GIS in Water Resources
Exercise #3   Solution 

Part 1.
1.1 Slope at grid cell A

Grid cell size 100m
	52.5 a
	48.4 b
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	64 d
	54.2 e
	50.2 f

	49 g
	44.7 h
	42 i


(i) standard slope function
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standard slope = 0.0532
atan(0.0489/(-0.0211)) = -66.6o  + 180 = aspect of 113.4o  
Aspect = 113.4 o
(ii)  The 8 direction pour point model


[image: image7.emf]ii)  D8 Center cell 54.2

With cells Slope

Slope 1 50.2 0.040

Slope 128 48 0.044 Direction Encoding

Slope 64 48.4 0.058 32 64 128

Slope 32 52.5 0.012 16 1

Slope 16 64 -0.098 8 4 2

Slope 8 49 0.037

Slope 4 44.7 0.095

Slope 2 42 0.086

Maximum slope to cell in direction 4


(This in an Excel Object so you can click on it to see formula's)

Note that the steepest 8 direction pour point model slope in direction 4 is:
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The neighboring cell in direction 2 is lower, but due to the diagonal distance being further the slope is less, so it is not the steepest direction.
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D8 slope = 0.095
D8 flow direction = 4
(iii)  The D( algorithm

[image: image10.emf]e0= 54.2

Facet e1 (adjacent)e2 (diagonal)Slope Angle D8slope

0-1-2 50.2 48 0.046 28.8

0-2-3 48.4 48 0.058 3.9

0-3-4 48.4 52.5 0.071 -35.3 0.058

0-4-5 64 52.5 0.151 -49.6 0.012

0-5-6 64 49 0.179 -56.8 0.037

0-6-7 44.7 49 0.104 -24.4 0.095

0-7-8 44.7 42 0.099 15.9

0-8-1 50.2 42 0.091 64.0 0.086
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The diagram above indicates the interpretation of each of the angles on the trianglular facets.  Slope was evaluated for each triangular facet using
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Angle was evaluated using
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The slope on a triangular facet is valid only if it is in the range 0 to 45(.  The facets where this occurs have angles illustrated in red above.  Facets where the slope direction resides outside the 0 to 45( are illustrated in blue above.  When the angle is outside this range the slope down one of the D8 directions needs to be selected.  This may be either the diagonal or adjacent direction, depending which is the steepest in the downslope direction.  The largest slope from all 8 triangular facets and the corresponding direction is selected as the D( slope and angle.  The yellow highlight shows the slopes from which the largest is selected.  In this case it is the slope value of 0.099 associated with the facet 0-7-8 and angle 15.9( which corresponds to 285.9( = 4.989 radians counter clockwise from east (blue highlight).  The D( slope is therefore 0.099.
Comments

The standard slope function gives, in this case, a smaller slope than the other methods and a direction more to the east than the other methods, due to it using surrounding higher elevation grid cells.  This is reasonable if the surface is smooth, and is appropriate for calculations such as radiation exposure, but for calculating the direction that water will flow I think that only lower neighboring grid cells should be used.  The D8 and D( methods only use lower neighbors.  The D( method is preferable in my (biased) opinion because it does not limit flow to one of eight directions.

1.2.  Checking with ArcGIS.  
b)  (i) Slope.  Be sure to use the percent option

The value at cell A of 5.32 % corresponds to the hand calculation of 0.0532.
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Other values are obtained similarly from identifying values in the ArcMap output. 

Table of ArcGIS computed quantities
	Cell
	A
	B

	Slope
	5.32%
	8.09%

	Aspect
	113.4
	144.1

	Flow Direction
	4
	4

	Hydrologic Slope (Percentage drop)
	9.5%
	5.5%

	D( Slope
	0.0988
	0.055

	D( direction (radians)
	4.9893
	4.712

	D( direction (degrees)
	285.9
	270


These values corresponds with hand calculations

1.3  Model Builder model to do the above.
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This tool is available on http://www.engineering.usu.edu/dtarb/giswr/2008/Ex3.tbx if you want to download and look at it.
Table of data ranges from model output using the file demo.asc

	Grid
	Minimum
	Maximum

	Aspect (-1 designates flat)
	-1
	360

	Slope
	0
	56.09o (148.8%)

	Flow Direction
	1
	128

	Hydrologic Slope (percentage drop)
	0.067%
	146.67%


Part 2.
1. Loading the Data
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The number of columns and rows are 4800 and 2580 respectively,

cell size in the N-S directions in m = 
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cell size in E-W direction must be adjusted for latitude.
cell size = 
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 where, 
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= longitude difference, use 
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=29.82° (average of top and bottom latitudes) and 
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cell size E-W = 26.8 m
Spatial reference information for the San Marcos elevation dataset DEM ‘smdem_raw’ is;
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2. Projecting the DEM
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1305 columns, 823 rows. The minimum and maximum elevations in the San Marcos elevation dataset DEM ‘smdem_raw’ as well as the projected one ‘smdem’ are shown below. The difference in min and max is due to interpolation to a coarse grid.
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3. Exploring the DEM
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4. Contours, Hillshade and Slope
[image: image27.jpg]San Marcos Topography
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The layout above uses 100 m contours and the hillshade effect associated with the DEM to illustrate the San Marcos Topography.  

