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In the project, we need identify the wetland areas and flow change by remote sensing images. Two kinds of images are suitable for doing research, LANDSAT TM 4-5 and LANDSAT ETM+.  The project areas are shown in Figure 1. Fourteen images are for high flows and the other fourteen ones for low flows. 
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Figure 1

1. Select Gages and Download Their Daily Discharge Data
1.1 Select Gages in Each Tile
The gages information which displays the flow situation greatly helps us to make a decision on the exact date of each desired image. 

There are 14 tiles areas which are identified by path and row of LANDSAT. The Path is the longitudinal center line of a LANDAT scene, corresponding to the center of an orbital track. The Row is the latitudinal center line of a LANDSAT scene (USGS, 2007). 
The detail ranges are P 17 R 31, P17 R 32, P 17 R 33, P 17 R 34, P 17 R 35, P 18 R 32, P 18 R 33, P 18 R 34, P 19 R 32, P 19 R 33, P 19 R 34, P 20 R 32 and P 20 R 33. 

In each tile, we select at least four gages which locate in the mainstream or its critical tributaries. Two criterions for gages we choose, one has the bigger drainages which are more than 500 m2 drainages and the other prefers the natural flow gages rather than artificial ones which have a high flow due to dam effect. In the figure 1, the green gages are natural flow gages while the red ones are artificial.  
1.2 Download the Daily Date For Gages

For identifying the ideal dates for images, we need do some statistical analysis on the daily discharge date about surface water for gages to find the higher flow date and the lower flow date in each tile. 

Downloaded website: http://waterdata.usgs.gov/nwis/  (USGS Water Date for the Nation)

Click the “Surface Water”, and “Daily Date”, check the “Site Number” to enter “USGS Surface- Water Daily Date for the Nation” page. Enter the site numbers of gages. In the USGS, the site number begin with “0” digital number. For example, if the site number is “3011020” in our GIS file which is marked down, we need put in “0” before the site number, such as “03011020” in the downloaded website.  Check “Streamflow, m³/s” item under the “Water Level/Flow Parameters” to submit the request. 

Click the site number again in search results to enter the final downloaded page (Figure 2).
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PROVISIONAL DATA SUBJECT TO REVISION

LOCATION.--Lat 42°09'23", long 78°42'56", Cattaraugus County, Hydrologic Unit
05010001, onleft bank 230  upsiream from Main Sireet bridge in Salamanca, 1.3 mi
downsiream from Great Valley Creek, and 1.6 mi upsiream from Litfle Valley Creek.
DRAINAGE AREA --1,608 m

PERIOD OF RECORD.--September 1903 to current year. Monthly discharge only for some
periods, published in WSP 1305, Prior to October 1964, published as "at Red House."
REVISED RECORDS. - WSP 1385: 1907, 1909-12, 1913(0), 1914-15, 1916-170),
1925, 1927. WSP 1907 Drainage area.

GAGE.--Water-stage recorder. Datum of gage is 1,358.00 ft above sealevel (Corps of
Engineers bench mark). Prior to Sep. 3, 1917, nonrecording gage and Sep. 4, 1917 to Sep.

30, 1964, water-stage recorder at site 7.5 mi downsiream at different datum. Oct. 1, 1964 to
Sep. 30, 1967, at present site at datum 0.04 f lower.

REMARKS. -Records good except those for estimated daily discharges, which are fair. U.S.
Army Corps of Engineers telephone gage-height telemeter and satellte gage-height and
precipitation telemeter at stafion. Several measurements of water temperafure were made during
the year
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Figure 2
Select “00060 Discharge (Mean)” for available Parameters. Choose “Tab-separated” as output format. Type all the available period data based on period of record and click “go”. Save the result data page as “Text File (*.txt)” format and named document by gage site number. Repeat these until download all gages information. 
2. Use Excel to Do Statistics for Daily Flow in Each Gage
Calculate the percentage and rank for daily flow data to show the higher flow date and lower flow date in each gage station.

2.1 Change the text file format to the Excel file format

Open the downloaded text documents with Excel and save them as Excel format.

