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Improve Interpolations to Map Temperature 

Time: 30 minutes  

Overview  

With a set of sample temperature measurements, you can interpolate temperature values over an 

entire area to predict temperatures in unsampled locations. You can use geostatistics to make this 

interpolation, but the results will not be very accurate if you do not have enough sample locations.  

In this exercise, you'll create a temperature map for California's Sierra Nevada mountain range. 

Then, you'll try the following two methods to improve the map's accuracy:  

First, you'll add more sample points. How does the accuracy of your prediction improve when you 

use data collected by 84 measurement stations compared to 65? 

Second, you'll add a second variable. Can you create better predictions of temperatures in the 

mountains when you incorporate elevation data into the calculation?  

Note: The Geostatistical Analyst license is required to complete this lesson. 

In this lesson, you will learn to do the following: 

• Map predicted temperatures. 

• Create an elevation surface. 

• Predict temperatures using temperature and elevation data. 

• Mask unreliable parts of the prediction map. 

Explore the data 

1. Download the ImproveInterpolations project package. 

2. Locate the downloaded file on your computer. Double-click ImproveInterpolations.ppkx to open it in 

ArcGIS Pro. 

Note: If you don't have ArcGIS Pro or an ArcGIS account, you can sign up for an ArcGIS free trial. 

https://www.arcgis.com/home/item.html?id=1de3c5aede484dc4af996313eb06193c
https://www.esri.com/en-us/arcgis/trial
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The 65 points shown on the map represent weather stations throuhgout the Sierra Nevada mountain 

range. They are symbolized to represent their maximum temperature measurements taken in July, 

ranging between 59 and 105 degrees F. 

From this map, it's difficult to recognize any spatial patten in the temperature values. This may be due to 

large differences in elevation in the study area. 

Interpolate temperature using 65 points 

Kriging is a geostatistical method that can predict values for locations where no data has been collected. 

You'll use it to create a continuous map of predicted temperatures in the Sierra Nevada. 

1. On the ribbon, on the Analysis tab, in the Tools group, click Geostatistical Wizard. 
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2. Under Geostatistical methods, choose Kriging / CoKriging.  

3. If necessary, under Input Dataset 1, for Source Dataset, choose temp_max_65. For Data Field, choose 

temperature. 

  

4. Click Next.  

5. Under Ordinary Kriging, choose Prediction and click Next. 

Ordinary kriging is the oldest form of geostatistics. Prediction will create a surface that estimates the 

temperature. 

The Semivariogram/Covariance Modeling page appears. Kriging works on the assumption that things 

that are closer together are more similar than things that are farther apart. But at some distance, this 

relationship stops having an effect. Once something is far enough away, it is no more different than 
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things that are very far away. A semivariogram models this relationship and you can change parameters 

in this page to alter the model.  

One of these parameters—Major Range—is the distance where autocorrelation is assumed to no 

longer exist. On the Semivariogram graph, this is the point where the blue Model line flattens out 

around 2.675. 

6. For Major Range, click the button next to the field to make the parameter editable. 

 

7. Change Major Range to 134,000. 
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Now the model line flattens at an earlier point. By giving the model a smaller range, you are saying 

that you don't expect temperature samples beyond 134 km to have a large influence. 

Note: You can read more about semivariograms in the ArcGIS Pro help topic. 

8. Click Finish. In the Method Report window, click OK. 

A new layer is added to the map. It is a surface of predicted maximum temperature values generated 

from the 65 sample points. 

 

https://pro.arcgis.com/en/pro-app/help/analysis/geostatistical-analyst/semivariogram-and-covariance-functions.htm
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The temperature is coolest along the ridgeline of the mountain range. The northeast and southwest 

corners of the map contain unusual patterns, because there is no source data for those areas. How 

reliable do you think the temperature predictions are along the mountain range? 

9. In the Contents pane, click the Kriging layer to select it and press F2 on the keyboard to make the name 

editable. Rename the layer Kriging 65.   

10. On the Quick Access Toolbar, click the Save button. 
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A dataset of 65 points is not very large, especially for such a large area with such a wide range of 

temperatures. If you don't have a large enough sample size, kriging may produce unstable results. You 

may need to collect more data. 

Interpolate temperature using 84 points 

Next, you'll repeat the kriging process with a larger dataset to see if you can get better results. 

1. In the Contents pane, turn off temp_max_65 and click the arrow next to the check box to collapse the 

layer. 

2. Turn on temp_max_84. 

This is the same dataset that you used before, but with an extra 19 sample points added. 

3. Open the Geostatistical Wizard window.  

4. For Geostatistical methods, confirm that Kriging / CoKriging is chosen. For Source Dataset, choose 

temp_max_84 and confirm that Data Field is set to temperature. 

5. Click Next. 

6. Under Ordinary Kriging, choose Prediction and click Next. 

On the Semivariogram/Covariance Modeling page, the Major Range parameter is almost 315,000. 

7. Change Major Range to 157000. 
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8. Click Finish. In the Method Report window, click OK. 

Another prediction surface layer is added to the map. 

