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PROJECT OVERVIEW 

 

Floodplain modeling and drainage studies incorporate hydrologic modeling software to compute peak flow or water surfaces 

in a given area and land use data is essential to this task.  Since different objects on earth (plants, soil, water, etc.) reflect 

different wavelengths of light, LANDSAT high resolution satellite imagery can be used in a Geographic Information System 

(GIS) to generate required land use classifications, which can then be input or imported into various hydrologic models, such 

as the Sacramento Hydrologic Calculator (Sac-Calc), developed for Sacramento County, and FLO-2D™.  Using ArcGIS™ 

(GIS software developed by Environmental Systems Research Institute, Inc. [ESRI©]), I will perform supervised 

classification on 6 bands of the LANDSAT 7 imagery for a particular area at the north-eastern part of Sacramento County, 

and then apply the training to a larger extent of the region.  I will designate basic land use categories to represent the area and 

assign them with different infiltration percent impervious and n values, as an example study.  As seen below, the study area 

chosen to be analyzed is comprised of urban, open space, native and riparian vegetation, the course of the American River, 

and negligible agricultural areas within the watershed downstream of Folsom Dam:   

 

 
FIGURE 1. Study Area. 
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PURPOSE 

 

Hydrologic modeling software, such as the Sac-Calc and FLO-2D™, require land use parameters to be input into the model 

to compute runoff and infiltration losses or specify roughness coefficients for a given watershed or floodplain area.  Sac-Calc 

identifies the increment of runoff modification resulting from a potential site development, which usually requires 

comparison of the land use before and after the project.  Land use is combined with hydrologic soil types (B, C, or D) and is 

associated with a percent pervious value for each area of ground cover classification in a sub watershed, ranging from 1% 

(Dense Oak, Shrubs, Vines) to 95% (Highways, Parking). Soil data in GIS format can be downloaded from the NRCS 

website (http://soildatamart.nrcs.usda.gov/) and intersected with the land use data after the classification.  The areas (sq. mi. 

or acres) or percentages of the shed are input into the Sac-Calc Watershed Wizard for the listed categories here: 

 

 
FIGURE 2. Sac-Calc Watershed Wizard. 

 

FLO-2D™, a hydrologic model for floodplain mapping, utilizes land use and soil type GIS shapefiles (which the Manning’s 

n values are based upon) within the project boundary for the model’s Green-Ampt computations.  The Hydrology Standards 

in the City and County of Sacramento Drainage Manual  indicates Percent Impervious and corresponding n value standards 

for each land use category shown in the chart below:   

 

 
FIGURE 3. Percent Impervious and n Value Chart. (Sacramento County, 1996) 

http://soildatamart.nrcs.usda.gov/
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Contingent on the hydrology standards being used, GIS can be used to semi-automate the process of classifying basic land 

use categories from LANDSAT imagery, when no other land use data is available for a particular storm event, given it falls 

around the same time period as the imagery, or for an existing conditions scenario.  Using GIS tools to complete the 

classification process can significantly save time for the analyst, rather than having to manually digitize the land use visually 

by hand using aerial imagery. 

 

 

DATA SOURCES 

 

The LANDSAT 7 satellite was launched on April 15, 1999 and 30-m pixel resolution images were published on December 

29, 1999.  The LANDSAT 7 satellite has an Enhanced Thematic Mapper Plus (ETM+) passive sensor that measures solar 

radiation reflected or emitted by the Earth's surface and records seven images for each tile.  Each of the seven images 

represents a single band, each collecting specific wavelengths in the electromagnetic spectrum.  The seven band images and 

an index shapefile was obtained from Cal-Atlas (http://atlas.ca.gov) to be composited into one single image for the 

supervised classification process using the ArcGIS™.  More current or other years of record LANDSAT imagery can be 

accessed from USGS at http://landsat.usgs.gov.  The watershed of interest was selected from data also downloaded from Cal-

Atlas.  I added the ArcGIS™ Online Service World Imagery from http://www.arcgis.com/home/ as a base map image and 

alternatively, also used the Year 2000 Land Use Survey from the Department of Water Resources (DWR) I acquired from 

http://www.water.ca.gov/ for Sacramento County to better verify the land use types for the time period the LANDSAT 

imagery was captured for most of the watershed analyzed. 

