LAB 7 Introduction to Geographic Modeling

Gradient Analysis

Problem Statement:  This lab allows us to explore the distribution in environmental gradient space of mature Pinus contorta (Lodgepole Pine) growing in the Glacier View (GV) section of the Flathead National Forest of Montana.  The gradient space will be defined with two axes  – mean July temperature and soil moisture.   The soil moisture will be an index from dry to moist based on the topographic index (Beven and Kirkby).  You may write code (for extra credit) to prepare the input maps or do them in IDRISI.  If the latter is your choice, the temperature map will be created using the map calculator in IDRISI after deriving an elevation/temperature relation using regress.  The soil moisture map, which is based on the topographic index of potential soil saturation, can also be prepared in IDRISI.  Each map will need to be binned into equal interval classes.   

You are provided with: click here for data.
1. a digital elevation model of the area called GV_DEM (units = feet)

2. an EXCEL file of 17 meteorological stations in NW Montana and Southern    Alberta giving their elevation and mean July temperature, called Meteo.xls. 

3. A map of timber age and type called GVSTRU_W from which you can identify all the areas where only lodgepole pine grows. Reclass it to create LP_pine
Steps to follow:

1. From the Meteo.xls file create two separate files, one for elevation, one for summer average temperature.  In the left hand column put the weather station identifier and in the right hand column the corresponding temperature values or elevation values, depending on the file, as follows:

Elevation File

Temp File
1 
1320


1
43.2

2 
1530


2
40.1

3  
890


3
55.6

4  
680


4
58.2

2. Export each using the ‘Save As’ option with ‘space delimited text’ as the format. The files will have a ‘.prn’ extension. Change extension to ‘.avl’.

3. Run these through IDRISI’s Menu = GIS ANALYSIS ( STATISTICS (REGRESS module to find the elevation/temperature relationship (lapse rate) in the Flathead Forest region.

4. Using the Image Calculator create a map called DEMTEMP using the regression equation.

5. In IDRISI create a map of slopes in degrees (Menu = GIS ANALYSIS ( SURFACE ANALYSIS (Topographic Variables ( SLOPE) based on GVDEM_RES.  Call this DEMSLP.  Note that the ground units are in meters and the elevation values are in feet.  Convert the elevation to meters first.  You can use Menu = GIS ANALYSIS ( MATHEMATICAL OPERATORS ( SCALAR (1 foot = 0.3048 meter)

6. In IDRISI create an accumulative runoff surface using GIS ANALYSIS ( SURFACE ANALYSIS ( FEATURE EXTRACTION ( RUNOFF.  Call this file DEM_BIGA,  where A = upslope contributing area.

7. Using the map calculator calculate the potential soil saturation index for each cell using the algorithm Potential Saturation Index (PSI) = ln (A/tanß) where ß = slope, A = contributing area (derived from DEM_BIGA). The PSI is also referred to as the topographic index of soil saturation.  Call this SOILMOIS.

8. We can only analyze the area found in the Forest Cover map -- GVSTRU_W.  Create a mask based on GVSTRU_W.  1 = in area of analysis, 0 = out.
9. Mask the temperature and soil moisture maps.

10. Reclass (equal interval) each map into 20 categories representing dry to moist, and cold to warm.  Theses are indices not actual values.  Call these SMOIS_IND and TEMP_IND.
11. Explore the relation of Lodgepole pine to the terrain using ORTHO at several angles.  Do you see some correlation with terrain features?  If so, what is it?
12. Use CROSSTAB in IDRISI to explore the distribution and abundance of Lodgepole Pine versus various each environmental gradient index individually (soil moisture, temperature).  
13. Plot these in Excel.
Write a program (called GradAnal) to create a gradient plot of the abundance of mature lodgepole along the temperature and soil moisture gradient.

If you are doing extra credit do steps a –c.

14)  Define three output variables and dimension them based on the range of temperature index classes (on the x axis) and soil moisture classes index classes on the y axis.  AbsFreq(Temp,SMois),  TotFreq(Temp,SMois), RelFreq(Temp,SMois).  These are your ecological space or gradient plots.
15)  Read in GVSTRU_W(row,col), SMOIS_IND(row,col), and TEMP_IND(row,col)

16)  Go through every cell of the GVSTRU_W map looking for lodgepole pine 

17)  When you find it, consult the SMOIS_IND map and the TEMP_IND map to find out the soil  moisture and temperature indices at this location.

18)  Count up each occurrence of LP at each intersection of temperature and soil moisture (variable = LP_AbsFreq(Temp,SMois). Write out as a matrix.

19)  Calculate how many cells total of each combination of temperature and soil moisture occur (variable = CLIM_TotFreq(Temp,SMois).  Write out as a matrix.

20)  For each combination divide your absolute frequency matrix by the climatic frequency matrix (CLIM_TotFreq) in order to calculate the relative abundance (variable = LP_RelFreq).  Write out as a matrix.

To turn in:

1) A copy of lodgepole pine frequency plotted along each of the gradients. (5 pts each)
2) A hardcopy of your CODE. (This time you must include evidence of your efforts to debug your program.)  (40 pts)
3) The temperature/elevation regression graph. (5 pts)
4) Hardcopy maps of the following with title and legend: (grey scale is fine)  The gradient plots must have the axes identified.  (5 pts each)
Drainage Area (BIG_A)

Temperature (DEMTEMP) 
Potential Soil Saturation (or topographic index) (SOILMOIS)
Binned temperature map (TEMP_IND)

Binned potential soil moisture (SMOIS_IND)

The lodgepole pine absolute frequency gradient plot 

The total climatic frequency plot

The lodgepole pine relative frequency gradient plot 
6)  Answer the question:  What is the optimal gradient space for mature lodgepole pine?  Is it pretty clear?  Why or why not? (5 pts)
Extra Credit:

1) Reclass the relative frequency plot into 3 frequency classes and then see if an  optimal, medium, and poor gradient space appears. (5 pts)
2) Create a map of lodgepole pine in 100 years following a 2.5 deg. F. rise in summer mean temperature and a 10% reduction in soil moisture.  Hand in hard copy of both the current distribution map and the future. (+20 pts)
3) Everything done in code – No IDRISI (+ 30 pts)

