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T he Multi-Resolution Land Charateristics Consortium (MRLC) dev eloped National Land Cov er Database
Imperv ious Surface (NLCD IS) data to identify percent dev eloped imperv iousness for the coterminous 
U SA.  W e present the results of an accuracy assessment on this data for the City of Roanoke, V irg inia. 
First, w e performed a classic accuracy assessment using  a set of random points g enerated by GIS, and 
hig h resolution aerial photog raphs  (1/2 foot resolution), v arying  the NLCD IS’ percent imperv iousness from
10% to 75% per cell,   resulting  in an ov erall accuracy of around 70% for most thresholds.  T hen a polyg on
imperv ious surface dataset  w as delineated in GIS using  the same hig h resolution aerial photos, and 
subsequently  subdiv ided into 30 meter by 30 meter pixels matching  each cell boundary of the NLCD IS 
data.  A second  accuracy assessment w as performed on a cell by cell basis, comparing  the NLCD IS to
this new ly created  imperv ious surface dataset.   Finally, terrain relief, specifically percent slope created 
from a 30 meter dig ital elev ation model, w as added to the analysis to determine if it impacted the accuracy
of the NLCD IS data in the cell by cell assessment.   

T he National Land Cov er Database Imperv ious 
Surfaces (NLCD IS) w as deriv ed by means of
reg ression tree softw are using  both leaf-on and 
leaf-off Landsat imag es and imag es from NO AA’s
Defense Meteorolog ical Satellite P rog ram [Fry
et al. 2006].  T he dataset presents a continuous
layer w ith a g radient of imperv iousness from 0 to
100 percent for each 30 meter by 30 meter pixel
(MRLC 2012) (Fig ure 1).  Accuracy assessments 
hav e been performed on the full NLCD w ith
resulting  ov erall accuracies rang ing  from 59.7% to
80.5% (Yang  et al. 2001), 43%–83% (Stehman et al.
2003),  and 78%–85% (W ickham et al. 2013). 
W e w ere unable to locate a similar accuracy
assessment performed specifically on the NLCD
IS dataset.

      Bauer, M.E.; Loeffelholz, B.; W ilson, B. Estimation, Mapping  and Chang e Analysis of Imperv ious Surface Area by Landsat  Remote 
Sensing . In P roceeding s of P ecora 16— Global P riorities in Land Remote Sensing , Sioux Falls, SD, U SA, 22–27 O ctober, 2005.
      Civ co, D.L.; H urd, J.D.; W ilson, E.H .; Arnold, C.L.; P risloe, M.P ., J r. Q uantifying  and describing  urbanizing  landscapes in the Northeast 
U nited States. P hotog ramm. Eng . Remote Sens. 2002, 68:1083–1090.
      DeBusk, K., W . F. H unt, U . H atch and O . Sydorov ych (2010). "W atershed retrofit and manag ement ev aluation for urban stormw ater 
manag ement systems in North Carolina." Journal of Contemporary W ater Research and Education 146: 64-74.
      Fry, J .; Xian, G.; Jin, S.; Dew itz, J.; H omer, C.; Yang , L.; Barnes, C.; H erold, N.; W ickham, J . Completion of the 2006 National Land 
Cov er Database for the Conterminous U nited States. P hotog ramm. Eng . Remote Sens. 2011, 77: 858–864.
      Geig er, R., R. H . Aron and P . T odhunter (2003). T he Climate Near the Ground, 6th Edition. Lanham, Md., Row man & Littlefield.
      MRLC (Multi-Resolution Land Charateristics Consortium National Land Cov er Database). 
Av ailable online: http://w w w .mrlc.g ov /nlcd06_data.php (accessed on 19 December 2012).
      Slonecker, E. T ., D. B. J enning s and D. Garofalo (2001). "Remote Sensing  of imperv ious surfaces: A rev iew ." Remote Sensing  
Rev iew s 20(3): 227-255.
      Stehman, S.V .; W ickham, J.D.; Smith, J .H .; Yang , L. T hematic accuracy of the 1992 National Land-Cov er Data for the eastern 
U nited States: Statistical methodolog y and reg ional results. Remote Sens. Env iron. 2003, 86: 500–516.
      W elker, A. L., B. M. W adzuk and R. G. T rav er (2010). "Integ ration of education, scholarship, and serv ice throug h stormw ater
manag ement." J ournal of Contemporary W ater Research and Education 146: 83-91.
      W ickham, J .D.; Stehman, S.V .; Gass, L.; Dew itz, J .; Fry, J.A.; W ade, T .G. Accuracy assessment of NLCD 2006 land cov er and
imperv ious surface. Remote Sens. Env iron. 2013, 130: 294–304.
      Yang , L.; Stehman, S.V .; Smith, J.H .; W ickham, J.D. T hematic accuracy of MRLC land cov er for the eastern U nited States. Remote 
Sens. Env iron. 2001, 76: 418–422.
      T he NLCD IS data set w as dow nloaded from the MRLC w ebsite; the City of Roanoke boundary file w as dow nloaded from the City of
Roanoke, V irg inia FT P  site; 2011 H ig h resolution aerial photos w ere accessed from the V irg inia Geog raphic Information Netw ork GIS serv er.  