2.2 Calculate the percent and rank for daily discharge data.

Click the “Add-in” under Tools in the main tool bar. Check “Analysis Toolpak” to add “Data Analysis Tool” under Tools. Click “Data Analysis …” and select “Rank and Percentile”, click OK.  Select the flow data column as input range and new worksheet for output place, click OK (Figure 3). A new worksheet has been automatically created (Figure 4).
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Figure 3
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Figure 4

2.3 Calculate the responded date for each percent and rank 
Create a new column named “Date” for new result worksheet. Use the below formula to calculate the date.

“= index (‘original worksheet name’! C$3:' original worksheet name’'!C$ number of records, A2)”

For example:

= INDEX('03016000'!C$3:'03016000'!C$23549, A2)

After getting results, right click the data column and select “format cell”. Click Date Category to change displaying format as the shown in Figure 5. 
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Figure 5

2.4 Do preparation for build-up the Access database
Delete all error items from new worksheet and only keep the value of worksheet without formula by copying and using pasting special. 
Change the new worksheet name with the gage site number and add “.org” for the original worksheet. (Figure 6)
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Figure 6

3. Available Images
3.1 Search images

Before ordering the images from USGS, we need query the available images from its on-line database.

Log in the Earth Explore: http://edcsns17.cr.usgs.gov/EarthExplorer/
After logging in the browse system, only check “LANDSAT 4-5 TM (July 1982 - present)” and “Landsat 7 ETM+ (June 1999 - May 2003)” two databases to enter search criteria page (Figure 7). Select “Find the first 1000 records”. 
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Figure 7
Input start date from “January 1, 1982” to “December 31, 2007”. Click “Additional Search Criteria”, and then input the certain path number and row number for each tile, select “Less than 10%” for image cloud cover and keep other default to identify the special requirement. (Figure 8)
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Figure 8 

After input search criteria, click “Search”. Save results named it by the path’s number and row’s number in the certain tile.

3.2 Make a List about the Available Image in Excel. 

Click the Data Set name in results summary and browse the results. Copy all the records into Excel to create the raw images list document. (Figure 9)
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Figure 9
3.3 Create New Excel to Prepare Build up the Access database

Copy the column named “Acquisition Date” to new file and renamed its column name as “Available Date”. Also create another new column named “Source”.  Input the source type, such as TM 4-5 or TM ETM+. (Figure 10)
Because the price of TM 4-5 is $425 while TM ETM+ image’s price is $600, it  prefers the TM 4-5 images when it is as good as TM ETM+ image. 
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Figure 10
4. Set Up the Access Database to Merge the Flow Information,  Available Image Date and Image Source

We separately build up Access database for each tile. There are 14 access databases we need set up.  Use the Path 20 Row 32 area (P 20 R 32) as an example to illustrate how to merge information. 
4.1 Import the Excel Worksheets 
Open Microsoft Access, Click “new” and then Click “Blank Database”. Click “File->Get External Data -> Import..” 

In the P 20 R 32, there are three gages stations. Import the percent and rank Excel files which created in Part 2.4 and available image list documents set up in Part 3.3. (Figure 11)
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Figure 11
4.2 Rename the gage sheets.
Select each gage worksheet and click [image: image12.png]Microsoft Access EFX




 to rename the “percentage” as “P_” plus the gage ID and “Column1” as “F_” plus the gage ID.  Such as “P_03219500” for the percentage in 03219500 gage and “F_03219500” for the real flow value in 03219500 gage. 
4.3 Build up a Query 
Click “Queries” in left Object list and “New” to set up a new query. A window named “Show Table” is prompted up. And select all the items to add. Delete all connections by ID. 

Reconnect all the gage sheets to the “P 20 R 32” which shows available images. Draw a line from “Available date” in the “P 20 R 32” to “date” item in each gage document. Right click these lines, select “Join Properties” and check the second option (Figure 12). 
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Figure 12

Join the desire items into new table, such as “Source”, “Available Date”, “P_03219500”, “F_03219500” …as the Figure 13.
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Figure 13

4.4 Export the New Relationship Tables 

Click the “Make-Table Query” under “Query” in the main toolbar to type the new table name it “Join_p20r32”. And then click “run” to create the new table. 

Close the Query window. Select the “Join_p20r32” and click the “export” under the “File” in the main tool menu.  And then choose Excel as the save type. Repeat these steps again until finish creating 14 new Excel summary documents for available images list.

