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PROJECTOVERVIEW

Floodplainmodeling anddrainage tidiesincorporatenydrologic modelg softwareto computepeak flowor water surfaces

in a given areand land use data is essential to this.taSkicedifferent objects on earth (plants, soil, water, etc.) reflect
different wavelengths of light, ANDSAT high resolution satellite imageoan be used ia Geographic Information System
(GIS) to generateequiredland use classificationsvhich can then be input émported intovarious hydrologic modelsuch

as the Sacramento Hydrologic Calculator (Eaic), developed for Sacramento Coungyyd FLG2 D E UsingAr ¢ GI S E
(GIS software developed by Enviroemtal Systems Rearch Institute, Inc. [ESRI®]), | willperform supervised
classification on 6 bands of the LANDSATImMageryfor a particulararea at the nortbastern part ocBacramento County
and then apply the training to a larger extent of the regiamill designate basic land use categories to represent the area and
assign thenwith differentinfiltration percent impervious andvalues, as an exampkudy, As seen belowhe study area
chosen to be analyzed is comprisedudfan,open spacepdive and ripariarvegetationthe course of the American River,
and negligible agricultural areasthin the watershed downstream of Folsom Dam
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PURPOSE

Hydrologic modeling software, such as BacCalcandFLO-2 D E requireland use parameters to be input into the model
to computerunoff andinfiltration lossesor specifyroughnesgoefficients for a givemvatershed or floodplain are&acCalc
identifies the increment of runoff modification resulting froan potential site evelopment, which usually requires
comparison of taland use before and after the projecant use is combined with hydrologioil types (B, C, or D) and is
associated witla percent pervious valder each area of ground cover classificatiora subwatershedranging from 1%
(Dense Oak, Shrubs, Vines) to 95% (Highways, ParkiBgjl datain GIS formatcan be downloaded frorthe NRCS
website(http://soildatamart.nrcs.usda.gpahd intersected with the land use data after the classificationar€hag(sg. mi.

or acres) or percentages of the shezinput into theSacCalc Watershed Wizarébr thelisted categoriehere

Watershed Wizard - Land Use and Soil Group [WS001] a

Soil group
Land use Imper. area B C D A
Highways, Parking 95%
Commercial, Offices 90%
Intensive Industrial 85%
Apartments, HDR 80%
Mobile Home Park 75%
Condominiums, MDR 70%
Residential: 8-10 du/acre, Ext Indust 60%

Residential: 6-8 du/acre, LDR, School
Residential: 4-6 du/acre

Residential: 3-4 du/acre
Residential:2-3 du/acre

Residential: 1-2 du/acre

Residential: 0.5-1 du/acre
Residential: 0.2-0.5 du/acre, &g Res
Residential: < 0.2 du/acre, Recreation
Open Space, Grassland, &g

Open Space, Woodland, Natural
Dense Oak, Shrubs, Vines

Specified as: (¢ percentage, or (~ absolute area

Undo I < Back I Next > I Einish | Help

FIGURE2. SacCalc Watershed Wizard.

FLO-2 D E a hydplogic model for floodplain mappingitilizes land use and soil type GIS shapefleh i ch t he Mann
n values are based upowithin the project boundaryjort h e m&GrenAniiscomputations.The Hydrology Standards

in the City and County of Sacramento Drainage ManudicatesPercent Impervious and correspondimygalue standards

for each land use categaskiown in the chart belaw

Channelization Description
Basin Land Use Percent Developed Undeveloped
Impervious Pipe/Channel Natural
Highways, Parking 95 0.030 0.067
Commercial, Offices 90 0.031 0.070
Intensive Industrial 85 0.032 0.071
Apartments, High Density Res. 80 0.033 0.072
Mobil Home Park 75 0.034 0.073
Condominiums, Med. Density Res. 70 0.035 0.074
Residential 8-10 dw/acre (20-25 duwha), 60 0.037 0.076
Ext Industrial
Residential 6-8 du/acre (15-20 dwha), 50 0.040 0.080
Low Density Res.. School
Residential 4-6 dw/acre (10-15 dwha) 40 0.042 0.084
Residential 3-4 dw/acre (7.5-10 duha) 30 0.046 0.088
Residential 2-3 dw/acre (5-7.5 dwha) 25 0.050 0.090
Residential 1-2 du/acre (2.5-5 duwha) 20 0.053 0.093
Residential .5-1 dw/acre (1-2.5 dwha) 15 0.056 0.096
Residential .2-.5 duw/acre (0.5-1 du/ha), Ag Res. 10 0.060 0.100
Residential <.2 du/acre (0.5 dwha), Recreation 5 0.065 0.110
Open Space, Grassland, Ag 2 0.070 0.115
Open Space. Woodland, Natural 1 0.075 0.120
Dense Oak. Shrubs, Vines 1 0.080 0.150
Shaded values are nomally not used.

