1. ABSTRACT

The U.S. Envir onmental Protection Agency (EPA) and the Instituto del Medio Ambiente y el Desarrollo Sustentabledel Estadode
Sonora(IMADES) have initiated a regionalapproachto asses®cologicalrisk relative to exposure to envir onmental stressorsunder
the interagency Semi-Arid Land-Surface-Atmosphere (SALSA) program. SALSA is a collaborative reseach effort composedof
inter national scientistscommitted to the study of land degradation processe#n semi-arid areasusing advancedspace-basedech-
nologies.The project areais the Upper San Pedro River basin, an international watershed,which is part of the Lower Colorado
River system.A key componentof the SALSA framework enlistslandscapeecologyas a theoretical basisfr om which to assess
cumulative exposue to stressat multiple spatial and temporal scalesThis project hasfocusedits reseach into developing a system
of landscapecompositionand pattern indicators that can be usedto estimatecurr ent status, trend, and changesin ecologicaland
hydrological condition. Specifcally, it is designedto determine ecosystemvulnerability relative to large-scalenatural or man-
induced disturbancesusing a systemof landscapepattern metrics derived from remotesensing,spatial statistics,and geographic
information systemstechnology The project usesthe databasefrom the North American LandscapeCharacterization project,
which incorporatestriplicate Landsat Multi-Spectral Scanner(MSS)imagery from the early 1970s,mid 1980s,and early 1990s,
which have beenremappedand projectedto UTM coordinateswith 60-m pixels. It also utilizes 1997 Landsat Thematic Mapper
(TM) imagery which hasbeenresampledand mapped at 60-m resolutionfor comparison.

Little quantitati ve information on a regional or watershedscaleis available about the statusof land degradation for rangelands
suchasthosethat occur in the SanPedro watershed,yet theserepresentthe most extensie land usetype in the world's drylands.
Nearly 85% of the North American rangelandsare estimatedto be in degradedcondition; more than any other continent in the
world. Landscapecomposition, connectvity, patch sizeand patch number were usedto evaluate ecosystentesilienceand changes
in land cover extentover an approximate 25-year period in the SanPedro River basin.

While primary anthropogenicstressorsin the project areainclude urbanization and livestockgrazing, they differ in their magni-
tude and distrib ution thr oughout the watershed.Preliminary evaluation of composition, patch size,patch number, and connectvity
landscapemetrics suggestthat thesemetrics may be useful in evaluating ecosystenresilienceand changesin land cover extent. The
preliminary resultsof this project are presentedto 1) illustrate both the indicator and changedetectionstrategy and 2) demonstrate
the potential application of the approachfor developing a regionalor watershedprogram for systematicassessmenof ecological
condition, especiallyin regard to land degradationin arid and semi-arid regionsof the United Statesand Mexico.
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2. RANGELAND STATUS AND TREND

Land managersin the Southwesthave traditionally beeninterestedin statusand trendin ervir on-
mental conditions. The principal degradation processeshat have occurred thr oughout the westem
rangelandsinvolves 1) changesof vegetative cover, i.e. decreasein above ground biomassand com- e /
positional diversity, which resultin the intr oduction of exotic annual speciesor woody xerophytic camorts ——

shrubs and trees,and 2) accelerationof water and wind erosion processesvhich resultin soil loss / °

and decreasewater infiltration and storagepotential. Historically, thesehave beenlink ed to both Fachuca s
human-inducedand natural stressorsij.e. livestockgrazing and short-term drought. However,
within the last 25 years, rapid urbanization in the arid and semi-arid Southwesthasbecomean
important anthropogenicfactor in altering land cover compositionand pattern. Differencesin
rangeland trend are depictedin the seriesof repeatphotographsfor the SanPedro River basin
near Lewis Springs and St. David.
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3. SITE MAPS -

Upper San Pedro Watershed (Arizona/Sonora)
The Upper SanPedro Watershedrepresentsa transition areabetweenthe Sonoranand Chihuahuan
Desets and is internationally renawn for its biodiversity. It supports the secondhighestland mam-
mal diversity in the world and provides habitat for aimost400bird speciesThe riparian zonehas
beenacquired by the U.S. Department of the Interior and hasbeenassignedspecialland statusas
a National Consewation Area. Topography, climate, and vegetationvary acrossthe water-
shed.Elevation rangesfrom 900- 2,900m and annual rainfall rangesfrom 300to 750 mm.
Biome typesinclude desetscrub, grasslands,oak woodland-savzannah, mesquitewoodland,
riparian forest,coniferousforest,and agricultur e. The upper watershedencompassean area
of approximately 7,600km? (5,800km? in Arizona and 1,800km? in Sonora, Mexico).