 

 

METHODS USED 

 

Imagery at 30-m resolution may not be suitable for studies that require very detailed information, but these test procedures 

will provide a basis of understanding as to how critical it is for basic or common hydrologic analysis.  First, I located the 

image tile that encompasses my study area from the LANDSAT index shapefile and I downloaded all seven image bands in 

TIFF format.  Second, I composited the single bands into one ERDAS IMAGINE® file (.img) using the ArcToolbox™ 

Raster Processing tool “Composite Bands”, excluding Band 6, since it is a thermal band not useful for this procedure.  Also 

available is an eighth image, which is the panchromatic band useful for enhanced detection due to enhanced resolution, but it 

was not downloaded for this process.  The spectral sensitivity recorded in all the seven bands of LANDSAT 7 are as follows: 

  

 
FIGURE 4. LANDSAT 7 Bands. (NASA, 2010) 

 

The extent of the final image of all six bands used (1, 2, 3, 4, 5, and 7) was reduced to focus on the watershed in my study 

area, by specifying the output to match the extents of a boundary shapefile in the environments general settings.  Specific 

features can be extracted from a single LANDSAT band image based on the specific radiation wavelengths in the figure 

above, and the various applications for seeking certain characteristics in the individual band images are generalized below:  

  

 
FIGURE 5. LANDSAT 7 Applications. (NASA, 2010) 

http://atlas.ca.gov/
http://landsat.usgs.gov/
http://www.arcgis.com/home/
http://www.water.ca.gov/
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Third, I came up with the land use classification categories I wanted to use.  The land use categories in the Sac-Calc model 

and sources of land use types can be quite broad and specific.  The land use categories that can be extracted from remote 

sensing images can be as detailed or as general as the analyst chooses, or as the resolution and image detail allows.  For this 

example, I assigned “Vegetation” to clusters of trees, forestry, and other native/ riparian areas; assumed “Open Space” to be 

composed of dirt, grassland/weeds and dredging tailings; limited “Landscape” to recreational grassy areas, such as schools, 

parks, and golf courses; grouped all the built-out/developed land into “Urban”; and assumed “Water” would have none or 

very little infiltration into the soil (acting as pavement that rates low infiltration of 95-100% imperviousness).  I limited the 

classification categories to the following land uses and estimated the FLO-2D™ n values and percent impervious values to be 

assigned and related them to an equivalent Sac-Calc designation (assuming an averaging of the input parameters for this 

demonstration): 

 

LAND USE CATEGORY / SAC-CALC EQUIVALENT Percent Impervious* n Value* 

Vegetation: Open Space, Woodland, Natural 1 0.15 

Open Space: Open Space, Grassland, Ag 2 0.10 

Landscape: Residential: < 0.2 du/acre, Recreation 5 0.07 

Urban: Residential: 6-8 du/acre, LDR, School 50 0.04 

Water: Highways, Parking 95 0.03 

*These values are assumed for example only. 

FIGURE 6. Land Use Categories and Assumptions. (Sacramento County, 2010) 

 

The last steps involved utilizing the ESRI© ArcGIS™ extension, Spatial Analyst™.  The multispectral tools were used for 

training the image by creating spectral signatures in ArcGIS™ from fifty polygons I drew to represent samples of the five 

land use sets: Water, Open Space, Urban, Vegetation, and Landscape.  I carefully digitized the polygons, trying not to cross 

into other land use areas and make them as spectrally homogeneous as possible.  Reflective features, such as buildings, were 

easier to locate than others; therefore, ArcGIS™ Online Service World Imagery was used to aid me in picking features not 

clearly evident in the 30-m resolution LANDSAT imagery.  Some features may have changed since 1999 compared to the 

current imagery, so I viewed the LANDSAT composite color schemes to help distinguish land use from that time period.  

Then, a Dendrogram diagram was reviewed and the results were analyzed for accuracy and to view the relationships between 

the five different land use groups to make sure there was no confusion or overlap in the spectral classes for the distinct land 

use categories.  Finally, the maximum likelihood classification tool was initiated, which classified the image into the desired 

categories.  However, the quality accuracy portion of the task creates more work to make sure the final product is accurate.   

 

The final classified layer is produced after several iterative revisions to the training set polygons and running through the 

multispectral tools until the results match the aerial imagery well enough to be considered accurately delineated.  The final 

classification raster can be converted to vector polygon features, using Spatial Analyst™.  Intersection with the soil data 

and/or watershed(s) and calculating areas would be required before imputing the data into the models.  Preparing the soil 

data, modifying the land use even more, such as taking out overpasses and bridges, since water would flow under them, and 

setting up the hydrologic models are beyond the scope of this topic; however.  Statistical quantitative methods to assess the 

accuracy of the analysis were completed as well.  Applying the training sets derived from the sample area can sometimes be 

applied to larger areas that have similar land use types, as I followed through on for the entire extent of the original image.  

