Name ______________________

Exercise 19 Kriging
Objective: Learn to use Kriging Interpolation step by step
Task: This exercise is to interpolate ozone level surface in California. You will use Raster operations available in ArcGIS Geostatistical Analyst Extension.

Steps:
1. Start ArcMap. Open “Ex18.mxd” and save it as “Ex19.mxd”.
2. Point the mouse pointer to the toolbar area. Right click the mouse. Check Geostatistical Analyst to activate it. A new toolbar Geostatistical Analyst will be added.
3. At this point, the Geostatistical Analyst extension has yet been loaded. Expand Tools…Extensions…. Check Geostatistical Analyst.
4. Expand Geostatistical analyst. Click Geostatistical wizard. The Choose Input Data and Methods dialog box contains a group of interpolation methods, including IDW and Kriging. 

5. Click Kriging. Set Input Data to ca_ozone_pts. Set Attribute to OZONE. Click Next to the Geostatistical Method Selection dialog box. By default, Ordinary Kriging and Prediction Map will be selected.
· How many interpolation methods available? _________________

· They are: 

6. To know more about each method as well as the outputs of each. Click the question mark [image: image1.bmp] at the right top corner of the window, and then point to the list of method.
7. Click Next. In the Semicovariogram/Covariance Modeling dialog box, there are three display areas. The upper left one is the Semivariogram/Covariance plot while the bottom left one is the Semivariogram/Covariance surface. Let’s just examine the Semivariogram/Covariance plot.
· X axis? _________________

· Y axis? _________________

· What does the semivariogram tell us with regard to the relationship between spatial distance and attribute difference? Discuss below:

8. At the right side of the dialog box is the Model fitting area. The default values:

· Model function type? _________________

· Range? _________________

· Sill? _________________

· Nugget? _________________ 
· Lag size? _________________

· Number of lags? _________________

9. Here you will use the defaults for all parameters. Click Next to Search Neighbors dialog box. One left side is a Preview window, which displays the neighbors that a crosshair location uses for prediction. The red points are going to be weighted more than green points since they are closer to the crosshair location. Using these neighboring points, along with the model fitted in Step 8, you can predict the value for each unsampled location. 

10. Move the crosshair location by moving and clicking the mouse pointer at the location you want to examine. Notice the space is divided into four sections.
· Are they any other way available to divide spaces? _________________

· How many? _________________

· How many points are normally included in each sector? _________________

11. Do not change any defaults. Click Next to Cross Validation dialog box. The four charts and the prediction errors can provide us some ideas how “well” the models predict the unknown locations. Take a look at each of them.
12. Click Finish to apply the model. The Output Layer Information window gives the summary of the model that is going to be used.
13. Click Ok. A predicted ozone surfaces will be added to the map.

· Any patterns in ozone distribution? Discuss below
14. Move ca_ozone_pts layer to be the first in the TOC.

15. Next, instead of using the default parameters, you will learn to set more appropriate values.
16. First let’s explore the data more closely using some exploratory tools available at the Geostatistical Analyst extension.

17. Expand Geostatistical analyst…Explore data. Click Histogram. A Histogram window will show up. Set Layer to ca_ozone_pts. Set Attribute to OZONE.

· Mean? ​​​​​​​​​​​​​​_____________

· Median? ​​​​​​​​​​​​​​_____________

· Skewness? ​​​​​​​​​​​​​​_____________

· What’s your best guess of the data distribution? _____________
18. Kriging produces the best results when data fits the normal distribution. The histogram in display appears to be normal except that they are relatively larger number of large data values as suggested by the right tail of the histogram. Click right-most bar (range from 1.63 to 1.75 ppm), the corresponding sample points in the map will be highlighted. This technique is called dynamic linking. 
· Where are these sample points located? ​​​​​​​​​​​​​​_____________

19. Clicking any other bar, you can explore the locations of sample points in each bar. Close the dialog box. Also clear the selected features n the map.
20. Expand Geostatistical analyst…Explore data. Click Normal QQPlot. A Normal QQPlot window will show up. Set Layer to ca_ozone_pts. Set Attribute to OZONE.

21. Normal QQPlot provides us another way to examine the normality of a data distribution. The closer the points are to the straight line, the closer the distribution is to be normal.
· What’s your best guess of the data distribution? _____________

· Which parts of the data are likely to depart from to being normally distributed? ________________

22. Close Normal QQPlot.
23. Next you will explore the data to decide if there is a trend in your data or not. Usually, Kriging (Ordinary) needs to remove the trend and model only the residuals.
24. Expand Geostatistical analyst…Explore data. Click Trend Analysis. A Trend Analysis window will show up. Set Layer to ca_ozone_pts. Set Attribute to OZONE.

25. Let us closely explore the 3D plot. Uncheck Projected Data and Sticks. Zoom in a little bit so you are able to examine 3D plot clearly. Click Trend on Projections. Notice you can change the colors and sizes of trend lines. There are two trend lines, one for X axis (East-West direction) and Y axis (North-South direction) each. A flat line indicates no trend at that direction. Apparently, at both directions there are strong trends.

