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Important notes to readers of this document 
 

 

This Commentary was written as a response to the claims made in the article Arcturus 2.0: A meta-

analysis of time-varying rates for electricity by Ahmad Faruqui, Sanem Sergici and Cody Warner, 

published in The Electricity Journal in December 2017 (Volume 30, Issue 10, Page 64-72, 

https://doi.org/10.1016/j.tej.2017.11.003). The Commentary addresses a number of 

methodological issues and possible biases present in the article which we consider important to 

highlight and share with the research community. The Commentary was submitted to The Electricity 

Journal on the 15th of January 2018 (Ref: ELECTR_2018_19), but rejected by the editor for the 

following reason on the 9th of March 2018 (direct quote of the personal message we received): 

“Dear Mr. Öhrlund, 

Thanks for your recent submission to The Electricity Journal. While it is very well 
written, the paper does not fit into our Journal's Aims and Scope. Accordingly, I 

cannot offer you publication. 

Please feel free to consider us with other works that are appropriate for our 
Journal.  I wish you the best in getting the paper published. 

Kind regards,  

Richard Cohen, Editor” 

 

As a result, this Commentary has not been possible to publish in a scientific journal. However, as 

we felt obliged to highlight the methodological issues and biases we found and share them with the 

research community, we decided to publish this Commentary by ourselves in March 2022 through 

alternative communication channels. We hope that you will find this Commentary an interesting and 

meaningful read as it addresses a number of issues that deserve further attention in the field of 

demand side response research in general. 

 

Best regards 

Isak Öhrlund & Mårten Schultzberg 

 

PS. For those interested in a broader discussion on the methodological challenges and opportunities 

that currently exist in demand side response research, please have a look at the following two 

publications written by the authors of this Commentary: 

 

• Öhrlund, I. (2020). Demand Side Response: Exploring How and Why Users Respond to Signals 

Aimed at Incentivizing a Shift of Electricity Use in Time (PhD dissertation, Acta Universitatis 

Upsaliensis). Retrieved from: http://urn.kb.se/resolve?urn=urn:nbn:se:uu:diva-416907  

 

• Schultzberg, M. (2019). Causal Inference in Observational Studies and Experiments: Theory and 

Applications (PhD dissertation, Acta Universitatis Upsaliensis). Retrieved from: 

http://urn.kb.se/resolve?urn=urn:nbn:se:uu:diva-393810  

https://doi.org/10.1016/j.tej.2017.11.003
http://urn.kb.se/resolve?urn=urn:nbn:se:uu:diva-416907
http://urn.kb.se/resolve?urn=urn:nbn:se:uu:diva-393810
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Abstract 

In “Arcturus 2.0: A meta-analysis of time-varying rates for electricity”, Ahmad Faruqui, Sanem Sergici 

and Cody Warner present a meta-analysis of an impressive collection of studies on the impact of 

time-varying pricing on peak electricity demand. Based on their analysis, the authors claim to have 

identified a positive log-linear relationship between peak demand reduction and the peak to off-peak 

price ratio and that this relationship is moderated by enabling technologies. However, we believe 

that there are a number of methodological issues and possible biases in the analysis that need to be 

addressed before we can draw such conclusions. 
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1 Introduction 

In the article “Arcturus 2.0: A meta-analysis of time-varying rates for electricity”, Ahmad Faruqui, 

Sanem Sergici and Cody Warner (2017) present a meta-analysis of an impressive collection of studies 

on the impact of time-varying pricing on peak electricity demand. In line with the findings of Faruqui 

and Sergici’s previous study (2013), the authors claim to have identified a positive log-linear 

relationship between “peak impact” (peak demand reduction) and the peak to off-peak price ratio 

and that this relationship is moderated by enabling technologies. 

 

Except for the mentioned studies above, there are to our knowledge no other meta-analyses on this 

issue. Meta-analyses of studies on time-varying pricing are therefore welcome as we, in our opinion, 

still have a limited understanding of the underlying causes for the effects that are reported. 

However, meta-analyses can be deceitful and mislead the research community if biases aren’t 

properly exposed and addressed. Unfortunately, we believe that there are a number of 

methodological issues and possible biases in the analysis by Faruqui et al. (2017) that need to be 

addressed in order for the analysis to fulfil its purpose as a reliable and valuable summary of the 

evidence at hand. 

