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GENERAL COMMENTS The work by Fang et al. addresses a very important topic generally 
in environmental health--the failure for current statistical models to 
address and incorporate model uncertainty in the resulting effect 
estimates. The study authors investigate the question of association 
between PM10 and respiratory morality rates, and explore the 
impacts of using a GAMM approach versus a Bayesian model 
averaging approach, incorporating models using different number of 
knots for day, temperature, and pressure, for both single and multi-
pollutant models. Overall the paper is well-written, the results are 
interesting, and the contribution of a BMA+GAMM approach is very 
important and can guide future research and analyses.  
 
I believe there are additional analyses that may bolster the strength 
of this paper and improve the findings, and I have included these as 
recommendations in my comments, below. I also believe that some 
significant restructuring of the Results and Discussion section would 
be beneficial, to better align with the goal of this work--specifically in 
that the interest of the authors is not the effect estimates 
themselves, but the impact of the different modeling approaches and 
the impact on estimates of uncertainty. I believe with some major 
revisions and additional analyses, this paper would be a great 
contribution to this field.  
 
Title 
The authors state that their intent of this work is not to estimate the 
effect estimate of the association 
itself, but instead to demonstrate an application of a novel 
methodology (Bayesian mode averaging with 
generalized additive mixed models). As a result, modifications to the 
title should be made to reflect this 
(i.e., focus more on methods and generalize the study question). For 
instance, a suggestion would be: 
“Exploring Bayesian model averaging methods for evaluating 
associations between air pollution and 
respiratory mortality.” I would also recommend removing “inhalable 
coarse particles” from the 
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keywords, for this reason but also others to be discussed later. I 
would recommend adding “model 
uncertainty” to the keywords in its place. 
Abstract 
L37: Clarify exactly where the “large metropolitan area in Northern 
China” is—Beijing? 

L38‐39: Add in sample size of total number of residents 
L42: Add “in single and multipollutant (NOx, CO) models” at end of 
sentence. 
L43: In the results section, why are just the single pollutant model 
results shown? Particularly since the 
sentence at the end states there is evidence of joint effects of PM10 
with other pollutants. The 
multipollutant model results should be shown as well (or replacing 
the single pollutant model results, if 
space is a limitation). Also, as the author’s primary interest is not to 
report on effect estimates, less of 
the results should be spent discussing effect estimates themselves 
and instead comparing model 
performance—such as commenting on the width of the confidence 
interval (which is predictably larger 
for the BMA‐model results). Would recommend adding in 
comparisons of the optimal GAMM and BMA 
after GAMM for single, multipollutant, and multipollutant with PCA 
and comment on any noticeable 
differences. 
L50: Make this more general, as “…the effect of air pollution on 
adverse health effects.” The methods 
used in this paper are not specific to PM10 and mortality. 
Introduction 
L63: Add “Introduction” header 
L64: Authors refer to coarse particulate matter as PM10 but should 

be PM10‐2.5 to be clear. For references 

(1)‐(6), not all are focused on coarse particles (i.e, Yang et al. 2015, 

Shang et al. 2013, Tellez‐Rojo et al. 
2000) 

L65: Suggested text edit: “In time‐series studies, one major 
methodological concern is potential 
confounding…” 
L66: Suggested text edit: “…as the pollutant concentrations or 
outcome.” 
L80: Suggested text edit: Remove the sentence “However, standard 
statistical analyses…” This sentence 
seems out of place and does not contribute to the argument being 
made here. 
L81: Suggested text edit: “However, often there are several possible 
competing models to select from 
(i.e., using different combination of confounders) and the process of 
selecting the “best” model often 
varies and evaluating one’s ultimate selection among the others is 
difficult. Model uncertainty can be 
significant, as selection of models might lead to largely different 
conclusions, but often the classical 
approach…” 
L88: Suggested text edit: “…robustness of the estimates. However, 
this still does not incorporate model 
uncertainty into effect estimates because it still requires selection of 
a single final model. To address 
this, researchers have proposed Bayesian model averaging…” 
L96: Authors state that they are reexamining the association 
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between PM10 and daily respiratory MR. Is 
this a reanalysis of data from another study (Yang et al. 2015, Zhang 
et al. 2013?). If so, please cite 
reference. If not, make this clearer. Also, is the exposure truly 
coarse PM (PM10‐2.5), PM made up mostly 
of coarse particles (PM10), or just PM <10 micrometers that includes 
fine PM? Need more discussion to 
clarify this, justify the focus on coarse PM, and to use the 

