
 

How Well, Which Well? 
Well-level Oil Production Responses to Price in North Dakota  

Introduction 
Understanding how oil producers respond to changes 

in oil prices is often of great interest to policymakers. 

For instance, the impact of any environmental policy 

affecting oil demand or oil supply (e.g. taxes/subsidies 

to oil production, EV and biofuel subsidies) depends 

crucially on oil producers’ responsiveness to price. 

While previous studies focused on macro-level 

evidence, there is now an emerging literature analyzing 

this supply response using granular data at the oil well 

level. In this context, I believe it is highly relevant to 

conduct a micro-level spatial analysis of oil production 

and to investigate whether responses to price vary 

across locations, using publicly available well-level data 

from North Dakota (ND).  
 

Data 
I use well-level oil production data for ND, compiled 

from monthly reports issued by NDIC. Among other 

things, the dataset records latitude and longitude 

information, and monthly oil production levels for each 

well in ND. Data on monthly oil prices (WTI spot prices) 

were obtained from the EIA website. The sample 

period for this study is May 2015 to Jan 2019. 

Geocoded locations of wells, trends in production 

volume and prices, and summary statistics are provided 

below.  

Methodology and Results 
1. Location matters: Wells near the center 
   are more responsive to price 
 

I focus on observations for ‘high price months’ (year-

months for which spot price > 1SD above mean) and 

‘low price months’ (< 1SD below mean). I then compare 

centroids and SD ellipses, weighted by production 

volume, for the two types of months. 

The mean center remains more or less constant, and a 

large share of production consistently takes place in 

four counties: Williams, McKenzie, Dunn, Mountrail. 

However, we observe that SD ellipses are noticeably 

narrower in ‘high price months’. As price goes up, 

proportionately more of the production takes place 

near the centroid. 

Thus, oil wells in different locations within ND respond 

differently to price changes, with wells located near the 

center seemingly able to adjust their production 

relatively more than wells in outer areas.  
 

2.  Location does not matter for other factors 
 

To check whether the heterogeneous spatial responses 

observed above are not caused by other factors, in 

particular seasonal variation, I split observations into 

‘spring’, ‘summer’, ‘fall’ and ‘winter’ months, and 

conduct similar analyses. 

Encouragingly, the weighted centroids and SD ellipses 

remain virtually unchanged for spring and summer. 

(The results carry through across all seasons.) Unlike 

price, seasonal changes do not seem to influence the 

distributional pattern of oil production in ND.  

 

 

3.  Large wells are clustered near the center 
 

Suggestive evidence that wells near the ‘center’ 

respond more to price points to the importance of 

comparing well characteristics across locations. I 

conduct a local Moran’s I analysis on well-level 

production, focusing on a ‘high’ vs ’low’ price month. 

We see that large wells are predominantly clustered in 

the central area (HH clusters), and that outer areas are 

mostly clusters of small wells (LL clusters). This pattern 

does not seem to vary with price or time. Well size may 

thus be an important underlying well-characteristic 

behind the spatial heterogeneity in price responses. 
 

4.  Large wells are more responsive to price 
 

I extend the analysis to space-time dimensions over the 

whole sample period, by creating space time cubes (at 

one-month intervals) and analyzing clustering patterns. 

The idea that clusters of large wells exist in the center is 

reinforced by the fact that this area is almost entirely 

classified as ‘hot spots’. More importantly, production 

in these hot spots ‘oscillate’, as opposed to surrounding 

areas that tend to either exhibit persistently low 

production or no significant trends, which lends further 

support to the view that large wells respond more to 

price changes over the sample period. 
 

Conclusion 
Wells near the central region (Williams, McKenzie, 

Dunn, Mountrail) respond more to prices than wells in 

surrounding areas. This spatial heterogeneity seems to 

be a result of clustering and of large wells being able to 

adjust more flexibly to price changes. 

Investigating factors that enable large wells to respond 

more (e.g. there may be costs associated with altering 

production levels which large producers can spread out 

better) may be an interesting area for future research. 
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