5. Zonal Average Calculation

	HydroID
	USGSID
	Name
	Elevation range (m)
	Elevation mean (m)
	Slope Mean %

	330
	8172400
	Plum Ck at Lockhart, TX
	137.17
	189.99
	2.42

	331
	8171000
	Blanco Rv at Wimberley, TX
	371.76
	418.74
	5.81

	332
	8171300
	Blanco Rv nr Kyle, TX
	207.99
	288.71
	6.80

	333
	8170500
	San Marcos Rv at San Marcos, TX
	215.89
	266.11
	3.96

	334
	8172500
	Plum Ck nr Lockhart, TX
	78.42
	150.23
	1.92

	335
	8173000
	Plum Ck nr Luling, TX
	112.73
	152.98
	1.94

	336
	8172000
	San Marcos Rv at Luling, TX
	307.47
	183.59
	2.42

	337
	8173500
	San Marcos Rv at Ottine, TX
	115.67
	131.47
	2.36

	338
	 
	San Marcos Subbasin
	113.58
	115.39
	2.30


The subwatershed with highest mean elevation is Blanco above Wimberley (Note the point with the highest elevation is near the upper end of this subwatershed). The largest elevation range is found in the Blanco above Wimberley, too. The largest mean slope is noted in the Blanco above Kyle subwatershed.
6. Calculation of Area Average Precipitation using Thiessen Polygons

	HydroID
	Name
	Mean Precip (in) by Thiessen Polygons

	330
	Plum Ck at Lockhart, TX
	36.37

	331
	Blanco Rv at Wimberley, TX
	37.82

	332
	Blanco Rv nr Kyle, TX
	40.48

	333
	San Marcos Rv at San Marcos, TX
	40.48

	334
	Plum Ck nr Lockhart, TX
	36.45

	335
	Plum Ck nr Luling, TX
	36.56

	336
	San Marcos Rv at Luling, TX
	37.59

	337
	San Marcos Rv at Ottine, TX
	35.80

	338
	San Marcos Subbasin
	34.49


The highest mean precipitation is found for the San Marcos River at San Marcos and Blanco River near Kyle watersheds.  These are identical, because they are both in the same polygon.
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7. Estimate basin average mean annual precipitation using Spatial Interpolation/Surface fitting
	HydroID
	Name
	Mean Precip (in) by Tension Spline

	330
	Plum Ck at Lockhart, TX
	36.22

	331
	Blanco Rv at Wimberley, TX
	37.89

	332
	Blanco Rv nr Kyle, TX
	39.79

	333
	San Marcos Rv at San Marcos, TX
	39.66

	334
	Plum Ck nr Lockhart, TX
	35.97

	335
	Plum Ck nr Luling, TX
	36.74

	336
	San Marcos Rv at Luling, TX
	37.99

	337
	San Marcos Rv at Ottine, TX
	35.87

	338
	San Marcos Subbasin
	34.52


Blanco Rv nr Kyle, TX has the highest mean precipitation estimated from Tension Spline Interpolation. 
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I also used Natural Neighbor Interpolation
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	HydroID
	Name
	Mean Precip (in) by Natual Neighbor method

	330
	Plum Ck at Lockhart, TX
	36.56

	331
	Blanco Rv at Wimberley, TX
	37.58

	332
	Blanco Rv nr Kyle, TX
	39.24

	333
	San Marcos Rv at San Marcos, TX
	38.70

	334
	Plum Ck nr Lockhart, TX
	36.21

	335
	Plum Ck nr Luling, TX
	36.79

	336
	San Marcos Rv at Luling, TX
	37.26

	337
	San Marcos Rv at Ottine, TX
	36.18

	338
	San Marcos Subbasin
	35.07
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8.  Runoff Coefficients

The following map shows stream gages at the outlet of each subwatershed 
[image: image32.png]Thiessen Precipitation and Stream Gauges