The following map illustrates the final training site locations that were chosen to build the spectral signatures from for each 

land use category 1-5, which produced the best results for this analysis:   

 

 
FIGURE 7. LANDSAT 7 Training Sites. 
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ISSUES ENCOUNTERED 

 

Given that the date of the LANDSAT imagery is from 1999 and the World Imagery from ArcGIS™ Online Service is much 

more recent, some of the areas I thought were a particular land use type may not have been that way in 1999, which is why I 

also used DWR’s Year 2000 land use survey for this test (only 1 year later than when the satellite imagery was flown).  There 

was still some misclassification after the first trial.  Some of the water in the river didn’t show up as water and some of the 

open space areas resembled the urban spectral statistics and such; but overall, I think the outcome was still surprisingly 

accurate, especially the ability to automatically pick up groups of trees in the middle of barren areas.  It was an iterative 

process to try to make the spectral signature polygons better represents the various spectral possibilities for each of the land 

use categories in the study area, but the issues appear minimal compared to the land use detail it did pick up.   

 

In classifying the full extent of the original LANDSAT image, I noticed that the agricultural “landscape” areas were getting 

slightly confused as urban and vegetation identification, since the spectral energy varies greatly between grain, pastures, 

citrus and deciduous orchards, truck and field crops and other agricultural land cover.  Crops may be highly reflective, 

resembling urban, or patchy and green, resembling oak groves or healthy vegetation.  I attempted to add a sixth category to 

my training classes to classify agricultural land use by locating known pastures and farms, such as strawberry and pumpkin 

patches, in the study area and applying them to the sample area and to the large extent image.  However, the original five 

categories seem to be the threshold since the new classification scheme produced even more problematic classification and 

confusion in the Dendrogram.  Therefore, the five categories (Water, Open Space, Urban, Vegetation, and Landscape) 

remained for this study.  This means agricultural areas in the imagery contribute to some of the error of the results, shown 

here in the western part of the county where agriculture is classified as a mix of vegetation, urban, and landscape based on the 

energy emitted from the various crop types that match more closely with the other land use types: 

 

  
FIGURE 8. Methods Applied to Overall Image Extents. 
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RESULTS 

 

The results were fairly quick and the final land use was amazingly well defined.  The final classification is still not perfect for 

this highly mixed land use area, but weighing out the time it would take to do this manually, I am quite pleased with the 

results and feel the discrepancies are minor, depending on what the information is being used for and what level of accuracy 

is required.  The land use categories appear to follow the aerial imagery fairly well and the 30-m resolution satellite imagery 

doesn’t seem to be a hindrance for this task.  Below is the final land use classification raster of the study area I analyzed: 

 

 
FIGURE 9. Final Land Use Classification and Training Sets. 

 

The minor agricultural areas in this are classified as a mixture of Urban, Open Space, Vegetation, and Landscape in this study 

area.  This makes sense due to the varied reflectance of these areas.  The mixed 4-H rural residential areas probably cause 

similar urban signatures; fallow or dirt in the agricultural fields must be comparable to the Open Space qualities found in my 

training areas; oak trees and mixed agriculture patches are representing Vegetation; and low growing pastures or newly 

planted grains and grasses may resemble Landscape.  Compared to other methods of digitizing this information, I don’t 

expect it to impact typical drainage studies or floodplain modeling much.   However, it may be possible the DWR’s land use 

survey or other surveys done for the same time period would be more suitable than this method.  In reality, the choices would 

have to be evaluated by the engineer.   
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To better evaluate this procedure, I wanted to visually compare my results with DWR’s Year 2000 Land Use Survey for 

Sacramento County, although they are now using satellite imagery to aid their identification process.  Personally, I think this 

method more accurately and finely represents the land use than DWR’s more general scheme of the similarly grouped land 

use below, especially the landscape and vegetation classes, although this could also be an error in the grouping of their land 

use categories (i.e., Highway 50 is attributed as Vacant Urban) in trying to match my groupings: 

 

 
FIGURE 10. DWR’s Year 2000 Land Use Survey. 