9. Rename the new layer Kriging 84. Turn off the temp_max_84 layer. 

10. Turn Kriging 84 off and on to compare it to Kriging 65. 
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The Kriging 84 layer (left) compared to Kriging 65 (right) 

The two interpolations look very similar. You can use cross-validation to determine if one is better 

than the other. 

Cross-validation allows you to assess the accuracy of a prediction surface. It does this by removing a 

single point from the dataset and using all remaining points to predict the value of the removed 

point.  

11. In the Contents pane, select both Kriging 65 and Kriging 84. 

Tip: To select more than one layer, press the Ctrl key while selecting layers. 

12. Right-click either layer and choose Cross Validation. 
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Two Cross validation windows appear. One of them is blocking the other from view. 

13. Move the first Cross validation window so you can see both at once.  
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Ideally, all values on the Summary tab should be close to 0, except for the Root-Mean-Square-

Standardized value, which should be close to 1.  

Kriging 84 shows better values than Kriging 65. This means that the larger dataset resulted in more 

accurate predictions.  

14. Close the Cross validation window for Kriging 65. 

15. In the Contents pane, click Kriging 65 to select it. Right-click Kriging 65 and choose Remove. 

16. Remove temp_max_65. 

The Root-Mean-Square value for Kriging 84 is 8.8. This means that on average, predicted values are 8.8 

degrees Fahrenheit different from the actual values. Based on this difference, you may decide that this 

interpolation is not reliable enough, and that you do not want to make decisions based on the surfaces 

without collecting still more data.  

17. Close the Cross validation window for Kriging 84. 

18. Save the project. 
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Create an elevation surface 

From the temperature maps you've made, you might conclude that you could more accurately predict 

temperature by looking at elevation data. Temperatures tend to drop as elevation increases, so it is 

reasonable to predict colder temperatures on the mountaintops than in the valleys. 

1. In the Contents pane, turn off Kriging 84 and turn on elevation_10km.

 

These 938 points are spaced 10 kilometers from one another. Each holds an elevation attribute. You 

can use these points to create an interpolated surface representing elevation. 

2. Open the Geostatistical Wizard window. 

3. If necessary, for Geostatistical methods, choose Kriging / CoKriging. 

4. For Source Dataset, choose elevation_10km, and for Data Field, choose elevation. 
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5. Click Next. 

6. Under Ordinary Kriging, choose Prediction and click Next. 

7. On the Semivariogram/Covariance Modeling page, click the Optimize model button. 
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Clicking this button finds the parameters that result in the smallest prediction errors. 

8. Click Finish. In the Method Report window, click OK. 

An elevation surface is added to the map. 

 

9. Rename the new layer Kriging elevation. 

10. In the Contents pane, turn off elevation_10km and turn on elevation. 

The elevation layer is a raster elevation layer with a higher resolution.  

11. In the Contents pane, click elevation to select it. 

12. On the ribbon, on the Appearance tab, in the Effects group, click Swipe. 
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This tool allows you to interactively compare a layer with the one underneath it. 

13. Drag the map to reveal the Kriging elevation layer under the elevation layer. 
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The interpolated surface is less detailed than the high-resolution raster layer but accurately follows 

the same pattern along the mountain range.  

14. Remove the elevation layer from the map and turn on Kriging 84. Select the Kriging elevation layer. 
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15. Swipe the map to reveal Kriging 84 underneath Kriging elevation. 

 

These surfaces are almost mirror images of one another. The mountain peaks are red in one map, and 

blue in the other. This indicates a strong negative correlation between the two datasets. Higher 

elevations correspond to lower temperatures. 

16. On the ribbon, on the Map tab, in the Navigate group, click Explore. 
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You can now pan around the map as normal. 

17. Remove Kriging elevation from the map. 

18. Save the project. 

The fact that there is a strong correlation between your elevation and temperature data makes it a good 

candidate for the cokriging method, which you will try next. 

Interpolate temperature using cokriging 

You've created surfaces from temperature data and elevation data. Both datasets provide useful 

information for interpolating temperatures. Cokriging is a method that will allow you to use both 

temperature and elevation as input variables. Using both variables might allow you to predict 

temperatures in this area with greater accuracy. 

1. Open the Geostatistical Wizard window. If necessary, for Geostatistical methods, choose Kriging / 

CoKriging. 

2. For Input Dataset 1, for Source Dataset, choose temp_max_84. For Data Field, choose temperature.  

3. For Input Dataset 2, for Source Dataset, choose elevation_10km. For Data Field, choose elevation. 
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4. Click Next. 

5. Under Ordinary Kriging, choose Prediction. Click Next. 

For cokriging to be used successfully, there needs to be a strong correlation between the two variables. 

You already observed the correlation between temperature and elevation on the map. You can also 

look for correlation in a covariance graph on the Semivariogram/Covariance Modeling page. Currently, 

the graph shows semivariograms instead of covariance. 

6. Above the graph, click Var1 - Var1 and choose Var1 - Var2 from the drop-down list. 

 

The graph changes to show the covariance instead of the semivariogram. 