This indicates the following subwatersheds which comprise each watershed

	Watershed
	Subwatersheds

	Plum Ck at Lockhart, TX
	Plum Ck at Lockhart, TX

	Blanco Rv at Wimberley, TX
	Blanco Rv at Wimberley, TX

	Blanco Rv nr Kyle, TX
	Blanco Rv nr Kyle, TX
Blanco Rv at Wimberley, TX

	San Marcos Rv at San Marcos, TX
	San Marcos Rv at San Marcos, TX

	Plum Ck nr Lockhart, TX
	Plum Ck nr Lockhart, TX
Plum Ck at Lockhart, TX

	Plum Ck nr Luling, TX
	Plum Ck nr Luling, TX
Plum Ck nr Lockhart, TX
Plum Ck at Lockhart, TX

	San Marcos Rv at Luling, TX
	Blanco Rv nr Kyle, TX
Blanco Rv at Wimberley, TX
San Marcos Rv at San Marcos, TX
San Marcos Rv at Luling, TX

	San Marcos Rv at Ottine, TX
	San Marcos Rv at Ottine, TX
Blanco Rv nr Kyle, TX
Blanco Rv at Wimberley, TX
San Marcos Rv at San Marcos, TX
San Marcos Rv at Luling, TX
Plum Ck nr Luling, TX
Plum Ck nr Lockhart, TX
Plum Ck at Lockhart, TX


Runoff ratio calculations are in the following spreadsheet (embedded object so you can see calculations in electronic version)

[image: image33.emf]Subwatershed Precip from Thiessen Polygons

# Name Area (m^2)

Mean Precip 

(in)

Precip 

Volume 

(ft^3)

1San Marcos Rv at San Marcos, TX 1.27E+08 40.48 4.599E+09

2Blanco Rv at Wimberley, TX 9.21E+08 37.82 3.125E+10

3Blanco Rv nr Kyle, TX 1.49E+08 40.48 5.416E+09

4San Marcos Rv at Luling, TX 9.8E+08 37.59 3.306E+10

5Plum Ck at Lockhart, TX 2.91E+08 36.37 9.485E+09

6Plum Ck nr Lockhart, TX 1.91E+08 36.45 6.241E+09

7Plum Ck nr Luling, TX 3.3E+08 36.56 1.084E+10

8San Marcos Rv at Ottine, TX 2.78E+08 35.80 8.928E+09

Watersheds

# Name Flow (cfs)

Flow Volume 

(ft^3)

Subwater-

sheds that 

comprise 

watershed

Precip 

volume 

subwater-

shed sum

Runoff 

ratio

1San Marcos Rv at San Marcos, TX 176.00 5554137600 1 4.599E+09 1.20778

2Blanco Rv at Wimberley, TX 142.00 4481179200 2 3.125E+10 0.14342

3Blanco Rv nr Kyle, TX 165.00 5207004000 2, 3 3.666E+10 0.14203

4San Marcos Rv at Luling, TX 408.00 12875500800 1, 2, 3, 4 7.432E+10 0.17325

5Plum Ck at Lockhart, TX 49.00 1546322400 5 9.485E+09 0.16303

6Plum Ck nr Lockhart, TX 56.00 1767225600 5, 6 1.573E+10 0.11238

7Plum Ck nr Luling, TX 114.00 3597566400 5, 6, 7 2.656E+10 0.13544

8San Marcos Rv at Ottine, TX 456.00 143902656001, 2, 3, 4, 5, 6, 7, 8 1.098E+11 0.13105


In the top table Precip volume is Mean precip * Area divided by 12 x 0.30482 to obtain volume in ft3.  In the bottom table Flow volume is obtained from flow in cfs by multiplying by 365.25*24*3600*3600.  The subwatersheds that comprise each watershed are identified and precip volume obtained by summing these.  Runoff ratio is then flow volume/precip volume.  

The runoff ratio for the San Marcos river at San Marcos is anomalously high due to flow from springs that originates outside the watershed.  This anomalous high flow attenuates downstream.  Plum Creek at Lockhart is also in the vicinity of where the Edwards aquifer outcrops and has a slightly higher runoff ratio so likely gets some spring contributions too.  Over all the other watersheds, runoff ratio is pretty consistent between 0.11 and 0.15, which seems about right for this region.  
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Two subwatersheds in the same polygon have identical estimated precipitation
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_1283508537.xls
Slope

		i) Standard Slope Function

		Grid size		100		m		Diagonal distance=				141.4213562373		m

				52.5		48.4		48				dz/dx=		0.048875

				64		54.2		50.2				dz/dy=		-0.021125

				49		44.7		42

												rise/run=		0.0532450115

												Slope=		0.0531947798		radians

														3.0478363764		degree

												Aspect		-1.1628219362		radians

														-66.6247892705		degree

														113.3752107295

		ii)  D8		Center cell		54.2

						With cells		Slope

				Slope 1		50.2		0.040

				Slope 128		48		0.044				Direction Encoding

				Slope 64		48.4		0.058				32		64		128

				Slope 32		52.5		0.012				16				1

				Slope 16		64		-0.098				8		4		2

				Slope 8		49		0.037

				Slope 4		44.7		0.095		Maximum slope to cell in direction 4

				Slope 2		42		0.086

				(This is an Excel Object so you can click on it to see formula's)