 

2 Methodological issues and possible biases  

The authors set out answer two questions, (i) “do customers respond to dynamic pricing by reducing 

their peak usage?” and (ii) “if customers do respond, is the treatment effect stronger in the presence 

of enabling technology?" (these questions are expressed as hypotheses in the analyses, and we will 

therefore refer to them as the first and second hypothesis to simplify our text). They test these 

hypotheses by analyzing the results of a large number of studies on the effects of time-varying rates 

on peak demand that are stored in a database of theirs and conclude that they have “shown beyond 

the shadow of a doubt that customers do reduce their peak load in response to higher peak to off-

peak price ratios.". In doing so, the authors have, in our opinion, made a few problematic decisions 

and strong assumptions. We have no intention to disprove the authors or discuss the theoretical 

foundations of their hypotheses, but rather we want to raise the issues that we see to help improve 

future meta-analyses in this field. 

 

2.1 Quality and precision 

Studies included in a meta-analysis should be assessed with regards to their quality independently of 

their results, be possible to consider at least as “general replications” and their precision must be 

equal or weighted to compensate for differences in sample size (Cumming, 2013). As discussed in the 

next section, the inclusion criteria that are used are not independent of the studies’ results. Except 

for saying that the studies in the database “adhere to the rigorous standards of experimental 

research design”, the authors make no mention of the quality of the included studies as is common 

practice (Higgins & Green, 2011).  

 

In our opinion, one must at least consider whether the included studies are similar (close or general 

replications), whether they measure the same thing and whether the design of and the methods 

used in the studies allow the researchers to identify the causal estimand of interest (peak demand 

reduction as a consequence of time-varying pricing). These criteria are indeed difficult to assess, but 
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they do need to be addressed if one wants to make causal claims from a meta-analysis like the 

authors have done.  

 

Lastly, the included studies have different sample sizes which implies different precision in the 

estimates. These uncertainties should be clearly stated and each study’s importance should be 

weighed accordingly in the meta-regressions (Thompson & Higgins, 2002). The authors make no 

mention of the uncertainties or any weighing procedure that aim account for them. 

 

2.2 Representativeness 

A meta-analysis requires that the included studies are a representative sample of all available studies 

on the topic with sufficient quality (Cumming, 2013). It is widely recognized that there is a general 

publication bias toward publication of “significant” results (e.g. Rosenthal, 1979; Ioannidis, 2005), 

that “statistical significance” and the use of p values as a measure of evidence is inappropriate  

(e.g. Cohen, 1994; Hubbard and Lindsay, 2008; Cumming, 2013; McShane et al., 2017) and that any 

changes that researchers do to the data that affect the results are problematic (Simmons, Nelson, & 

Simonsohn, 2011). Unfortunately, the authors do not address the issue of bias, and more worrisome, 

potentially introduce bias by excluding studies with “statistically insignificant” results and “on the 

extreme end of the sample” from the analysis. 

 

These decisions are problematic from a statistical point of view and have important consequences 

for the representativeness of the sample, the outcome of the analysis and the kind of conclusions 

that can be drawn. Any exclusion of studies must be independent of their results, well-motivated 

with reference to their lack of quality or representativeness and the consequences of the exclusions 

as well as any details on the excluded studies must be fully disclosed (Meline, 2006; Russo, 2007). 

 

The authors violate these criteria, or at least they provide no discussion thereof. The most severe 

violation we react upon is the choice to exclude (and include) studies based on the statistical 

significance of their results. Except for statistical significance being a poor measure of evidence, this 

means that all findings of their analyses are conditioned on that there is a significant effect of time-

varying pricing on peak demand. Since the quality of the included studies is not considered, well-

designed studies that have no confounding issues and find zero-effects might have been removed.  

This means that even if the number of removed studies happen to be low (which is not disclosed), 

the studies with the highest quality of design might have been removed in favor of studies with poor 

quality of design but with significant results.  

 

Similarly, studies “on the extreme end of the sample” were excluded from the analysis. If there is in 

fact a relationship between peak demand and peak to off-peak price ratio, any study should follow 

the same pattern more or less. If not, the claimed relationship is constrained to the subset of studies 

that the authors chose to include. Moreover, the authors present the R2 value, percent of explained 

variation, without reference to the fact that values have been excluded due to large variation. 

 

The author present illustrative figures of the fitted relations between the peak reduction and the 

peak to off-peak price ratio. It is difficult for the reader to assess the validity of the claimed 

relationship since the results of the individual studies are not visible in Figure 1, 2 and 14 where the 

“arcs of price response” are presented. However, looking at the corresponding plots in the original 
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analysis (Faruqui & Sergici, 2013), we see that the spread around lines is noticeable. Why the authors 

have chosen to exclude some “extremes” and not others should be motivated. 