FIGURE 3. Percent Impervious amiValue Chart (Sacramento Countyt996
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Contingenton the hydrology standards being used, Ga& be usetb semiautomate the process of classifying basic land
use catgories from LANDSAT imagery, whemo other land use data is available for a particular storm event, given it falls
around the ame time period as the imagery, 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 landllyse visu
by handusing aerialmagery

DATA SOURCES

The LANDSAT 7 satellite was launched épril 15, 1999and 30m pixel resolution images were published on December
29, 1999 The LANDSAT 7satellite has aenhaned Thematic Mapper Plus (ETM-passive sensor that measures solar
radiation reflected or emitted by the Earth's surfand records seven images for each tile. Eachhef seven images
represents a single barehchcollectingspecific wavelengths in the electromagnetic spectriiime seven band images and
an index shagfile was obtainedrom CalAtlas (http://atlas.ca.ggvto be composited into one single image for the
supervised classification process using the Aré&GISMore currentor otheryears of recordLANDSAT imagery can be
accesseffom USGSat http://landsat.usgs.govlhe watershed of interest was selected from data also downloaded from Cal
Atlas. | added the ArcGIE Online Service World Imagerfrom http://www.arcgis.com/homeds a base map image and
alternatively, also used théear 2000Land Use Survey from the Department of Water Resources (DVEBjuired from
http://www.water.ca.govfor Sacramento County to better verify the land use types for the time pbheodANDSAT
imagery was captured for most of the watershed analyzed.

METHODS USED

Imagery at 36m resolution may not be suitable for studies that require very detailed atformbut tlesetestprocedures
will provide a basis of understanding as to how critical it is for basic or common hydrologic an#liysis.l located the
image tile that encompasses my study area from the LANDSAT index shapefilelanwdlbaded alkeven image bands
TIFF format Second] composted thesingle bands into on€ERDAS IMAGIN E® file (.img) using theArcToolboxE
Raster lPocessing toofi Co mp o s i t excludirey Bahd @, since it is a thermal band not useful for this procedise
available is areighthimage which is the panchromatic band fiddor enhanced detection due to enhanced resolubiainit
was notdownloaded for this proces3 he spectral sensitivity recordedah the seven bands of LANDSAT 7 are as follows:

Band Number Wavelength Interval Spectral Response

1 0.45-0.52 ym
0.52-0.60 pm

0.63-0.69 pm

0.76-0.90 pm
1.55-1.75 pm

10.40-12.50 pm

2.08-2.35 ym

Blue-Green
Green
Red
Near IR
Mid-IR
Thermal IR
Mid-IR

FIGUREA4. LANDSAT 7 Bands (NASA, 2010)

The extent of the final imagef all six bandused(l, 2, 3, 4, 5, and Avasreduced tdocus on thewvatershed in mytudy
area by specifying the output to match the extents of a boundary shaipefile enviroments general settingsSpecific
features can be extracted from a single LANDSAT band infegged on the specific radiation wavelengths in the figure
above,andthevariousapplicationdor seeking certain characteristics in thdividual bandimagesaregeneralized below:

Landsat 7

Band
Number

il moisture

m
For more

Applications

Remote Sensing and Image Interpretation. John Wiley and
Sons, Inc., New York, p. 468

FIGURES. LANDSAT 7 Applications. NASA, 2010)
3



http://atlas.ca.gov/
http://landsat.usgs.gov/
http://www.arcgis.com/home/
http://www.water.ca.gov/

GEOGRAPHY 342: Final Project December 13, 2010

Third, | came up with the land use classification categories | wanted toTirgeland use categories in the Szaic model

and sources of land use tgpean bequite 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,droaseke resolution and image detail allowsr this

example, lassigredfi V e g e t tadustaysnofirees, forestry,and othemative riparian areg assunedfi Open Speace o t
composed oflirt, grastandweedsand dredging tailingd i mi t e d f Lracredtisnagrgssy areas, such as schools,

parks, and golf courspgrouped all theébuilt-out / devel oped | and into AUrbano; and
very little infiltration into the soil (acting as pavement that rates low infiltration e1@&% imperviousness) | limited the
classification categories to the following lanses and estimated the FI20D En values and percent impervious valtede

assigned and related theiman equivalenSacCalc designation (assuming an averaging of the input parameters for this
demonstration)

LAND USE CATEGORY / SAGCALC EQUIVALENT Pexcent 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: 8 du/acre, LDR, School 50 0.04

Water: HighwaysParking 95 0.03
*These values are assumed for example only.