7. If necessary, change the size of the Geostatistical Wizard window to better see the graph.  
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The red points on the Covariance graph follow a noticeable curve, which indicates a correlation 

between the temperature and elevation data. If there was no correlation, the graph would look more 

like a random cloud of points. 

The Model line remains below 0 on the x-axis, which indicates that the spatial correlation is negative—

low values in one variable correlate to high values in the other. You'll adjust the model to increase the 

correlation. 

Not every covariance value is shown on the graph. Instead they are binned together based on the Lag 

Size value. When your data is grid spaced, the resolution of that grid is a good indicator for lag size. One 

of your datasets (elevation) was collected at 10-kilometer intervals, so you can use that value. 

8. Change Lag Size to 10000.  
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To learn more about this parameter, read Choosing a lag size. 

9. For Model #1, experiment with different options. 

https://pro.arcgis.com/en/pro-app/help/analysis/geostatistical-analyst/choosing-a-lag-size.htm
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Depending on the option you choose, the blue Model line changes on the graph. The fitted Model 

line—which will be used to predict values in unknown locations—should fit as close as possible to the 

Average crosses, which are derived from the values in known locations.  

10. For Model #1, choose Rational Quadratic.  



Improve Interpolations to Map Temperature 

 

This model type forms a steeper curve at the beginning of the graph, which indicates that more 

influence will be given to the closest neighbors in the prediction.  

11. Click Finish. In the Method Report window, click OK. 

A new surface, named CoKriging, is added to the map. 

12. Compare the CoKriging layer to the Kriging 84 layer.  



Improve Interpolations to Map Temperature 

 

CoKriging (left) compared to Kriging 84 (right) 

The layers show a similar pattern. The CoKriging layer was created with more input data than the 

other surfaces, so it likely offers the most reliable predictions. For an extra challenge, compare the 

cross-validation reports for both layers. Do the cross-validation values confirm the assumption that 

the CoKriging layer is more accurate than the Kriging 84 layer? 

13. Remove Kriging 84 and save the project. 

Map the prediction standard error 

The CoKriging layer is a rectangle, but the input data from which it was created was concentrated in only 

one part of that rectangle. Some parts of this surface offer more reliable predictions than others. Next, 

you'll map the standard error of the surface to mask those parts that are less accurate. 
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1. On the Contents pane, turn on temp_max_84 and elevation_10km. Click the CoKriging layer to select 

it. 

2. On the ribbon, on the Appearance tab, in the Drawing group, change Display Type to Standard Error. 

 

The map changes to show the certainty of prediction. 
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The darker the red, the less confidence you can have in temperature predictions from the CoKriging 

layer. The darkest areas are far from any input data points. It would be ideal to not display these parts 

of the map, because they might be misleading. 

3. On the Contents pane, right-click CoKriging, point to Export Layer, and choose To Contours. 

 

The Geoprocessing pane opens to the GA Layer To Contour tool.  

So far, you've created geostatistical layers. These are intended to be temporary and are not saved 

anywhere outside of your project. To convert these surfaces into common GIS formats, you can use 

tools like GA Layer To Contour and GA Layer To Rasters.  

4. For Output feature class, change the output name to mask.  

5. Click in the Output feature class box to see the full path.  
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The new feature class will be saved in the project package's geodatabase. 

6. Click Run. 

A new layer, named mask, is added to the map. It looks the same as the CoKriging layer. 

7. On the Contents pane, select CoKriging. On the ribbon, change Display Type to Prediction.  

There is no visible change on the map because this layer is currently hidden by the mask layer. You can 

use the mask layer to hide only the parts of the CoKriging layer that are unreliable. To do this, you'll 

create a definition query so only the darkest parts of the mask layer are shown. 

8. On the Contents pane, double-click mask. 

9. In the Layer Properties window, click Definition Query and click New definition query. 
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10. For Query 1, use the menus to construct the query Where Classes is greater than or equal to 5. 

 

11. Click Apply. 
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12. In the Layer Properties window, click OK. 

 

Now the mask layer covers the northeast and southwest parts of the map. However, it's not clear what 

the red color means. 

13. On the Contents pane, turn off temp_max_84, elevation_10km, and mask. Select CoKriging.  

14. On the ribbon, on the Appearance tab, in the Drawing group, click Masking and check mask. 

 



Improve Interpolations to Map Temperature 

Now, although the red layer is no longer drawn, it is still used to mask parts of the CoKriging prediction 

layer. Only those parts that can be considered reliable are shown. 

 

Tip: You may also want to export the CoKriging layer to contours or a raster in order to store it. If you 

save and close your project, geostatistical layers will not be lost, but they do not have the full 

functionality of a feature layer or raster layer. 
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Summary 

The Geostatistical Wizard can create interpolated surfaces for you using only a few points, but it might 

not be the interpolation surface that you need. Investing in more data collection will provide you with 

more reliable results that you can use to make more confident decisions.  

In some situations, adding a second variable will also improve the accuracy of your results.  

An interpolation surface will always have some areas that are considered more reliable than others. You 

can map the standard error to find these areas. Sometimes you may want to use masking to display only 

those parts of the prediction that you consider reliable. 
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