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Unit 4: Student Worksheet
Electrical Resistivity Unit 4: The “Magic” of Geophysical Inversion – Student Worksheet
Lee Slater (Rutgers University Newark)
Answer the following questions based on completing the tasks described in the student handout for this unit.
Task 4.2.1: Inversion basics
[bookmark: _Hlk42091659]Refer to the unit tutorial to answer the following questions
1. Why is the pseudo section not a realistic representation of the true resistivity structure of the subsurface? ____________________________________________________________________________________________________________________________________________ 
2. Forward modeling describes the process of estimating the ______________________________________________ from a known ______________________________________________
3. If the goodness of fit between the measured pseudo section and a synthetic pseudo section based on a synthetic resistivity model is not sufficiently good, the objective of the inversion is ____________________________________________________________________________________________________________________________________________
4. What two constraints are used to update a synthetic model during the iterative inversion process? ______________________________________________________________ ______________________________________________________________________
5. What kinds of subsurface structures (or processes) are best represented by resistivity inversion based on a smooth model constraint? __________________________________________________________________________________________________________________________________________________________________________________________________________________ 
6. Why are measurements errors important to include in the inversion? __________________________________________________________________________________________________________________________________________________________________________________________________________________
Task 4.2.2: Effects of measurement errors and adding boreholes using SEER
Refer to the unit tutorial to answer the following questions.
7. Qualitatively describe how the predicted inversion result changes as the measurement errors in the data increase from 1%, to 5% and then to 10%. It will help to focus on one of the blocks in the model that is well resolved in the predicted inversion result. ____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
8. In order to take a more quantitative look at how the errors influence the resolving power of the imaging, fill in the table below to assess how the minimum conductivity of the feature in the predicted inversion result that represents the 10 Ohm m block located at the center of the true resistivity model changes with the measurement error. Use the Dip-Dip geometry with the 2 m spacing and no borehole electrodes for this exercise.
	Measurement error
	1%
	5%
	10%

	Minimum resistivity of block in predicted inversion result
	
	
	



9. Summarize your observations in Question 8. Are they consistent with what you might expect based on your knowledge of the limitations of geophysical inversion methods described in the tutorial for this module?
__________________________________________________________________________________________________________________________________________________________________________________________________________________
10. [bookmark: _Hlk43213104]How does the addition of the boreholes influence the resolution of the conductive (10 Ohm) block and resistive (1000 Ohm m) block located at the center of the true resistivity model? To answer this question, look at how the shape of the two anomalies (and their minimum or maximum values) changes when the borehole electrodes are included versus when they are omitted__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
11. How does the addition of the boreholes influence the resolution of the conductive (10 Ohm) block and resistive (1000 Ohm m) block located far from the center of the true resistivity model? To answer this question, look at how the shape of the two anomalies (and their minimum or maximum values) changes when the borehole electrodes are included versus when they are omitted ________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
12. Look carefully at the differences in the predicted inversion result when the boreholes are included versus when they are omitted. Do any of the blocks in the true resistivity model become visible in the predicted inversion result when the boreholes are included? __________________________________________________________________________________________________________________________________________________________________________________________________________________
Task 4.2.3: Interpreting the inversion of the harrier meadow dataset performed with ResIPy
Using your results from the exploration performed completing the ResIPy assignment, answer the following questions.
13. Describe how the initial RMS misfit and the number of iterations to reach a solution to the electrical resistivity image vary as a function of the error model parameters:_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
14. Compare Scenario 6 to Scenario 1: both scenarios use the same error parameters (a_wgt and b_wgt). Why do you think the inversion takes more iterations and starts with a higher misfit in Scenario 6 when compared to Scenario 1? ________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
15. Compare the image you get for Scenario 3 (errors grossly overestimated) with Scenario 1 (errors correctly estimated) from the resistance model. How does overestimating the error model parameters influence the inverted image? ______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

16. Compare the image you get for Scenario 5 (errors grossly underestimated) with Scenario 1 (errors correctly estimated) from the resistance model. How does underestimating the error model parameters influence the inverted image? __________________________________________________________________________________________________________________________________________________________________________________________________________________
17. Compare the image for Scenario 6 (measurements with reciprocal errors greater than 2% retained) with Scenario 1 (measurements with reciprocal errors greater than 2% removed). Scenario 6 represents the case where some bad measurements are included in the inversion, which can lead to artifacts. An artifact is false structure in the image that results from the errors. Comparing the two images, do you see evidence for additional structure in Scenario 6 that you don’t see in Scenario 2 Describe what you see:
______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
18. Complete the sentence: Higher error estimates relative to the true errors tend to make the inverted images __________________ (smoother or rougher?)

19. Complete the sentence: Lower error estimates relative to the true errors tend to make the inverted images __________________ (smoother or rougher?) 

20. Referring to Scenario 1, summarize the overall subsurface conductivity structure observed in your image of the inversion result. Use the depth scale to assign approximate boundaries between different layers. This summary will form the starting point for our exploration of the significance of the inversions in Unit 5 of this series.
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

21. How would you determine whether notable patches of pickleweed coincide with areas of high electrical conductivity (low resistivity)? __________________________________________________________________________________________________________________________________________________________________________________________________________________

22. Do you think that observing significant areas of high electrical conductivity where there is no visible pickleweed would contradict the hypothesis that salinity tolerant plants are thriving in regions of locally elevated salinity?________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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