 

The signature text file shows the signature means and covariance matrices that were used in the algorithms and the 

Dendrogram signature evaluation.  The final Dendrogram appear to have little confusion between the different land use 

spectral signatures below.  I am fairly confident that the training sites I used are well defined and can be used for more than 

the study area I chose to evaluate based on the text file below: 

 

 
FIGURE 11. Methods Applied to Entire Image Extents. 
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For additional interest, I applied the same spectral signatures to the original image that includes most of Sacramento County 

and much of the Lower Sacramento River Watershed, for comparison purposes to see how well the chosen training sites 

relate to the rest of the county.  As mentioned earlier, the agricultural areas have some issues in false classification, and it 

would require even more training for the entire extent of the image to capture all the spectral variants that are possible.  

Therefore, the best output is locations of no agriculture, but applied to a large area, the results are still quite interesting and 

pleasingly accurate for such a large coverage area (below): 

 

 
FIGURE 12. Methods Applied to Entire Image Extents. 
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To finalize the Accuracy Assessment task for this project, the Create Error Matrix© tool in ArcGIS™, developed by Nathan 

Jennings (nate@jenningsplanet.com), was invoked for just the smaller study area.  It was used to evaluate the overall 

accuracy of the supervised classification based on known land use polygons from aerial imagery and DWR’s Year 2000 Land 

Use Survey to compare the results to.  The 25 validation polygons I used and the results of the error matrix which revealed an 

impressive 92% success are shown here: 

 

 
FIGURE 13. Accuracy Assessment Error Matrix. 

 

Class 3 (Urban) has the lowest user’s accuracy of 76%-80% and 78%-82% for the producer’s accuracy, but this can account 

for shadows in the landscape and the agricultural areas causing a mismatch in the spectral comparisons.  Class 4 (Vegetation) 

has the lowest producer’s confidence interval at 76%, but some of the polygons may be crossing through two different land 

cover types or also getting confused with the few agricultural areas in the study area.  Since some crops may produce similar 

radiation wavelengths as other land use types, it might be better to classify agriculture separately and mask out the other 

known types, or reduce the study area to an area with fewer land use possibilities than this urbanized setting near the water. 

mailto:nate@jenningsplanet.com
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CONCLUSION 

 

In conclusion, I am satisfied with the results and I am confident that one can successfully use LANDSAT imagery and 

ArcGIS™ to classify basic land use types for hydrologic modeling purposes.  I think GIS does a good job of quickly 

demonstrating where the approximate limits of the towns are, the woodland areas, barren areas, water, and where the 

recreational fields are located.  Future steps may involve classifying agriculture separately into specific crop types, for 

example, by masking out the other land use areas that conflict spectrally with agriculture.  Also, it may be possible to 

separate urban into more specific categories, such as roads, commercial, and residential rather than being lumped into one 

blanket classification.  More general purposes may use GIS to determine strictly “Pervious” vs. “Impervious” surfaces.  It 

should be noted that the ArcGIS™ extension Feature Analyst® is an alternative route to land cover classification, but it is not 

necessary for the categories I generated, given these results.  Higher resolution digital satellite or aerial imagery would also 

be ideal, and perhaps required for other uses, but overall, LANDSAT appears to be comparable to other sources of land use 

data and therefore, should be just as valid.  I would like to test these procedures on other high resolution images, such as 

aerials.  I would recommend this technique to my colleagues for validation of other land use data as well, since rasterizing the 

two sources of data and comparing them against each other is achievable through ArcGIS™. Accuracy assessment should 

always be incorporated for a well documented and good quality product.  Remote sensing technology using GIS is a solution 

that hydrologic modelers should implement. 

      

 

LEARNING OUTCOMES 

 

I learned how to extract land use information from satellite imagery using ArcGIS™, a product I use on a daily basis at work.  

I am happy to be able to complete a project that involves real-world issues that I can apply to my job.  The iterative process 

took a while to nail down, but I feel confident that I now have the skills and techniques to make land use classification from 

high resolution satellite or aerial imagery as accurate as possible.  I did not know this technology existed before, so I am 

surprised by the level of detail that can be populated so quickly from readily available data and imagery.  I also learned that 

30-m resolution imagery is still extremely useful, even though it does not look like it has much value, as it often blurs 

features and isn’t a very good background for a map.  The Accuracy Assessment tool was very handy and I hope it will 

become a standard function in ArcGIS™.  I am glad to learn this process and am eager to use it for an actual project in the 

future.  I will share this work with others in the field to get their input and find ways to enhance my outcomes tailored to a 

more specific scope. 
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