4. LAND COVER

In this project, land cover hasbeenderived from Landsat
Multi-Spectral Scannerand Thematic Mapper imagery (5
June 1973,10 June 1986,2 June 1992,8 June 1997)and
sampledat 60m pixel resolution.Land cover hasbeenclas
sified into the Brown, Lowe, and Pase(BLP) Biotic
Communities Classification Systemfor North America
(1979).All vegetationhasbeenclassedto the Formation
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5. LAND COVER
TRANSITION

Preliminary resultsindicate
that extensie grasslandand
desetscrub areaswith high
connectiity are the mostvul-
nerable biome type to
encroachmentof woody shrubs
(mesquite).During the period
of study, grasslandsand
desetscrub decreasedby
approximately 16% and 22%,
respectvely, on a relative basis.
Xerophytic cover types,i.e.
mesquitewoodland, increased
in overall extentby 389%. In
1997,grasslandsremainedthe
most extensie land cover type
within the study area, however,
human-dominated activity has
resultedin major increasesn
anthropogeniccover during
the last 25 years.
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USDA, Agricultural Research Service, 2000 E. Allen Road, Tucson, Arizona 85719, USA Largest 126,258.12 | 53,173.08 |-57.89 |201,165.48 | 37,360.8 -81.43 |461.52 3,573.72 +674.34 |982.08 4,938.12 |+402.82
Patch (ha)
Ave Patch 6.18 4.54 -26.54 113 5.76 -49.03 1.34 1.91 +42.54 7.86 5.55 -29.39
Size
Connectivity |0.62 0.56 -9.68 0.66 0.55 -16.67 |0.31 0.37 +19.35 0.74 0.69 -6.76
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7. LANDSCAPE CHANGE STATISTICS

Grasslandsand desetscrub not only decreasedin total extentduring the study peri-
od but alsobecamemore fragmented, i.e. the number of grasslandand desetscrub
patchesincreasedby approximately 15% and 52%, respectvely, and the average
grasslandand desetscrub patch sizesdecreased27% and 49%, respectvely. These
two dominant cover typesnot only dramatically changedin patch sizemetrics but
they eachbecamelessconnectedover time. In stark contrast, mesquitewoodland
increasedin connectiity by 19% and the average patch sizeand number of patches
increasedapproximately 43% and 243%, respectiely.

Condition

Grassland Desertscrub Mesquite Woodland Urban

Avea (ha) 313,614.00 | 263,979.00 |-15.83 |296,626.68 | 230,164.56 | -22.41 |20,819.88 |101,837.88 [+389.14 |3,286.44 |16,705.44 | +408.31

% Cover 41.40 34.85 1583 |39.16 30.39 2241 |2.75 13.44

+389.14 [0.43 2.21 +408.31
#of Paiches |50,715 58,142 +14.64 26,260 39,991 +52.29 15558  |53,310 +242.65 |418 3,010 +620.10
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8. CONCLUSION

The presentexploratory study waslimited to the application of somesimple landscapepattern metrics to demonstratechangedetection methodologyand landscapeindicator
developmentto assessvatershedvulnerability in a semi-arid envir onment. The landscapeanalysiscan be enhancedto accomodatemore complexdiagnostic statisticsand can
be applied to more detailed land cover mapswith finer grain (suchasthosederived from SPOT satellite imagery or fine-scaleaerial photography) and greater classifcation
detail. Application of landscapepattern analysisderived from classifed remoteimagery, e.g Landsat-MSSand Landsat-TM, providesan important new approachfor envi-
ronmental managersand policy-makers to measure and asses&nvir onmental condition and tr end at many scales(site, watershed,region, nation). The processdemonstratesa
simple procedure to characterize biological systemsthat are at potential risk from exposure to one or more stressors Landscapeanalysiscan evaluate envir onmental prob-
lemsat multiple scalesand can provide interpretive assessmentfor ecological,hydrological, and selectedmanagementor administrati ve areas.This approachintegrates envi-
ronmental information acrossall land cover typesand providesan important new tool in which to evaluate land managementand ecologicalchangeover time.

Seehttp://www .epa.go v/crdlvweb/land-sci/san-pedr o.htm for more information.