terminology PM10‐2.5 if this is the case. 
Materials and Methods 
L106: Where is the “metropolitan area in Northern China” and which 
eight districts? Please add more 
detail on geographic location, possibly including a map of the 
metropolitan area. If this is indeed a 
reanalysis of the Yang et al. 2015 paper, consider referencing this 
and list which eight of the sixteen 
administrative districts were selected. 
L116: More information is needed on the source of the data. For 
example, the meteorological data: 
where is this data from? Is it publically available or was it obtained 
from some local agency? What was 
the resolution of the data set? Again, if this is similar data as was 
used by Yang et al. 2015 or Zhang et al. 
2013 please state this and include the citation. Otherwise, provide 
more information about the source 
and characteristics of data. 
L118: There were 11 monitoring stations in the study area over eight 
districts. Please include 
information regarding the spatial distribution of these monitoring 
stations over the districts, for instance 
in a map as Yang et al. 2015 has included for their 12 monitoring 
stations over 16 districts. 
L122: Suggested text edit: “…deaths to calendar day” 

L123: Suggested text edit: “…and district‐level random effect.” 
L125: Suggested text edit: “…and day of the week (DOW).” 
L137: The use of Hutchinson et al. (2005) as a reference for the 
selection of offset is confusing. In this 
paper, they describe the Poisson mode for count data, but use 
length of time exposed as an offset, not 
population size. Is a reference necessary here, or is there a more 
appropriate example to use of an 

analysis that similarly uses log‐transformed population size as the 
offset? 
L142: Insert reference 17 (Hoeting et al. 1999) after colon and delete 
from L154. This is more 
appropriate as the entire BMA approach is outlined in this reference, 
not just the definition of the 
posterior mean and variance estimate. 
L166: Suggested text edit: “In (5), the posteriors mean is averaged 
over all models, applying weights that 
depend on the degree…” 
L167: I am not sure I understand this argument. It’s not really “In 
addition” since equation 8 
incorporates the BIC component that penalizes for dimensionality of 
the model. So the best models are 
weighted heavily by equation 8, which in turn heavily favors 
parsimonious models. Also change 
reference to the equation to (8) for consistency. 
L169: Suggested text edit: “This is an empirical approximation to a 
fully Bayesian form of model 
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averaging, bridging classical frequentist…” 
L174: Suggested text edit: “We then transformed the regression 
coefficient of the PCs back to the 
regression coefficients of the original pollutants.” 
L177: Suggested text edit: “…using R software (version 3.2.3) 
packages “mgcv,” “splines” and “lme4.” 
Results: 
L182: Move the first two sentences to later in the Results section. 
The results should begin with basic 
data characteristics, such as the pollutant exposure ranges and daily 
mortality rates in the population. 
Also suggested text edit here: “The observed and predicted (based 

on quasi‐Poisson distribution) 
numbers of daily respiratory deaths of the eight districts between 
2009 and 2010 corresponded well 
with no zero‐inflation observed, supporting the distributional 
assumptions in GAMM analysis (Figure 1).” 
L186: Suggested text edit: “…mortality rate (per 100,000 persons) 
and PM10, NOx, and CO concentrations 
of the eight districts are shown in Table 1. The highest daily mortality 
rates were found in districts 3 
(median=0.24, IQR=0.24) and 8 (mean=0.25, IQR=0.25).” 
L192: Suggested text edit: “…for NOx), but that for CO was below 
the national limit (4mg/m3).” 
L194: Suggested text edit: “…in the study area are shown in Table 
2.” Generally, text in this section 
should be present tense, not past. 
L197: Suggested text edit: “…103.7 kPa, characteristic of a typical 

