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ABSTRACT  
 
Three independent methods are used to estimate the extent of turf cover in the 
Chesapeake Bay watershed and data from previous studies is cited to estimate the 
potential environmental management implications of turf grass.  The three methods 
include: 1) a GIS based approach using moderate-resolution satellite derived land cover 
data, 2) pro-rated state turf industry statistics, and 3) coarse-resolution satellite derived 
regression equations.  The methods, which represent different base years from 2000  to 
2005, suggest that turf cover ranges from 2.1 to 3.8 million acres, or 5.3% to 9.5% of 
total Bay watershed area. Approximately 75% of current  turf cover is potentially devoted 
to home lawns.  In Virginia, data indicate that t urf acreage grew faster than population 
or impervious cover in the last three decades with an annual growth rate of 8%. Turf 
cover arguably constitutes the single largest fraction of pervious area in the watershed, 
exceeding the total individual acreage devoted to row crops, pasture, hay/alfalfa or 
freshwater wetlands, respectively.   
 
The potential impacts to the Bay due to turf cover are expressed in terms of annual 
biomass production, nitrogen fertilization, pesticide application, water use, runoff from 
compacted soils, energy use, carbon sequestration, VOC emissions and the cost to 
maintain such a large fraction of watershed area as a grass crop.  Although much more 
needs to be learned about turf management practices in the Bay watershed, initial 
estimates suggests that turf has a strong influence on water quantity and quality in the 
Bay watershed.   
 
Despite the large size of the turf sector in the Bay watershed, it only receives a small 
fraction of the resources, funding and technical assistance devoted to managing other 
nutrient sources, such as agriculture, wastewater, and forestry.  An estimated 6.1 million 
ñturf grass farmersò exist in the watershed who currently spend nearly 5 billion dollars a 
year (including more than $600 million expended alone for fertilizers and chemicals).   
By changing their attitudes and behaviors about what constitutes a green lawn, it may be 
possible to achieve major runoff and nutrient reductions  to the Chesapeake Bay.  
 

INTRODUCTION  
 
Watershed managers are increasingly interested in isolating the land cover components 
of urban land use (turf cover, impervious cover and forest cover) in order to obtain 
better predictions about current and future runoff, pollutant export and stream quality. 
The importance of defining actual land cover  rather than land use to understand 
linkages with the aquatic integrity of streams and the Bay has been emphasized by both 
researchers and watershed managers (Goetz et al, 2003, CWP, 2003 and Schueler et al, 
2009).   
 
While techniques have been developed to accurately estimate impervious and forest 
cover at the watershed scale (Cappiella and Brown 2001, Cappiella et al, 2005, Goetz et 
al, 2004), turf cover is much more difficult to isolate, measure or forecast (Law et al, 
2009 ). The extent of turf cover associated with urban, suburban and exurban land 
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development is poorly understood and land use/ turf cover coefficients do not exist to 
predict current and future turf acreage (Law et al, 2009).  
 
Our poor understanding of the extent of turf is due to the fact that it is interspersed 
with in the broader mosaic of land uses.  In most cases, turf cover is the residual of urban 
and suburban land use, and its extent is a function of lot size, development intensity, 
zoning setbacks and age of development in the zoning categories in which it occurs.  But 
turf cover is also present within non -urban land cover/use categories (e.g., within 
highway right s of way in areas classified as ñtransportationò, within local parks in areas 
classified as ñforestò, or on sod farms in areas considered to be ñcroplandò).  
 
In other cases, turf cover is associated with unique land uses such as golf courses, 
airports, cemeteries, schools, churches, hobby farms and institution s.  Consequently, 
turf cover is hard to detect from satellite imagery, aerial photography or GIS dat abases 
because it is hidden by tree canopy, confused with pasture in exurban areas, or is a small 
micro -feature that is not easy to pickup (e.g., a narrow strip next to sidewalk , highway 
median or commercial buffer , or interspersed with landscaping).  
 
It is also difficult to establish the actual management status of turf cover. While the 
main distinguishing feature of turf is that it is mowed frequently, much less is known 
about the rate of fertilization, irrigation, pesticide application . This paper provides 
initial estimates of turf cover in the Bay watershed and offers some generalized 
projections as to its aggregate environmental impact. While these initial estimates are 
cause for concern, more research and survey data are needed to refine them, and 
undertake more effective turf management efforts. 
 

METHODS  
 
Three independent methods were used to derive estimate of turf cover in the 
Chesapeake Bay watershed for the years 2000 and 2005, as described below.   
 