5. Statistical Analysis to Find the Higher Flow Images and Lower Flow Images 

Open the new Excel summary documents, such as “Join_p20r32”. Add one column named “Sum” which adds all the percentage of gages’ flow together. Sort the table by “sum” in the “Descending” method to find the first top three items and the bottom three items as the candidate images. 

6.  Make Final Images Choice Table 
6.1 The Criteria for candidate images

6.1.1 The Image Clouds Cover Free or Few Clouds

Due to different atmospheric situations, some parts of images are covered by clouds and their shadows. Clouds will make the image lose some critical terrain information. Therefore, checking whether the available images are cloud free or few clouds is important task. It is the first principle. 

6.1.2 The Percentage of Each Gage in Low Flow Date is Less than 20 Percent

For detecting the wetland, the gaps between high flow and low flow are as large as better. 
6.1.3 The Date of the Low Flow is Close to the Date of the High Flow
Because the river channels may be greatly changed due to a big flooding and a long time gap, we prefer choose the date of low flow which happens a little earlier than  the high flooding date. 

6.1.4 Prefer the TM 4-5 to TM ETM + in the Similar Flows Situation 

6.2 Review Image 
6.2.1 Make Preview Image Documents for Clouds Free and Few Clouds Images
In the Part 2, we have already automatically got the available images list from the USGS images research system.  But in the image clouds cover parameter part, USGS just can exclude cloud cover more than 10% images. So we still need review candidate images found in Part 5 and make sure them clouds free or few clouds.  For example, in P 20 R 32, the highest flows image is very cloudy while the third highest flows image is few clouds. (Figure 14) 
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                Rank 1 High Flow                                              Rank 3 High Flow 
                                                             Figure 14

Thus, we make image preview documents about candidate available dates with image source for all tiles.  In some cases, all the images in the first three high dates are very cloudy and not acceptable for the project. So we continue finding at least one day is cloudy free or few cloud from other higher flow time.  For the low flow images, follow the same idea as the high flow ones. 

6.2.2 Combine Clouds Free and Few Clouds Images with Their Flow Information
For better presenting the situation, we create a new Excel File to combine Clouds Free and Few Clouds Images. (Figure 15)
[image: image17.png]E2 Microsoft Excel

choice.xls

Fle Edt View Insert Format Toos Data Window Hep o8 x
HESRY Y BAE-T @=-8l% @ ww -0,
Arid 10 -/BZU @ 5%
KBS - A
A B [ D E G H J K L M N ] P Q R s
1 P 20R 32
2
3 High Flooding
4 Selection SOURCE Available Date P_03265000 F_03265000 P_03269500 F_03269500 P_03219500 F_03219500 Sum PaSum  Average
5 TM 45 124372001 0.867 780 0,801 925 095 2310, 2718 1.817 0.908
B TM 45 2/18/2001 0.791 471 o071 511 0912 1540 2413 1.703 0.804333
7
8
9 Rank3: TM45 12/3/2001 Rank 6: TM45  2/18/2001
10
i reh results, P w Imag andsat ly 1983 t) search P
12 ¢ " .
138 & ) % %
11| P ik Y 7 , §
15 i
16 | RS A . B
17| [ g § 3 A
B ~ X ».:‘ o -
19 i L
2 2 ot X S





Figure 15

6.2.3 Image Choice Presentation Table
After getting a file in Part 6.2.2, we discuss the final candidate images based on the criteria on the Part 6.1 and make an image choice presentation table, including priority, image source, date, range of flow, average flow and number of gages in each tile. (Table 1)
6.2.4 Image Order Table

After making a decision about which images project need, we submit an image order table to USGS staff for ordering images with requirement information, including level of correction, number of path and row, number of shift, output format, processing system, file format, image orientation, pixel size, resampling technique, map projection and horizontal datum. (Table 2)

So Image Process has been successful finished!