sub‐humid…” 
L220: Authors state that they used different combinations of the 
number of knots. Are only the ones 
presented in this paper the ones considered, or were there others 
that were investigated as well? If 
indeed the latter, please provide the others. Also, please provide the 
justification for the combinations 
of different knots that were selected. 
L222: Temperature should be 5, 6, 7 knots? 
L224: Suggested text edit: “…BICs of 27 considered versions of…” 
L226: Why was the AIC and not BIC used for selecting the optimal 
GAMM? Although it appears that the 
selection may be the same no matter whether AIC or BIC was used, 
based on the data in Table 4. Was 
the AIC considered with more significant figures? In the table it 
appears that several models had the 
same AIC presented in Table 4, how was the final model selected 

from these (i.e., modes 16‐18)? As only 
the AIC/BIC values are provided for the single pollutant models, 
authors should note that it appears the 
same model (i.e., same knots for temperature, etc.) was optimal 
across the single and multipollutant 
models. 
L232: Is there another way to phrase the term “BMA after GAMM”? 
For instance, here it is a bit 
confusing to read “GAMM and BMA after GAMM.” I would suggest 

“GAMM+BMA” or “BMA‐GAMM” or 
“Bayesian model averaged GAMM.” 

L231‐240: I would like to see less focus in the results section on the 
effect estimate itself from different 
models, as this is not the main focus of this paper. Instead, authors 
should include more discussion on 
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the uncertainty estimates and the impact of incorporating model 
uncertainty into the analysis using 
BMA. For instance, in L237 authors discuss whether the effects 
were statistically significant or not but 
instead I feel more of the focus should be on the width of the 
confidence interval, how it changes from 
incorporating model uncertainty, and what the implications are. I 
would recommend that this part of 

the Results section be re‐written to expand upon these topics, which 
should be the main focus of this 
paper. The same comment applies for the discussion in the last 

paragraph (L241‐247); for instance, 
authors discuss the impact of changing the number of knots on 
calendar day from 6 to 7 and the impact 
on the PM10 effect estimate, but the discussion here should mostly 
focus on the CI impact from model 
uncertainty. 
Discussion: 
L250: Suggested text edit: “Yang et al. (2015) and Zhang et al. 
(2013) had examined the association of 
PM10…” 
L253: Suggested text edit: “…response, it cannot account for the 

between‐cluster…” 
L255: Suggested text edit: “…and its extensions have gained 
popularity in part for its ability to account 
for such limitations.” In the next sentence, authors seem to imply 
that they use the same data as Yang et 
al. 2015 and Zhang et al. 2013 and in the same metropolis (Beijing), 
but again this is not clear in this 
paper generally. Make clear if this is the same data or modified data, 
and include information regarding 
the administrative districts that were included in this analysis. 
L257: Suggested text edit: “…number of deaths attributable to 
respiratory diseases.” 
L260: Suggested text edit: “…methods for estimating the association 
between air pollutants and adverse 
health outcomes often fail to incorporate the model uncertainty in 
effect estimates.” 