1. GIS Analysis  of Moderate -resolution Imagery  
 
The first approach was to assess the extent of turf cover within the Bay watershed using 
a GIS and a combination of spatial datasets to characterize the urban and turf 
environment s.  For describing general land cover characteristics (e.g., urban, forest, 
agriculture, recreational grass, etc.), a 30-meter resolution land cover dataset derived 
from Landsat satellite imagery was used representing the year 2001 (Goetz et al., 2004).  
Impervious surface data for the year 2001 (Ibid) derived from Landsat imagery were 
also used.   
 
Because low density and forested residential neighborhoods are not fully represented in 
Landsat derived land cover datasets, the urban extent was modified using a dasymetric 
mapping technique for delineating residential areas based on the population density on 
residential roads (Claggett 2004).  The use of this technique resulted in expanding the 
urban footprint in the Bay watershed by 59% from 4,184 to 6,649 square miles 
compared to the strictly satellite derived land cover map.  In Maryland, the 2001 
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satellite derived land cover map underestimated the extent of urban and structural land 
uses by 38.8% as compared with the 2000 Maryland Land Use dataset developed by the 
Maryland Department of Planning.  The expanded urban footprint based on population 
and road density exhibited a 10.6% overestimate of urban land use for the State.  
 
The modified urban footprint and the impervious surface dataset were used to identify 
pervious urban lands throughout the Bay watershed.  The land cover dataset was used to 
subtract likely forested areas from the extent of pervious urban lands.  Likely forested 
areas are those in which the interior forest canopy, greater than 30m from the forest 
edge, is at least one acre.  The remaining pervious, non-forested, urban lands were 
identified as turf grass.  This estimate was then combined with the extent of 
ñrecreational grassò land cover outside the urban footprint.  Examples of such areas 
include golf -courses, ball fields, and pervious lands surrounding commercial areas and 
airports.   
 
2. Statewide Turf  Gras s Industry Statistics  
 
The second approach was to analyze published statewide turf grass industry reports 
compiled by agricultural statistics offices ( VAASS, 1998, VADACS, 2006,  PAASS, 1990, 
NYASS, 2004, MDASS, 1996 and 2006). Published surveys are available for the four 
largest Bay states (VA, PA, MD and NY) for one to four periods of record. The reports 
document phone and written surveys for 10 to 12 different turf sectors in each state that  
describe the economic importance of the turf  grass industry.  Examples of the sectors 
include: home lawns, highway right of way, parks, schools, sod farms, golf courses, 
municipal land, airports, churches, apartments, cemeteries and commercial land.  
 
An initial estimate of Bay watershed turf cover of 3,000,000 acres was developed by 
Schueler (2001) using PA, VA, and MD surveys for base years 1989, 1994 and 1995.   For 
this study, we utilized turf  grass surveys in MD, VA and NY for the years 2004 and 
2005, and updated the 1989 PA survey assuming a 25% increase in turf over the 15 year 
period.  Statewide estimates were converted to watershed estimates by multiplying them 
by the fraction of the land area in each state within the Bay watershed.  These fractions 
were developed using the 2001 National Land Cover Dataset and excluded inland and 
tidal waters.  No turf  grass data were available for four jurisdictions that collectively 
comprised 17% of the Bay watershed (NY, DE, DC and WV). It was conservatively 
assumed that 5% of their total acreage in the Bay watershed was turf. 
 
Statewide statistics were also adjusted for Maryland, New York and Virginia surveys to 
reflect the relative suburbanization of the fraction of each state in the Bay watershed 
compared to the state as a whole. For example, in Virginia and Maryland turf grass 
estimates were increased by a factor of 1.15 and 1.03 respectively, since their urban areas 
are more concentrated with in the Bay watershed than the State as a whole.  By contrast, 
New York turf  grass data were adjusted by a factor of 0.60 since New Yorkôs urban areas 
are mostly located outside the Bay watershed.   Recent turf  grass surveys were also 
analyzed to determine the rate and distribution of growth in turf cover and associated 
economic implications .  
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3. Impervious Surface /Turf Cover Regression  
 
The third method to estimate the extent of turf cover in the Bay watershed follow s the 
approach described by Milesi et al (2005) who conducted a national assessment of turf 
grass.  Milesi et al (2005) estimated the extent of turf cover by relating it to the 
fractional extent of impervious surface area derived from nighttime lights radiance, road 
density, and Landsat-derived urban land cover values (Elvidge et al., 2004).  A linear 
regression (Equation 1) was used to relate the fractional impervious surface area within 
a 1 km2 cell to the fractional turf grass area as measured from 80 high-resolution aerial 
photographs.  Milesi et al (2005) used this predictive equation to calculate aggregate 
estimates of statewide turf cover in the continental US with a confidence interval of +/ - 
20%. 
 