FIGUREG®G. Land Use Categiiesand AssumptiongSacramento County, 2010)

The laststeps involveditilizingt he ESRI E ArcGlI SE extension, Spati al Anal y.
training the image by creating spectral signature& mc G | frBrkfifty polygons | drew to represent samptésthe five

land use sets: Water, Open Space, Urban, Vegetation, and Landscapefully digitized the polygons, trying not to cross

into othe land use areaand make them as spectrally homogeneous as pos$teltective features, such as buildings, were
easier to |l ocate than others; therefore, Arc Gl SE Online
clearly evident inthe 38m resolution LANDSAT imagery Some features may have changed since 1999 compared to the
current imagery, so | viewed the LANDSAT composite color schemes to help distinguish land use from that time period
Then, a Dendrogram diagram was reviewed tre 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 overlagpedtral classef®r the distinct land

use categories. Finallyhe maximum likelihoodalassification tool was initiated, which classified the image into the desired
categories.However, thequality accuracyortion of the task creates more work to maleethe final products accurate.

The final classi®d layeris producedafter seveal 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 delihediedl.
classification rastecan be converted to vectpolygonfeaturesu s i ng Spat i atéerseddbmwith thes doiEdata |
and/or watershdd) and calculdhg areas would be required before imputing the da#tathe models Preparing the soll

data modifying the land use even more, such as takingeetpasses and bridges, since water would flow under thedn,
setting up thénydrologic models arbeyond the scope of thiepic; however Statistical quantitative methods to assess the
accuracy othe analysiswerecompleted as well Applying the traning sets derived from the sample area can sometimes be
applied to larger areas that have similar land use types, as | followed through on for the entire extent of the original imag
The following map illustrates thinal training site locations thateve chosen to build the spectral signatures from for each
land use category-3, which produced the best results for this analysis

FIGURE?. LANDSAT 7 Training Sites.
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ISSUES ENCOUNTERED

Giventhat he date of the LANDSAT imagery is from 1999 and the World Imagery from AfEGIBiline Service is much

more recent, some of the areas | thought were a particular land use type may not have been that wayhich39%hy |

al s o us e/dar 2D0UENdsse surveyor this testonly 1yearlater than when the satellite imagery was flowithere

was stillsomemisclassification afterhie first trial Some of the water in the river d
open space areas resembthd urban spectl statisticsand suchjput overall, | think the oebmewas still surprisingly

accurate especially the ability to automatically pick up groups of trees in the middb&mén areas It was an iterative

process to try to make the spectrainsiyire polygons better represetite various spectral possibilities for each of the land

use categories ithe study argabut the issueappeaminimal compared to the land udetailit did pick up

In classifying thefull extent of the original LANDSAT image,| noti ced t halandstapearcas gareigettinggt ur a
slightly confused as urbaand vegetationidentification since the spectral energy varies greatly between grain, pastures,
citrus and deciduous orchards, truck and field crops dher @agricultural land cover Crops may be highly reflective,
resembling urban, or patchy and green, resembling oak groves or healthy vegdtatiempted to add a sixth category to
my training classes tolassifyagricultural land uséy locatingknown pastures anéarms such as strawberry and pumpkin
patchesjn the study area and appig them to he sample area and to the large extent imageweder, the original five
categories seem to be the threshold since the new classification scheme cpmarcenore problematic classification and
confusion in the DendrogramTherefore, the five categorie§Vater Open Space, UrbarVegetation and Landscape)
remained for this study This means agridtural areas in the imagery contribute to some ofdfner of the results, shown
here in the western part of the county where agriculture is classified as a mix of vegetation, urlzersaagdased on the
energy emitted from the various crop types that match more closely with the other laypkesise
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RESULTS

The results were fairly quick and the final land use was amazingly well defirrezifinal classification is still not perfefir

this highly mixed land use arehut weighing out the time itvould take to do this manually, | am quite pleased with the
results and feel the discrepancies are minor, depending on what the information is being used for lend|wehaiccuracy

is required. The land use categories appear to follow the aeriadiyngairly well and the 30n resolution satellite imagery
doesndt seem t o be Baowlsitha fihal lmd ase cldssification Esofshe stedyg deea | analyzed:

SIG_NAME, SIG_NUM [T 1-WATER

WATER, 1 [] 2-oPEN SPACE
[ Jorenseace 2 [ 3-URBAN
URBAN, 3 [ 4-vEGETATION

) vecemation s [ s-LanDscaPE

LANDSCAPE, 5[] knownAg

1L NG REERY :';."_. F ’ . F e .g =g
FIGUREDO. Final Land Use Classificaticand Training Sets

The mina agricultural areas in there classified as a mixture Ofban,OpenSpace,Vegetation, andlandscape in this study

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

similar urbansignaturesfallow or dirt in the agricultural fields must be comparatléhe Open Spaceualities found in my

training areasoak treesand mixed agriculture patchesare representingVegetation and low growing pastures or newly

planted grainsaand grassesnay resembld.andscape. Compared to other methods of digitizing thidormation | donodt
expect it to impact typical drainage studies or floodpl a
survey or other surveys dofa the same time period would be marétable than this methodn reality, thechoices would

have to be evaluated by the engineer.
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To betterevaluate this procedure, | wantedvisuallyc o mpar e my r e s \Xehr2G00 handtUbe SDrVER fbrs
Sacramento Counpylthough they are now using satellite imagery to aid their identification proBessonally, | think this

met hod more accurately and f i ne kb generaksphensftte simikly grduged landnd u s
use below, especially the landscape aedetationclasses, although this could alsodreerrorin the grouping of thie land

use categorie§.e., Highway 50 isattributed as ¥cantUrban)in trying to matchmy groupings

[Inaac (s, V.T.R.R1G)
B -vaaTeR (Nw)

[] 2-0PEN SPACE (UV. NB)
I :-ursAN (UC. UR, UL U)
4-VEGETATION (NV, NR}
[ 5-wanoscaPe (L)

,'\Vyf,‘v':,‘w_ _Ir:f/n P )
FIGURE10.DWR O s Y e lzand U8eBudvey

The signature text file shaamhe signature means and covariance matrices that were used in the algorithms and the
Dendrogram signature evaluatiorhe final Dendogramappear to havdittle confusion between the differetand use
spectral signaturebelow. | am fairly confident that the training sites | used are well defined and can be used for more than
the study area | chose to evalubésed on the text file below:

I dendrogram.txt - Notepad
Fle Edt Format View Help

Distances between Pairs of Combined Classes
(in the sequence of merging)

Remaining Merged Between-Class
Class Class Distance

3 2.813490
H F 9

4 4.952298
2 10.203687

Dendrogram of
\docume~1\jenni fer\mydocu~1\geogld2\finalp~1\final\finald~1\sig_stats.gsq

DISTANCE

c
C
L
A
s
s

FIGURE 11. Methods Applied to Entire Image Extents.
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For additional interest, | 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 seeltltbw ehesen training sites

relate to the rest of the countyAs mentioned earlier, the agricultural areas have some issues in false classifaadian,

would require even more training for the entire extent of the image to capture all the speiztrdat that are possible
Therefore, the best outputlscations ofno agriculture but applied to a large area, the results are still quite interesting and

pleasinglyaccuratdor such a lagecoverage area @ow):

1-WATER
[ 2-0PEN sPACE

[ >-ureaN
4-VEGETATION
5-LANDSCAPE

«“Nevada County

Calaveras

Marin County

Richmond Walnut A ¥ Stockton
FIGURE 12. Methods Applied to Entir Image Extents.
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To finalize theAccuracy Assessment task for this projeise CreateError Matrix© tooli n A r ¢d@velBped by Nathan

Jennings rfate@jenningsplanet.cdmwas invoked for just the smaller study arealt was used to evaluate the overall
accuracyof the supervisedlassification based on known land use polygonsom aer i al i magery and D)
Use Surveyo compare the results td@-he 25 validation polygons used and the results of the error matvixich revealed an

impresive 92% success asown here:

FIGURE 13. Accuracy Assessmemrror Matrix.

Class 3 (Urban) has t heB0%andw8%3t2 % sfeorrd st haec cpur, tnsthi/cagoatdcintéa®s c u |
for shadows in the landscape ahd agricultural areas causing a mismatch in the spectral comparGlaiss 4 (\égetation

has the | owest pr oducer & emeofahe pdlyoasnntay be icrossirg throagh twa differ@néléagd b u
cover typesr also getting confused with the few agricultural areas in the study Sheeesome crops may produce similar

radation wavelengths as other land use types, it might be bettelassify agriculture separately and mask out the other
known types, or reduce the study area to an area with fewer land use posstimlitidss urbanized setting near the water.
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