26. Click Rotate Project scroll bar [image: image2.png]


 (the above one) until the rotation angle reaches 30 degree. [image: image3.png]Raotation Angles
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 This enables you to observe the East-West trend more clearly.
· East to West (XZ plane), the shape of the trend line? ______________

· What does this mean? ____________________

27. The E-W trend line should exhibit “U” shape, which suggests a second-order polynomial function is the best-fitting function. This means from E-W, the ozone level increases first and then declines once it reaches at a peak. 
28. Also notice the trend along North-South is close to a straight line. Suggest that the N-S trend is first-order. In fact together, the trend is northeast-southwest.
· What is your best guess on the reason behind this trend? ____________________

29. Close the dialog box.
30. Next you will examine the spatial autocorrelation effects in the sample data.

31. Expand Geostatistical analyst…Explore data. Click Semivariogram/Covariance Cloud. A Semivariogram/Covariance Cloud window will show up. Set Layer to ca_ozone_pts. Set Attribute to OZONE.

32. Semivariogram/Covariance Cloud allows you to examine the relationship between spatial distances and attribute (ozone level) differences.
· X axis? ______________
· Y axis? ______________

33. Each point in the plot represents a pair of sample points. Use mouse pointer and click a single point in the plot, the corresponding the pair of sample points will be highlighted in the map with a line connecting them. In fact, you can drag a rectangle to select multiple points in the plot. 

34. Select all the points in the plot with semivariogram larger than 5400 (see below).
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· Where are the highlighted sample points located? ______________

· Does this selected sample points reflect positive spatial autocorrelation? _________

· What would be your best guess on the reason behind this? Discuss below:
35. You can change the values for Lag Size and Number of Lags. The combination of these two parameters can be used to determine the strongest positive relationship between spatial distances and attribute differences.

36. Set Lag Size to 12000 and Number of Lags to 10. Notice that you can observe easily a positive relationship between spatial distances and attribute differences. The larger the spatial distances, the larger the attribute differences. Thus positive spatial autocorrelation.

37. Increase Number of Lags to 12. Notice that the attribute differences decreases with distances. Suggests beyond distance 12*10000 = 120 KMs, the spatial autocorrelation is not as significant.
38. Next you will examine if there are directional effects in your data. If so, it might impact significantly your interpolation accuracy without considering them.
39. Check on Show Search Direction. A directional pointer will be added on the preview surface (see below).
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40. Only the sample points within this directional pointer face (also within the bandwidth) will be drawn on the semivariogram plot. You can click and move this pointer as well as changing its bandwidth size either by typing numbers or drag points on the edge of the directional pointer face.
41. Close the dialog box. Clear all selected features in the map.
42. You can also try Geostatistical analyst…Explore data…Voronoi Map. This gives the proximity polygon interpolation.

43. Next you will try to set your own parameter values in order to create a better prediction surface of ozone level.

44. Expand Geostatistical analyst. Click Geostatistical wizard. The Choose Inut Data and Methods dialog box will show up. 

45. Click Kriging. Set Input Data to ca_ozone_pts. Set Attribute to OZONE. Click Next to the Geostatistical Method Selection dialog box. By default, Ordinary Kriging and Prediction Map will be selected.
46. In Step 27, you have found out that there is a second-order polynomial trend at northeast-southwest direction. Before continuing, you want to remove this trend. Set Order of Trend Removal to Second.
47. Click Next. An additional step Detrending is added. This northeast-southwest direction trend is mapped as a surface. 
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· Once again, what would be your best guess on the reason behind this Northwest and Southeast trend? Discuss below:

48. Click Next to the Semicovariogram/Covariance Modeling dialog box. Here you will determine the best-fitting model (yellow line) that passes through all the points in the semivariogram. By default the optimal parameters for spherical semivariogram model is calculated and applied in the dialog box. 
49. In order to reduce the number of points drawn, lags are used. Notice that there are fewer points in this semivariogram plot than semivariogram cloud you worked on in Step 33.
50. Next you will change the lag size and number of lags. 

51. Set Lag Size to 12000, Number of Lags to 10. By default the optimal spherical model will change as well.

· Range? _________________

· Sill? _________________

· Nugget? _________________

52. By reducing the lag size, you will be able to model spatial variation at local level, which is close to the spatial scale where there exists strong positive spatial autocorrelation. The new model rises sharply and then levels off. The flatting out of the semivariogram indicates that there is no or little spatial autocorrelation beyond the range.

53. Let’s take a closer look at the elements in this Semicovariogram/Covariance Modeling dialog box. Below gives an overview of this dialog box.
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54. Color scale gives a direct link between the semivariogram plot and surface. The value of each cell in the semivariogram surface is color-coded, with green and blue for lower values and orange and read for higher values.
55. Remember in Step 27 and 41, you have found out that there are directional effects in the data. Directional effect is called Anisotropy. Next you will deal with this.