		iii)		e0=		54.2

				Facet		e1 (adjacent)		e2 (diagonal)		Slope		Angle		D8slope

				0-1-2		50.2		48		0.046		28.8		0.040

				0-2-3		48.4		48		0.058		3.9		0.044

				0-3-4		48.4		52.5		0.071		-35.3		0.058

				0-4-5		64		52.5		0.151		-49.6		0.012

				0-5-6		64		49		0.179		-56.8		-0.098

				0-6-7		44.7		49		0.104		-24.4		0.037

				0-7-8		44.7		42		0.099		15.9		0.095

				0-8-1		50.2		42		0.091		64.0		0.086
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Sheet1

		ncols         5

		nrows         4

		xllcorner     0

		yllcorner     0

		cellsize      100

		NODATA_value  -9999

		53		52.5		48.4		48		49

		49		64		54.2		50.2		54

		49.2		49		44.3		42		45

		48		51		39		40.8		41
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Slope

		i) Standard Slope Function

		Grid size		100		m		Diagonal distance=				141.4213562373		m

				52.5		48.4		48				dz/dx=		0.048875

				64		54.2		50.2				dz/dy=		-0.021125

				49		44.7		42

												rise/run=		0.0532450115

												Slope=		0.0531947798		radians

														3.0478363764		degree

												Aspect		-1.1628219362

														-66.6247892705		degree

														113.3752107295

		ii)  D8				With cells		Slope

				Slope 1		50.2		0.040

				Slope 128		48		0.044				Direction Encoding

				Slope 64		48.4		0.058				32		64		128

				Slope 32		52.5		0.012				16				1

				Slope 16		64		-0.098				8		4		2

				Slope 8		49		0.037

				Slope 4		44.7		0.095		Maximum slope to cell in direction 4

				Slope 2		42		0.086

				(This is an Excel Object so you can click on it to see the formulas)

		iii)		e0=		54.2

				Facet		e1 (adjacent)		e2 (diagonal)		Slope		Angle		D8slope

				0-1-2		50.2		48		0.046		28.8

				0-2-3		48.4		48		0.058		3.9

				0-3-4		48.4		52.5		0.071		-35.3		0.058

				0-4-5		64		52.5		0.151		-49.6		0.012

				0-5-6		64		49		0.179		-56.8		0.037

				0-6-7		44.7		49		0.104		-24.4		0.095

				0-7-8		44.7		42		0.099		15.9

				0-8-1		50.2		42		0.091		64.0		0.086
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flow

		Subwatershed Precip from Thiessen Polygons

		#		Name		Area (m^2)		Mean Precip (in)		Precip Volume (ft^3)

		1		San Marcos Rv at San Marcos, TX		126660000		40.48		4598625523.98716

		2		Blanco Rv at Wimberley, TX		921160000		37.82		31245950957.7584

		3		Blanco Rv nr Kyle, TX		149160000		40.48		5415529631.75371

		4		San Marcos Rv at Luling, TX		980250000		37.59		33056328337.049

		5		Plum Ck at Lockhart, TX		290770000		36.37		9485134928.48745

		6		Plum Ck nr Lockhart, TX		190860000		36.45		6240770544.2147

		7		Plum Ck nr Luling, TX		330420000		36.56		10835868309.5838

		8		San Marcos Rv at Ottine, TX		278020000		35.80		8927571491.02261

		Watersheds

		#		Name		Flow (cfs)		Flow Volume (ft^3)		Subwater-sheds that comprise watershed		Precip volume subwater-shed sum		Runoff ratio

		1		San Marcos Rv at San Marcos, TX		176.00		5554137600		1		4598625523.98716		1.20778

		2		Blanco Rv at Wimberley, TX		142.00		4481179200		2		31245950957.7584		0.14342

		3		Blanco Rv nr Kyle, TX		165.00		5207004000		2, 3		36661480589.5121		0.14203

		4		San Marcos Rv at Luling, TX		408.00		12875500800		1, 2, 3, 4		74316434450.5483		0.17325

		5		Plum Ck at Lockhart, TX		49.00		1546322400		5		9485134928.48745		0.16303

		6		Plum Ck nr Lockhart, TX		56.00		1767225600		5, 6		15725905472.7021		0.11238

		7		Plum Ck nr Luling, TX		114.00		3597566400		5, 6, 7		26561773782.286		0.13544

		8		San Marcos Rv at Ottine, TX		456.00		14390265600		1, 2, 3, 4, 5, 6, 7, 8		109805779723.857		0.13105
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