross (X) marks ARM Central Facility location. Squares I denote
location of ARM Extended Facilities.
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Landcover type in ARM-SGP area from LP DAAC
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Figure 2. Landcover map of the ARM SGP area from the IGBP (LP DAAC) data archive.
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Figure 3. Landcover map of the ARM SGP area from the Global Land Cover 2000 project NC2000.




Fourteenth ARM Science Team Meeting Proceedings, Albuquerque, New Mexico, March 22-26, 2004

Figure 4. Landcover map of the ARM SGP area derived from MODIS observations. MODIS data
product MOD12Q1
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Figure 5. Statistics of landcover classes from 4 sources shown in Figures 1-4.
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Figure 6. Landcover type distribution at high spatial resolution derived from Landsat-7 ETM and
ground survey. a) August 2002; b) May, 2003.

10




Fourteenth ARM Science Team Meeting Proceedings, Albuquerque, New Mexico, March 22-26, 2004

60 4 - May2003
I Aug2002

50 —

40 -

30

Percentage

20 -

Wheat

—
2
@©
=

Water/land mix
Trees/shrubs
Pasture/grassland
corn/milo

Bare soil

Wheat stubbles/dry grass

Figure 7. Comparison of landcover type statistics for the maps shown in Figure 6. Striking feature of
the distributions is reciprocity between wheat class in Spring and bare soil in later Summer, which is
explained by seasonal agricultural practice.

11




	Land Cover Type Distribution Over the ARM SGP Area for Atmos
	Introduction
	Large Scale Landcover Maps
	Local Seasonal Landcover Distribution Around ARM SGP CF
	Conclusions
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