Equation 1 (Milesi et al, 2005):  
 
 
 
We processed this equation and the fractional ISA raster data produced by Elvidge et al. 
(2004) within a GIS to estimate the extent of turf gr ass in the Bay watershed.     
 

RESULTS AND DISCUSSION  
 
Based on the GIS analysis of satellite derived land cover datasets combined with spatial 
data on roads and population density, approximately 9.5% of the Bay watershed land 
area is covered by turf grass (Table 1).  The distribution of areas with high turf cover is 
shown in Figure 1. 
 
Maryland had the largest amount of turf grass despite having half the land area within 
the Bay watershed compared to Pennsylvania or Virginia.  The extent of exurban turf 
was also particularly high in Maryland.   
 
Table 1. Year  2001 Turf Cover Estimate Using a GIS and Satellite Data   
State  Land Acres in Bay 

Watershed  
Urban 1 Turf  
Acres  

Exurban 2 
Turf Acres  

Total Turf 
Acres  

Percent Land  
Area with 
Turf  

MD  5,639,428  1,007,269  298,476  1,305,745  23.15%  
VA  13,706,037  988,291  135,792  1,124,083  8.20%  
PA  14,345,262  900,803  158,212  1,059,015  7.38%  
DC  38,956  16,071  2,320  18,391  47.21%  
DE  450,384  31,337  3,648  34,985  7.77% 
NY  3,983,079  160,788  32,982  193,770  4.86%  
WV  2,288,363  75,515 12,425  87,940  3.84%  
Total  40,451,509  3,180,074  643,855  3,823,929  9.45%  
1 Urban area include s impervious  and non -forested pervious surfaces in industrial, 
commercial, and residential areas with lot sizes generally less than 2 -acre s.  
2 Exurban are as represent all non -urban lands.  The ñurban recreational grassò land cover 
class was solely used to identify turf grass in exurban areas.    

 

Fractional Turf Grass Area (%) = 79.53 ï 0.83 * Fractional ISA (%) 
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The headwater states of New York and West Virginia had the lowest percentages of land 
area covered by turf.  This may be partly due to issues associated with the terrain (more 
dissected) and climate (cooler with shorter growing seasons) but also may be due to 
relatively lower densities of residential development which are difficult to detect with 
Landsat derived land cover data.    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1:  
Distribution of Counties with High Turf Cover in the Chesapeake Bay Watershed  

 
The counties with the greatest amount of turf grass are all suburban jurisdictions 
surrounding major metropolitan center s such as the District of Columbia, Baltimore, 
Maryland, Harrisburg, Pennsylvania, Richmond and Norfolk, Virginia . Three counties 
(Fairfax, VA, Montgomery and Howard, MD)  were found to have more than 40% of 
their land area covered by turf grass.  Together, the 15 counties with the highest amount 
of turf grass represent 37% of the total area covered by turf in the Bay watershed, even 
though they compromised less than 13% of its total land area (see Appendix A).  
 
The large extent of turf grass in these counties is a function of the prior agricultural land 
use, dense residential population, and abundance of land uses associated with 
residential developments such as golf courses, schools, and churches.      
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The turf  grass industry statistics reveal interesting trends in the distribution of turf 
cover in each state (Table 2). As might be expected, the home lawn comprises the largest 
share of turf cover in each state (62% to 83%) and its share appears to be increasing 
over time.  Roadsides, municipal open space, parks and schools collectively represent 
about 15% of the remaining turf cover.  
 
The rapid growth in turf cover is evident in Table 3 which tracks turf cover in the 
Commonwealth of Virginia between 1972 and 2004. During this 32 year period, the 
acreage of turf grass tripled, growing by an average of 8.6% per year. Home lawns were 
the fastest growing turf sector, primarily due to low density development. An indication 
of the increasing suburban footprint of the state is that per -capita turf acreage nearly 
doubled during this period, climbing from 0.13 to 0.24 acres/resident.    
 
For the entire Bay watershed, the turf estimate based on industry statistics for the mid 
to late 1990s was just over 3 million acres (Schueler, 2001), but climbed to nearly 3.8 
million  acres by the 2004/2005 baseline year (Table 4).   
 