56. Check on Show Search Direction. Notice the reduction of the number of points in display. This is because only the points in the direction of search are drawn.
57. Move the search pointer and change its bandwidth if necessary along Northwest direction by moving the middle edge point. Notice that the model is better fitted with the points in the semivariogram plot.
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58. To actually account for this directional effect, check Anisotropy. This way, an anisotropic semivariogram model is calculated.

· Major Range? _________________

· Minor Range? _________________

· Direction? _________________

· What does this mean? ______________________

59. Below gives an overview of the key parameter for this fitted model.
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60. Click Next to the Search Neighbors dialog box. In this dialog box, you will decide which neighbors to be used for prediction. Below gives an overview of the key parameters in this dialog box.
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61.  Since the model we decided in Step 57 is anisotropic. The neighborhood is ellipse instead of circle. To avoid directional bias, the ellipse (or circle) can be divided into multiple sections. Each includes at least equal number of points as specified in Neighbors to Include, which you can change. Use [image: image11.bmp] for the Shape Type. Set Neighbors to Include to 5 and Include at Least to 2. 
62. In the preview window, you notice that each section of the ellipse include 5 sample points. Each is color coded, with red represents the points accounting for 10% of the total weights. These sample points (with known ozone level) are then used to predict the ozone level at the center of the ellipse.

· In general (except the cases when prediction locations are at the edge), how many sample points are used? _________________

· What spatial pattern do you observe in the color code of all the points? Discuss below:
63. Click another location in the preview window. The points for this prediction location will be drawn with similar color code. Also notice that X, Y coordinates for the center are updated in X and Y. In fact you can type in X, Y coordinates. You can also define your own search shape (instead of the default one) in this dialog box. Last, you should remember, for each prediction point, the weights are estimated separately, but with the same semivariogram model.
64. Click Show Weights button, you can look at the weights applied to each sample point.

65. Click Next to the Cross Validation dialog box. This is the last step before the actual prediction process begins. In this dialog box, you can evaluate how well the model predicts the unmeasured locations. Below are the major elements in this window.
[image: image12.png]Cross-validation
Line of best fit scatter plot 1:1 Line

g I3 9 0 [Ed 152 174
Measure, 101

Regesinfurcion___078%¢+ 0022

~Frccien s
s s | [ % TV [ Vieswed [ rsdned 1]
Foaen s o | [ves 6D ST 005
v St e i | [ve 2 T
e Sndized amsrt | [ver Zem w0 00is o

Fotbicon qiae Sundadisd. 15335 e e oED  oonis

Zmam iz oEm oo

Sarples 930152 Ve L
i E N R -
< | _I"
S G vaitai. | | Carce
Summary Results from
statistics cross-validation

exercise




66. If “Line of Best Fit” overlaps well with “1:1 Line” (dish line), this means your model performs perfectly. Beside this, there are also some summary statistics that can help you assess the model performance.
· Mean:
_____________

· Root-Mean-Square:
_____________

· Average Standard Error:
_____________

· Mean Standardized:
_____________

· Root-Mean-Square Standardized:
 _____________

67. If Mean is close to 0, Root-Mean-Square and Average Standard Error are small, Root-Mean-Square Standardized is close to 1, then your model perform well.
· Is your model well-performed? _________________

68. This dialog box also includes a table that shows the similar error measurements for all the sample points. The Predicted plot is the scatter plot with measured against predicted. The difference between measured and predicted values for each sample point is plotted in the Error plot. If you model works perfectly, the line of best fit should overlap with zero line.

69. Standardized error in Standard Error plot. The standard error is also plotted in a scatter plot (QQPlot) to check the normality (or the lack of normality) in the prediction error. These four plots are dynamically linked to the error table. Select a record in the table, the corresponding point will be highlighted as well in the plots.
70. You can even click Save Cross Validation… to save the error table for future reference.

71. Click Finish to the Output Layer Information window. Click Ok to start the process. The predicted ozone map will be added to the map.
72. Change the layer name to “Trend Removed”. Then right click it, click on Create Prediction Standard Error Map to create a standard error surface to show the quality of prediction in each location. Name this newly-added layer to Trend Removed – Standard Errors.
· Patterns of ozone level?
_____________

· Is it better than all the ozone service that you created before?_____________

· In which area the prediction is more reliable? And why? _____________

· In which area the prediction is less reliable? And why? _____________

73. Notice the output surface covers the exact extent of ca_ozone_pts layer, even including the sea. Next you will create a surface covering exactly the California State.

74.  Right click Trend Removed layer, click on Properties. In the Properties window, click on Extent tab. Set Set the extent to to the rectangular extent of ca_outline.  Click Ok to close Properties window.
75. Next you will clip this new surface with ca_outline. Right click Layers in TOC and then click Properties. Click on Data Frame tab. Check Enable to enable Clip to Shape. Click Specify Shape. Select Outline of Features. Set Layer to ca_outline and Features to All. 

76. Click Ok and Ok again. You will get the updated ozone surface that covers the entire California State.