 

2.3 Interpretation of figures 

The authors have done a great job in displaying and discussing the spread of peak impacts between 

studies and groups of studies (e.g. with and without enabling technology) in Figure 6-11. In 

interpreting these figures, the authors conclude that the treatment effect is stronger in the presence 

of enabling technology. However, the variation in peak to off-peak price ratio is not controlled for in 

any of those figures, meaning that the conclusions that can be drawn about the relationship between 

peak impact and enabling technology from these figures are limited. Hypothetically, the tendencies 

of a difference between the groups with and without enabling technology could just as well be due 

to differences in price ratios. There is no way to distinguish if the group differences visible in Figure 8-

11 are an effect of the differences in enabling technology, the peak to off-peak price ratio or a 

combination of both — unless this is controlled for. To our understanding, the interpretations that 

the authors have made from these figures can only be made when controlling for the peak to off-

peak price ratio, which is done in the econometric model later on. 

 

2.4 The econometric model 

There is a slight discrepancy between the second hypothesis and what the estimated effect 

measures. Although this is a minor comment, we think it is important that readers understand the 

difference between what is asked for and what is estimated.  

 

The authors’ second hypothesis implies that, if there is indeed a relationship between peak reduction 

and peak to off-peak price ratio, we would expect the fitted line describing the relationship for the 

group with enabling technology to be shifted upwards in comparison to the other group for all price 

ratios, i.e. a difference in intercept. The model that is used  

y = a + b*ln(priceratio) + c*ln(priceratio)*tech, 

is not the standard model for testing the second hypothesis since the main effect (a change in 

intercept), as measured by the tech-dummy, is not included1. The given model, implies the same 

intercept for the two tech-groups, but different slopes, measured by the interaction term 

c*ln(priceratio)*tech. This is a model restriction implying that for low peak to off-peak price ratios 

the difference is smaller. Even though this may be a reasonable assumption, this model cannot test 

the second hypothesis. The suggested model tests if there is a difference in the strength of the 

relationship between peak impact and peak to off-peak price ratio, between the two “tech” groups. 

The authors’ second hypothesis could instead be tested with the following model 

y = a + b*ln(priceratio) + c*tech 

where the interaction, i.e. the possibility for a difference also in the strength of the relation between 

y and the price ratio, could be described by: 

y = a + b*ln(priceratio) + c*tech + d*ln(priceratio)*tech. 

We are interested in the motivation behind excluding the main effect of the “tech” dummy. 

 

                                                           
1 There is a misprint in the model equation of the interaction term c*ln(priceratio*tech) in the original paper. 
This term is not defined when tech=0, since that implies ln(0). It should be c*ln(priceratio)*tech. 
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In addition to the above, it would be interesting and helpful for the readers to have the regression 

results with and without the excluded studies (both the extremes and the non-significant). This 

would make the authors’ decisions to exclude certain studies more transparent and less problematic 

given qualitatively similar results. 

 

3 Conclusions 

The authors have made a very welcome attempt at summarizing a large number of studies on the 

effects of time-varying rates and at explaining the underlying causes of the large variation in the 

observed effects. However, there are many methodological issues that need to be carefully 

considered in a meta-analysis, and the authors have, in our opinion, taken quite a bit of freedom in 

their analysis that should have been discussed and taken into account in their conclusions in order 

for their meta-analysis to become trustworthy. 

 

Consequently, we do not agree with the authors' conclusion that they have “shown beyond the 

shadow of a doubt that customers do reduce their peak load in response to higher peak to off-peak 

price ratios.". The nature of their analysis does in our opinion not allow for strong causal claims to be 

made. We believe that the meta-analysis in its current form is a nice summary of a selected subset of 

studies, but that is says little about the “true” effect of time-varying pricing on peak demand in 

general. 

 

We would greatly appreciate to see an updated version of the analysis provided by Faruqui et al. ( 

2017) where 

1. the representativeness of the original database and the selected subset of studies as well as 

their quality were discussed in relation to the results and conclusions 

2. all of the results were presented with and without any excluded studies and that any 

exclusions were well motivated and that the impact on the results was discussed 

3. the studies were weighted by their precision in the meta-regressions 

4. the main effects of the dummies were added to the meta-regressions 

 

Finally, we would like to stress that meta-analyses are much needed and that the study by Faruqui et 

al. (2017) could be a very useful and important contribution to the field if the above issues would be 

addressed. We hope that this commentary is perceived as a benevolent attempt to help advance our 

understanding of these important matters. 
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