L261‐272: This is a very wordy example and somewhat confusing. 
Shorten this to make the important 
point about limitation of model selection, but in a more concise way. 
I also think that the last sentence 
of “All of the methods are essentially trial and error method” is a 
broad blanket statement that is harsh 
and not always true. There are often biological or mechanistic 
information that is applied in model, knot, 
or confounder selections that is slightly better than trial and error. 
But I think the focus on the single 
model selection at the end that ignores the entire process of getting 
to that final model and the failure 
to account for this uncertainty is a critical point that does need to be 
made—albeit hopefully in a more 
concise example. 
L273: Suggested text edit: remove the word “potential”—it isn’t 
potential uncertainty, there will always 
be some level of model selection uncertainty. It more a matter of 
whether it is large or small. 
L284: Reference #26 –this appears to depend on the software? So it 
is more the case that the BIC 
criterion is not available in the SAS algorithms? Make this clearer if 
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this is the case, so as to understand 
that this is not just a general limitation of GAMM overall. 
L285: The reference to Whitney et al. is not included in the 
references. Is this Whitney & Ngo (2004)? 
L287: Suggested text edit: “…and mortality, essentially limiting their 
algorithm to a GLMM.” 
L290: Authors state that their main interest is not the estimated 
coefficients but the uncertainty of their 
estimation—this statement seems counterintuitive to the discussion 
that then follows, which focuses 
mostly on the effect estimate comparing single pollutant to 
multipollutant models and comparison with 
other studies that have similarly estimated these effects. It seems 
that the authors should focus more 
on the comparison of single pollutant model effect estimates for the 
optimal GAMM versus the model 
averaged estimates, and the same for the multipollutant models. 
This would be a more appropriate 
discussion regarding the uncertainty of the estimation. 
L295: Suggested text edit: “…suggesting that the effect of PM10 in 

multi‐pollutant models…” 
L296: Suggested text edit: “…or slightly reversed.” The estimate 
reported here is RR=0.99975 (95% CI: 

[0.99922‐1.00027]) which is borderline reversed with a very narrow 
CI. 
L297: Suggested text edit: “…gave slightly wider confidence 
interval…” Is the interpretation here that 
since the CI were slightly wider that this is due to the model 
uncertainty present in the data from the 
model selection? Would recommend that authors highlight this with 
a bit more discussion. 
L298: Why are the estimated coefficients more robust? Or is the 
justification for this because they are 
not affected by the knot selection? If they are robust for another 
reason, please state otherwise 
rephrase this sentence so this justification for robustness is clear. 
L303: Insert a paragraph break for the section regarding study 
limitations. 

L303‐307: Authors state that a limitation is that only uncertainty from 
knot selection was considered 
and not, for instance, different sets of confounders. They then go on 
to conclude that the latter could 
easily be incorporated. Is there a reason why this was not explored 
in this work? If this could be done 
easily, I believe these results would be very interesting and 
informative to the reader, and would 
contribute significantly to the findings. 
L307: Authors mention that the GAMM model had issues 
converging. Authors should provide more 
information and details regarding this, as convergence issues are a 
great concern. Also, authors should 
consider providing information about convergence time and 
computing power required to run these 
analyses, as many readers might find this useful. 
L309‐312: The fact that BMA produces a larger standard error is not 
a limitation, but a natural result of 
using a method that incorporates model selection. This should not 
be included as a limitation of the 
study itself. 
L314‐318: I did not follow this argument regarding the lag time. Lag 

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2016-011487 on 16 A

ugust 2016. D
ow

nloaded from
 

http://bmjopen.bmj.com/


0 and lag 1 have been shown to be 
the most important in terms of strongest effect on the association, 
but authors argue that since they 
incorporated lag 0 (but not lag 1) that this sufficiently reflects the 
effect of PM10 on mortality? This is not 
convincing because authors have failed to incorporate lag 1, which 
they admit has been demonstrated 
to be quite important in impacting this association. Would authors be 
able to incorporate lag 1 in their 
model, or add it as a sensitivity analysis to support their argument 
that the lag 0 is sufficient? 
L321: Suggested text edit: “Epidemiology studies incorporate 
different modeling strategies…” 
L322: Suggested text edit: “Furthermore, the uncertainty of model 
selection…” 
L324: Suggested text edit: “…the association of air pollution with 
adverse health using time‐series data, 
as well as other applications.” 
L326: Suggested text edit: “…heterogeneity in other areas (such as 
confounder selection), developing 
corresponding packages in R for widespread use, and exploring 
implications of utilizing these resulting 

estimates of effect and corresponding uncertainty on policy‐ and 

decision‐making.” 