Fig ure 1. NLCD IS ov erlaid w ith boundary of Roanoke,
V irg inia, yellow  = 0% g raduating  to dark brow n for

100% imperv ious ´

Abstract

Background and Study Area

T he City of Roanoke, V irg inia is located in a v alley betw een the Blue Ridg e Mountains and the Alleg hany 
H ig hlands (Fig ure 2).   Roanoke, the larg est metropolitan reg ion in southw estern V irg inia, is characterized
by a v ariety of urban land uses.  T he city’s history is larg ely based upon its role as a reg ional transportation
hub for rail and road traffic w ith serv ices and industries supporting  the rail system, as w ell as finance, 
distribution, trade, manufacturing , and health care businesses.

Fig ure 2. Roanoke, V irg inia Reference Map

Land cov er chang es inv olv ing  increasing  amounts of imperv ious surfaces cause alterations of the
hydrolog ic cycle (prev ents infiltration and increases runoff into w ater bodies) (DeBusk et al. 2010; W elker
 et al. 2010) and affects natural temperature reg ulation (causing  urban areas to be w armer than
surrounding  rural areas) (Slonecker et al. 2001; Geig er et al. 2003).  Mapping  imperv ious surfaces is 
essential for ev aluating  these impacts and implementing   effectiv e env ironmental and urban 
manag ement planning  (Slonecker et al. 2001; Civ co et al. 2002; Bauer et al 2005) . 
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Methods
Classic Accuracy Assessment:
1) Dev eloped a set of threshold maps for the NLCD IS data set.  W e set the thresholds at 10%, 25%, 30%, 
40%, 45%, 50% and 75%.  
2) Created a reference data set by g enerating  random points in ArcGIS and using  2011 hig h-resolution 
aerial photos (1/2 foot resolution) from the V irg inia Base Mapping  P rog ram, identified each point as either
imperv ious or other on the aerial photo and each IS threshold (from step 1).  
3) Calculated ov erall accuracy and kappa for each NLCD IS threshold.  
Cell-by-Cell Comparison
1) Manually delineated imperv ious surfaces from the same hig h-resoulation aerial photos.
2) Created a fishnet in ArcGIS using  the NLCD IS as a reference layer so that the g rid cells w ould match
the size and boundaries of the NLCD IS, then used Indentity tool in ArcGIS to calculate percent imperv ious,
as delinated from the aerial photos, for each g rid cell.
3) Extracted the percent imperv ious for each NLCD IS g rid cell that matched the exact location of each cell
in Step 3.
4) Added percent slope (as calculated from the DEM) to each g rid cell.
5) Calculated the difference betw een the NLCD IS and manually delinated v alues, and performed a 
reg ression analysis (slope = independent v ariable) to determine slope's influence on this difference. 

Results - Classic Accuracy Assessment

Fig ure 3. NLCD IS, 10% and abov e Fig ure 4. NLCD IS, 25% and abov e

Fig ure 5. NLCD IS, 50% and abov e Fig ure 6. NLCD IS, 75% and abov e
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Fig ures 3 - 6 are the results of v arying  the threshold of the NLCD IS percent imperv ious from 10% to 75%.  T he 
threshold percent represents the minimum v alue of imperv iousness set for each g rid cell.