	 
	High Flow
	Low Flow

	Tile
	Priority
	Source
	Date
	Low %
	High %
	Average %
	Cloud Status
	#Gages
	Priority
	Source
	Date
	Low %
	High %
	Average %
	Cloud Status
	#Gages

	P 17 R 31
	1
	TM 4-5
	4/15/1994
	98.70%
	98.70%
	98.96%
	Few Clouds
	5
	1
	TM ETM +
	9/12/1999
	0.30%
	17.90%
	7.80%
	Few Clouds
	5

	P 17 R 32
	1
	TM4-5
	5/20/1995
	76.70%
	97.30%
	89.72%
	Clouds Free
	5
	1
	TM ETM+
	9/12/1999
	2.60%
	5.80%
	3.78%
	Clouds Free
	5

	 
	 
	 
	 
	 
	 
	 
	 
	 
	2
	TM4-5
	9/12/2002
	0.40%
	9.20%
	5.38%
	Few Clouds
	5

	P 17 R 33
	1
	TM 4-5
	5/20/1995
	91.80%
	98.50%
	95.97%
	Few Clouds
	6
	1
	TM 4-5
	11/12/2001
	2.90%
	6.40%
	4.17%
	Clouds Free
	3

	P 17 R 34
	1
	TM 4-5
	3/2/2007
	94.20%
	99.80%
	98.20%
	Clouds Free
	4
	1
	TM 4-5
	11/12/2001
	2.30%
	3.80%
	3.10%
	Clouds Free
	4

	P 17 R 35
	1
	TM 4-5
	3/2/2007
	96.70%
	99.60%
	98.55%
	Clouds Free
	4
	1
	TM 4-5
	11/12/2001
	1.70%
	3.40%
	2.18%
	Clouds Free
	4

	P 18 R 31
	1
	TM 4-5
	4/4/2005
	96.80%
	99.70%
	98.07%
	Clouds Free
	3
	1
	TM 4-5
	7/14/1995
	2.00%
	8.80%
	5.80%
	Few Clouds
	3

	P 18 R 32
	1
	TM 4-5
	4/4/2005
	94.70%
	98.40%
	96.60%
	Clouds Free
	6
	1
	TM 4-5
	9/11/1999
	2.60%
	23.70%
	8.12%
	Few Clouds
	5

	P 18 R 33
	1
	TM 4-5
	4/4/2005
	89.50%
	98.10%
	95.38%
	Clouds Free
	6
	1
	TM 4-5
	9/20/1985
	3.90%
	42.20%
	14.92%
	Clouds Free
	9

	P 18 R 34
	1
	TM 4-5
	4/4/2005
	94.00%
	97.70%
	96.36%
	Few Clouds 
	5
	1
	TM 4-5
	10/23/1997
	0.80%
	14.70%
	8.24%
	Few Clouds
	5

	P 19 R 32
	1
	TM ETM+
	4/5/2000
	74.00%
	99.10%
	89.83%
	Clouds Free
	4
	1
	TM ETM+
	9/26/1999
	0.20%
	15.00%
	6.95%
	Clouds Free
	4

	 
	2
	TM 4-5
	3/22/1986
	83.40%
	92.70%
	87.92%
	Clouds Free
	5
	2
	TM 4-5
	9/8/1984
	6.70%
	23.50%
	15.04%
	Clouds Free
	5

	P 19 R 33
	1
	TM ETM+
	4/5/2000
	93.50%
	99.10%
	95.43%
	Clouds Free
	7
	1
	TM ETM+
	9/26/1999
	0.70%
	13.30%
	6.02%
	Clouds Free
	6

	 
	2
	TM 4-5
	3/22/1986
	72.00%
	88.60%
	79.02%
	Clouds Free
	6
	2
	TM 4-5
	9/23/2001
	4.00%
	8.80%
	8.29%
	Clouds Free
	7

	P 19 R 34
	1
	TM 4-5
	4/10/1987
	91.40%
	99.70%
	94.63%
	Clouds Free
	4
	1
	TM 4-5
	9/8/1984
	2.40%
	18.80%
	11.63%
	Clouds Free
	3

	P 20 R 32
	1
	TM 4-5
	12/3/2001
	86.70%
	95.00%
	90.60%
	Few Clouds
	3
	1
	TM 4-5
	9/25/1999
	2.00%
	8.60%
	4.97%
	Clouds Free
	3

	P 20 R 33
	1
	TM 4-5
	2/23/1991
	83.40%
	92.20%
	87.83%
	Clouds Free
	3
	1
	TM 4-5
	9/25/1999
	0.80%
	3.60%
	2.20%
	Clouds Free
	2