‐‐Also: would like to see some discussion of the selection of a 
uniform distribution for the prior 

distribution, and discuss the impact of using non‐informative versus 
informative priors to guide model 
selection in the BMA approach. Related to this, I would like to see 
some discussion of how the knot 
selection was made, and whether this was informed at all by 
previous data or information. It is 
important to narrow the possibility of included models (to avoid 
considering inappropriate or wrong 
models for the study question at hand) before averaging using BMA, 
and whether this was done in this 
work was not addressed. 
References: 
L383: Insert space after “models” 
L409: Reference appears to be missing authors (Whitney and Ngo) 
Figures and Tables: 
Figure 1: Alter the size and transparency of estimates so that the 
reader can clearly see both estimates 
for each probability if possible. We can get the idea that they lie on 
top of one another, but if this could 
be made clearer with the graphics that would be helpful. 
Figure 2: Suggested text edit: “…respiratory deaths and: (a) Days; 

(b) PM10 concentrations; and (c‐f) 
meteorological conditions. 
Figure 4: Suggested text edit: “…with different number of knots in 
Day, Temperature, and Pressure 
(indicated by D, T, and P)…” 
Table 1: Recommend including the population size (i.e., offset 
number) for each district. Also to increase 

interpretability of the data, recommend putting the actual 25th‐75th 

percentile range (i.e., xx‐xx) instead 
of the IQR alone—this will provide more information about the levels 
of air pollutant and mortality. 
Table 2: What was the granularity of the meteorological conditions? 
Were the provided by district, and 
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average over the entire area? Was this weighted at all (by 
geographic size, etc.)? 
Table 4: Would recommend also reporting the posterior model 
probabilities calculated for each under 
the BMA approach. 
Additional: 

‐‐Reference formatting in text should separate numbers using a 
comma—makes it hard to read. 

‐‐Consider providing the R code in the manuscript or as an appendix 
for transparency 

 

REVIEWER Matthew Cefalu 
RAND Corporation  
USA 

REVIEW RETURNED 15-Apr-2016 

 