T able 1. Classic accuracy assessment and kappa
for different NLCD IS thresholds

T able 1 rev eals the accuracy assessment results for v arious 
NLCD IS thresholds.   From threshold v alues of 35% to 75%, 
ov erall accuracy hov ers around 70% and kappa 0.40.   
T he hig hest ov erall accuracy and kappa w as achiev ed 
w hen setting  the NLCD IS threshold at 45% imperv iousness.

Results - Cell-by-Cell Accuracy Assessment

Fig ure 8. Imperv ious surfaces (mag enta)
delineated  from aerial photos.  Black border

is the study area. 

Fig ure 7 show s that the fishnet
created for a cell size of 30 x 30 
meters matches exactly w ith NLCD 
IS cell size and boundaries.

Conclusions

Fig ure 8 show s imperv ious 
surfaces (mag enta) for the entire 
City of Roanoke delineated from hig h-
resolution aerial photos.  Delineation has been completed for 
75% of the City (black boundary) and partially done for the 
remaining  25%.  T he area in black w ill be used for cell-by-cell 
comparison.
T he number of cells from the NLCD that cov ers this area totals
93,393. T able 2 show s a sample of the results of extracting
NLCD IS, aerial IS, slope percent, and IS difference for each 
of the 93,393 fishnet g rid cells.  

T able 2. NLCD IS, aerial IS, slope percent, and IS 
difference for each cell

Fig ure 7. Fishnet g rid superimposed on NLCD IS cells

       - W e anticipated hig her accuracies at the low est and hig hest lev els of IS, but w e had decreasing  accuracies
from low  to hig h percents, shadow ing  from building s and topog raphy along  w ith concealment by tree canopy
contributed to the inability to discern imperv ious surfaces. 
       - Mixed pixels caused much more of a confounding  effect than anticipated.  T he NLCD IS layer is a 
g eneralization process, not a discrete identification process as completed in v ector delineation.
      - O ur aerial identification w as conducted w ith a much finer resolution (1/2 foot) than the NLCD IS (30 meter),
thus w e hav e better precision and detail.
      - Some of the differences betw een the NLCD IS and the aerial photo interpreted IS can be attributed to 
differences in data acquisition dates.  NLCD IS dataset w as completed in 2006 and the aerial interpretation w as 
accomplished using  2011 aerial photos.  
      - T he MRLC adv ises that NLCD datasets are more accurate at reg ional and national lev els, than at a local
lev el.
      - In addition, T he MRLC acknow ledg es that the 2006 NLCD IS dataset is inaccurate and a new  dataset w ith
2011 data is scheduled for release this month (April 2014).

O ur ov erall accuracy for all pixel v alues of NLCD IS as compared to the reference data set from the aerial photos 
w as only 11.8%.  T he producers' error rang ed from 38.0% g radually decreasing  to 0% as the IS increased from 0 
to 100% IS).  O ur RMSE w as 1384.1.  

T able 3,  Accuracy Assessment results w hen categ orizing  the percent IS for
NLCD IS data and hig h resolution aerial photo refernce dataset. 

Fig ure 9.  Spatial distribution of the difference in
per pixel v alue (aerial - NLCS IS), (detail show s 

Roanoke/Blacksburg  International Airport).
Smaller v alues (blues) represent ag reement, 

larg er v alues (reds) hig her disag reement
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Since the ov erall accuracy  w as so low , w e did not calculate kappa, but instead categ orized the percent  IS
and completed a second accuracy assessment.  T able 3 show s the results of this additional assessment.  T he
percent IS for both data sets w ere categ orized 0 - 9, 10 - 19...90 - 100.  U sing  a rang e of  v alues in our
assessment increased the ov erall accuracy to 33.6%, still a rather low  v alue, so ag ain kappa w as not calculated.  
O f particular note, w e found that ag ain the producers' error decreased as the percent IS increased for each pixel.   
Fig ure 9 show s the spatial distribution of the difference in the per pixel percent IS (aerial minus NLCD IS, 
larg er v alues = g reater disag reement).
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Results of the reg ression analysis on the impact of slope on the difference betw een the reference data set and the 
NLCD IS data set produced an R-squared v alue of less than 1%.  A separate reg ression analysis using  percent
tree canopy cov er produced similar results. 