Table 1
	 
	High Flow Image
	Low Flow Image
	Level of 
	Shift
	Output
	Processing
	Format
	Image
	Pixel
	Resampling
	Map Projection
	Horizontal

	Tile
	Priority
	Source
	Date
	Priority
	Source
	Date
	Correction
	 
	 
	System
	 
	Orientation
	Size
	Technique
	 
	Zone
	Datum

	P 17 R 31
	1
	TM 4-5
	4/15/1994
	1
	TM ETM +
	9/12/1999
	Systematic
	0
	FTP
	NLAPS
	GeoTiff
	MAP
	30/60/15
	NN
	UTM
	17
	NAD83

	P 17 R 32
	1
	TM4-5
	5/20/1995
	1
	TM ETM+
	9/12/1999
	Systematic
	0
	FTP
	NLAPS
	GeoTiff
	MAP
	30/60/15
	NN
	UTM
	17
	NAD83

	P 17 R 33
	1
	TM 4-5
	5/20/1995
	1
	TM 4-5
	11/12/2001
	Systematic
	0
	FTP
	NLAPS
	GeoTiff
	MAP
	30/60/15
	NN
	UTM
	17
	NAD83

	P 17 R 34
	1
	TM 4-5
	3/2/2007
	1
	TM 4-5
	11/12/2001
	Systematic
	0
	FTP
	NLAPS
	GeoTiff
	MAP
	30/60/15
	NN
	UTM
	17
	NAD83

	P 17 R 35
	1
	TM 4-5
	3/2/2007
	1
	TM 4-5
	11/12/2001
	Systematic
	0
	FTP
	NLAPS
	GeoTiff
	MAP
	30/60/15
	NN
	UTM
	17
	NAD83

	P 18 R 31
	1
	TM 4-5
	4/4/2005
	1
	TM 4-5
	7/14/1995
	Systematic
	0
	FTP
	NLAPS
	GeoTiff
	MAP
	30/60/15
	NN
	UTM
	17
	NAD83

	P 18 R 32
	1
	TM 4-5
	4/4/2005
	1
	TM 4-5
	9/11/1999
	Systematic
	0
	FTP
	NLAPS
	GeoTiff
	MAP
	30/60/15
	NN
	UTM
	17
	NAD83

	P 18 R 33
	1
	TM 4-5
	4/4/2005
	1
	TM 4-5
	9/20/1985
	Systematic
	0
	FTP
	NLAPS
	GeoTiff
	MAP
	30/60/15
	NN
	UTM
	17
	NAD83

	P 18 R 34
	1
	TM 4-5
	4/4/2005
	1
	TM 4-5
	10/23/1997
	Systematic
	0
	FTP
	NLAPS
	GeoTiff
	MAP
	30/60/15
	NN
	UTM
	17
	NAD83

	P 19 R 32
	1
	TM ETM+
	4/5/2000
	1
	TM ETM+
	9/26/1999
	Systematic
	0
	FTP
	NLAPS
	GeoTiff
	MAP
	30/60/15
	NN
	UTM
	17
	NAD83

	P 19 R 33
	1
	TM ETM+
	4/5/2000
	1
	TM ETM+
	9/26/1999
	Systematic
	0
	FTP
	NLAPS
	GeoTiff
	MAP
	30/60/15
	NN
	UTM
	17
	NAD83

	P 19 R 34
	1
	TM 4-5
	4/10/1987
	1
	TM 4-5
	9/8/1984
	Systematic
	0
	FTP
	NLAPS
	GeoTiff
	MAP
	30/60/15
	NN
	UTM
	17
	NAD83

	P 20 R 32
	1
	TM 4-5
	12/3/2001
	1
	TM 4-5
	9/25/1999
	Systematic
	0
	FTP
	NLAPS
	GeoTiff
	MAP
	30/60/15
	NN
	UTM
	16
	NAD83

	P 20 R 33
	1
	TM 4-5
	2/23/1991
	1
	TM 4-5
	9/25/1999
	Systematic
	0
	FTP
	NLAPS
	GeoTiff
	MAP
	30/60/15
	NN
	UTM
	16
	NAD83


Table 2

PAGE  
1