GENERAL COMMENTS Overall, I thought this was an interesting application of Bayesian 
model averaging 
(BMA). I believe that applications of BMA in contexts such as air 
pollution 
epidemiology are warranted. This paper explores the relationship 
between PM10 
and respiratory mortality. No statistically significant result is found, 
and, even if the 
results were significant, the results are of questionable practical 
significance 
(increasing the respiratory morality rate by 1%, when the rate is 
already very 
small). Small increases can add up over large population, so if that 
is the case, please 
put the results into perspective. 
When estimating the effect, this paper shows that uncertainty due to 
the model 
choice with respect to the number of knots for day, temperature, and 
pressure is 
small. That is, the results are not sensitive to the choice of knots. As 
it turns out, 
BMA is unnecessary in this case since the different models give 
nearly identical 
results. 
I do have several concerns with the paper. First, I do not agree with 
the strengths of 
the study. Specifically, strength #2 is not shown in this paper. A 
more appropriate 
strength statement would describe why GAMM is useful in this 
situation and why 
BMA is important. For the limitations, again #2 was not 
demonstrated in this paper. 
After reading the paper, I was left to wonder why a fully Bayesian 
version of 
semiparametric regression wouldn’t suffice in this context. One such 
choice (but not 
the only) would be to use penalized splines day, temperature, and 
pressure. Even 
under the specification of the models in the paper, why not sample 
directly from the 
posterior? These models are not too complex, so sampling from the 
posterior 
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distribution is feasible. 
Specific comments: 
Line 63-64: It is my understanding that PM10 corresponds to 
participles smaller 
than 10 micrometers, not particles larger than 2.5 micrometers but 
smaller than 10 
micrometers. 
Line 82: Why is it hard to determine the best model? 
Line 84: Model uncertainty of this type is an issue with almost all 
studies – not just 
time-series. 
Lines 87-90: These two sentences read as though “sensitivity 
analysis” and BMA 
are the same thing. This is primarily because of the “In this context” 
– which is easily 
misinterpreted as “In the context of sensitivity analyses.” Please 
make a clear 
distinction between BMA and sensitivity analysis. 
Line 98: I believe this is the first appearance of “GAMM frame” – I 
am not sure what 
is meant by frame. 
Line 100: Why do we care about the predictions? If we are trying to 
estimate the 
effect of pm10 on respiratory mortality, then predictions probably 
don’t matter 
much. 
Line 110-111: 10 million residents and 10k deaths. This is a yearly 
mortality rate of 
0.1%. When we are interpreting the results, a 5% increase would be 
mortality 
increasing from 0.1% to 0.105%. This really puts the study at a 
disadvantage – even 
if there is a statistically significant effect, it is unlikely to be 
substantively 
meaningful. 
Line 135-136: The statement about natural cubic splines seems out 
of place. Why is 
it included? 
Line 137: Why use the annual average for population size instead of 
a smaller time 
unit? 
Line 138: Why not use splines to adjust for NOx and CO? 
Line 140: Why use AIC for model selection instead of BIC? Since 
model averaging 
utilizes the BIC, selection based on BIC is equivalent to selecting the 
model with 
highest posterior probability. 
Lines 142-171: The entire discussion of BMA needs to be cleaned 
up. A few points: 
First, it is not clear at line 142 why we are using BMA and what the 
model we are 
averaging over are. Perhaps, it would be best to first describe the 
models to be 
average over and why we need to average over them. 
Second, it would be better to define the Mk notation before (2). 
Third, line 149 – Mk is not the true underlying model for D. 
Fourth, the connection between (3), (4), and (8) is not discussed. (8) 
is an 
approximation of (3) that use the BIC to approximate the Bayes 
factor. The Bayes 
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factor is the ratio of (4) for two different model choices. (3) can be 
rewritten in 
terms of Bayes factors instead of the marginal likelihoods. 
Fifth, it needs to be clear that this is an approximate posterior for two 
reasons. First, 
we use BIC to approximate Bayes factors. Second, in (5) and (6), 
the E[beta|D,Mk] 
and the variance of the same term are the posterior mean and 
variance of the 
parameter of interest. The point estimates and variance returned 
from existing 
functions to estimate GAMMs may not correspond to the posterior 
mean and 
variance. 
Sixth, BIC with a bar over it in (8) is not defined. 
Seventh, what priors are used on the parameters? 
Line 289: The focus of the paper was not R code, so this was not 
demonstrated. 
Line 290-291: “Our main interest was not the estimated coefficients 
but the 
uncertainty of the estimation from different modeling strategies.” 
More specifically, 
you capture the uncertainty in the number of knots using BMA. As 
indicated later in 
the discussion, there are other sources of uncertainty (e.g. selection 
of covariates). 
Why not consider all sources of uncertainty simultaneously? 
Table 4: It would be nice to have the posterior model probabilities 
included in this 
table. 

 

VERSION 1 – AUTHOR RESPONSE 

Reviewer 1: 

The work by Fang et al. addresses a very important topic generally in environmental health--the 

failure for current statistical models to address and incorporate model uncertainty in the resulting 

effect estimates. The study authors investigate the question of association between PM10 and 

respiratory morality rates, and explore the impacts of using a GAMM approach versus a Bayesian 

model averaging approach, incorporating models using different number of knots for day, 

temperature, and pressure, for both single and multi-pollutant models. Overall the paper is well-

written, the results are interesting, and the contribution of a BMA+GAMM approach is very important 

and can guide future research and analyses. 

I believe there are additional analyses that may bolster the strength of this paper and improve the 

findings, and I have included these as recommendations in my comments, attached separately. I also 

believe that some significant restructuring of the Results and Discussion section would be beneficial, 

to better align with the goal of this work--specifically in that the interest of the authors is not the effect 

estimates themselves, but the impact of the different modeling approaches and the impact on 

estimates of uncertainty. I believe with some major revisions and additional analyses, this paper 

would be a great contribution to this field. 