Table 2. Distribution of Turf Grass by Sector in Maryland,  Virginia and New York (percent) 3 

Turf Sector  1989 -1998 1 MD 2005  VA 2004  NY 2005  
Home lawns    70   82.6  61.6  82.1  
Apartments  nd 2 0.6  nd  0.8  
Roadside right of way  10 4.3  17.5 nd  
Municipal Open 
Space  

7.0  3.5  6.0  nd  

Parks   3.5  1.9 2.5  1.9 
Commercial  Nd Nd 5.0  0.3  
Schools  3.0  3.4  2.9  1.6 
Golf Course  2.5  1.4 2.2  3.0  
Churches/ 
Cemeteries   

2.0  1.2  1.4 1.1 

Airports/Sod farms)   1.0  1.1  0 .9  0.6  
1 Average of three states: MDASS (1996), VAASS (1998) and PAASS (1989)  
2 nd = no data as the indicated turf sector was not sampled or estimated  
3 As reported in MDASS (2006), VADACS (2006) and NYASS (2004)  

 
 
Table 3 Virginia Turf Grass Growth (197 2-2004) 1 
Year  VA Turf Grass Acres  
1972 617,923  
1982  826,121  
1998  1,368,000  
2004  1,702,000  
Rate of 
Change  

33,875 acres per year (8.6%/year)  

1 historical surveys as reported in VADACS (2005)  
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Table 4 Updated Turf Cover Estimates Using More Rec ent Industry Statistics  
State  Survey 

Year  
Turf  
Acres  

Development  
Adjustment  

Fraction In 
Bay  

Total  Turf Acres   

MD  2005  1,100,000  1.03 1 0.938  1,062 ,754  
VA  2004  1,702,000  1.15 1 0.546  1,068,686  
PA  1989  1,999,408  1.25 2  0.500  1,249,630  
DC Nd 3 1,950   1.0  1950  
DE  Nd 3 21,330   0.360  21,330  
NY  2005  3,430,000  0. 60  1 0.132  271,656  
WV  Nd 3 113,789   0.148  113,789  
Watershed  Total  3,789 ,795  

Percent of Bay Watershed ( 40,451,509 acres)    9.3 7% 
Notes:  
1 Adjust ment factors based on ratio of percent urban land in the fraction of the s tate 
in the Bay watershed to the percent urban land statewide from NLC 2000 dataset.  

2 Adjusted upward to reflect 2.5% annual growth in turf cover to the year 2000 in PA   
3 For states with no turfgrass data ( nd ), turf cover was con servatively assumed to be 
5%  of total state acres present in the watershed.   

 
Following the methods outlined in Milesi et al (2005), the extent of turf grass in the Bay 
watershed is estimated to be only 5.31%.  This estimate contrasts greatly with the 
estimates derived from the GIS analysis of moderate resolution imagery (9.45%) and 
State industry statistics (9.37%).  The Milesi et al (2005) method is conservative in 
estimating overall turf acreage due to its coarse resolution, and the fact that it did not 
compute turf cover for 1 km2 cells with less than 10% ISA (i.e., the authors indicated it 
was not possible to discriminate turf from pasture, hay, crops and other pervious cover 
within these cells).   
 
As Cappiella and Brown (2001) note, however, the greatest fraction of turf cover is 
associated with low density development (i.e., one and two acre lots) and over the past 
15 years, the average lot size of new development in Maryland, for example, ranged from 
0.7 to 0.83 acres (MSP, 2006).  
        
Table 5: Bay Wide Turf Estimates Using Landsat Data , ISA /Turf  Regression Method  1 
State  Total Turf Acres  
MD  621,070  
VA  799,953  

PA  574,976  
DC 15,159 
DE  13,355  
NY  94,011  
WV  30,754  
Watershed Total  2,149,279  

Percent of Bay Watershed  5.31% 
1Milesi et al (2 005)  

 
While both the GIS analysis of moderate-resolution imagery and the approach used by 
Milesi et al (2005)  rely on remotely sensed imagery as the main source of information, 
the estimated extent of turf grass based on GIS analysis of Landsat-derived land cover 
data and population and road density was 78% higher than the estimate based on the 
approach used by Milesi et al. (2005).   As discussed above, we attribute this difference 
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to 10% threshold applied to the 1-km2 resolution fractional impervious su rface dataset 
derived from nighttime lights data.  The impact of this threshold is apparent in eastern 
Loudoun County, Virginia, (Figure 2) where estimates of the percentage of turf grass are 
lacking in many of the 1-km2 cells that clearly contain both  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Figure 2.  Representation of urban lands based on Landsat-derived land cover, population and road density 

data (red and pink areas) compared to turf grass estimates from Milesi et al., 2005 (white outlines for each 

1-km
2 
cell noted with the percentage of turf grass in each cell).  Cells not labeled were ignored because they 

fell below the 10% of threshold of fractional impervious cover.  The area is shown is in eastern Loudoun 

County, Virginia (2003 NAIP imagery).    