Title 

The authors state that their intent of this work is not to estimate the effect estimate of the association 

itself, but instead to demonstrate an application of a novel methodology (Bayesian mode averaging 

with generalized additive mixed models). As a result, modifications to the title should be made to 
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reflect this (i.e., focus more on methods and generalize the study question). For instance, a 

suggestion would be: “Exploring Bayesian model averaging methods for evaluating associations 

between air pollution and respiratory mortality.” I would also recommend removing “inhalable coarse 

particles” from the keywords, for this reason but also others to be discussed later. I would recommend 

adding “model uncertainty” to the keywords in its place. 

Reply (1): The title was changed to “Exploring Bayesian model averaging methods for evaluating 

associations between air pollution and respiratory mortality” as recommended and the key words 

“inhalable coarse particles” was replaced with “model uncertainty”. 

Abstract 

L37: Clarify exactly where the “large metropolitan area in Northern China” is—Beijing? 

Reply (2): Yes, the study area is Beijing. Originally, we planned to use a simulation dataset, but 

considering the convenience and validity of the study, we used real world data. Because we only used 

a subset of the data that was used in previous published studies to explore the application of a novel 

methodology, our partner in Beijing would like to conceal the name of the area in current study in case 

of distracting audiences’ attention from the main purpose of the paper and misinterpreting previously 

published results. 

L38‐39: Add in sample size of total number of residents. 

Reply (3): The sample size was added. 

L42: Add “in single and multipollutant (NOx, CO) models” at end of sentence. 

Reply (4): The words were added. 

L43: In the results section, why are just the single pollutant model results shown? Particularly since 

the sentence at the end states there is evidence of joint effects of PM10 with other pollutants. The 

multipollutant model results should be shown as well (or replacing the single pollutant model results, if 

space is a limitation). Also, as the author’s primary interest is not to report on effect estimates, less of 

the results should be spent discussing effect estimates themselves and instead comparing model 

performance—such as commenting on the width of the confidence interval (which is predictably larger 

for the BMA‐model results). Would recommend adding in comparisons of the optimal GAMM and 

BMA after GAMM for single, multipollutant, and multipollutant with PCA and comment on any 

noticeable differences. 

Reply (5): This section was revised as the reviewer recommended. Comparison between two 

modeling strategies was added now. 

L50: Make this more general, as “…the effect of air pollution on adverse health effects.” The methods 

used in this paper are not specific to PM10 and mortality. 

Reply (6): The sentence was changed as the reviewer suggested. 

Introduction 

L63: Add “Introduction” header 

Reply (7): The header was added. 

L64: Authors refer to coarse particulate matter as PM10 but should be PM10‐2.5 to be clear. For 

references (1)‐(6), not all are focused on coarse particles (i.e, Yang et al. 2015, Shang et al. 2013, 

Tellez‐Rojo et al. 2000) 

Reply (8): Thanks for the reviewer pointing out this. We revised the sentences and made them 

clearer. The term of inhalable coarse particles used in the paper was according to the definition of US 

Environmental Protection Agency (https://www3.epa.gov/pm/basic.html). In some epidemiology 

studies, the researcher used it to indicate both PM10 and PM2.5-10. Yang, Shang and Tellez’s papers 

investigated particles in this range. 
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L65: Suggested text edit: “In time‐series studies, one major methodological concern is potential 

confounding…” 

Reply (9): The text was revised. 

L66: Suggested text edit: “…as the pollutant concentrations or outcome.” 

Reply (10): The text was revised. 

L80: Suggested text edit: Remove the sentence “However, standard statistical analyses…” This 

sentence seems out of place and does not contribute to the argument being made here. 

Reply (11): The sentence was removed. 

L81: Suggested text edit: “However, often there are several possible competing models to select from 

(i.e., using different combination of confounders) and the process of selecting the “best” model often 

varies and evaluating one’s ultimate selection among the others is difficult. Model uncertainty can be 

significant, as selection of models might lead to largely different conclusions, but often the classical 

approach…” 

Reply (12): The text was revised. 

L88: Suggested text edit: “…robustness of the estimates. However, this still does not incorporate 

model uncertainty into effect estimates because it still requires selection of a single final model. To 

address this, researchers have proposed Bayesian model averaging…” 

Reply (13): The text was revised. 

L96: Authors state that they are reexamining the association between PM10 and daily respiratory MR. 

Is this a reanalysis of data from another study (Yang et al. 2015, Zhang et al. 2013?). If so, please cite 

reference. If not, make this clearer. Also, is the exposure truly coarse PM (PM10‐2.5), PM made up 

mostly of coarse particles (PM10), or just PM <10 micrometers that includes fine PM? Need more 

discussion to clarify this, justify the focus on coarse PM, and to use the terminology PM10‐2.5 if this is 

the case. 

Reply (14): Yes, the study is a reanalysis using a subset data from Yang et al.’s study. The reference 

was added. In that study, the investigated particles were inhalable coarse particles including both 

PM2.5-10 and PM10. We used PM10 to indicate both of them here. We clarified this in the paper now. 

Materials and Methods 

L106: Where is the “metropolitan area in Northern China” and which eight districts? Please add more 

detail on geographic location, possibly including a map of the metropolitan area. If this is indeed a 

reanalysis of the Yang et al. 2015 paper, consider referencing this and list which eight of the sixteen 

administrative districts were selected. 

Reply (15): The reference was added and the eight districts were specified. 

L116: More information is needed on the source of the data. For example, the meteorological data: 

where is this data from? Is it publically available or was it obtained from some local agency? What 

was the resolution of the data set? Again, if this is similar data as was used by Yang et al. 2015 or 

Zhang et al. 2013 please state this and include the citation. Otherwise, provide more information 

about the source and characteristics of data. 

Reply (16): Yes, the data that we used is a subset of Yang et al.’s data. The data is not publically 

available duo to the collaboration agreement between our Chinese partner and the local authorities in 

Beijing. Only our Chinese partner has the right to access the data for research purpose. We provided 

the statistical modeling support and our Chinese partner run the model with the real world data.  

The references were added now. 

L118: There were 11 monitoring stations in the study area over eight districts. Please include 

information regarding the spatial distribution of these monitoring stations over the districts, for 

instance in a map as Yang et al. 2015 has included for their 12 monitoring stations over 16 districts. 
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Reply (17):.Actually, Yang et al. also included 11 monitoring stations over the 8 districts that we used 

and excluded 1 background station. We added reference now. 

L122: Suggested text edit: “…deaths to calendar day” 

Reply (18): The text was revised. 

L123: Suggested text edit: “…and district‐level random effect.” 

Reply (19): The text was revised. 

L125: Suggested text edit: “…and day of the week (DOW).” 

Reply (20): The text was revised. 

L137: The use of Hutchinson et al. (2005) as a reference for the selection of offset is confusing. In this 

paper, they describe the Poisson mode for count data, but use length of time exposed as an offset, 

not population size. Is a reference necessary here, or is there a more appropriate example to use of 

an analysis that similarly uses log‐transformed population size as the offset? 

Reply (21): The reference was updated with the study by Kohen et al. 2003. 

L142: Insert reference 17 (Hoeting et al. 1999) after colon and delete from L154. This is more 

appropriate as the entire BMA approach is outlined in this reference, not just the definition of the 

posterior mean and variance estimate. 

Reply (22): The place of reference was changed as suggested. 

L166: Suggested text edit: “In (5), the posteriors mean is averaged over all models, applying weights 

that depend on the degree…” 

Reply (23): The text was revised. 

L167: I am not sure I understand this argument. It’s not really “In addition” since equation 8 

incorporates the BIC component that penalizes for dimensionality of the model. So the best models 

are weighted heavily by equation 8, which in turn heavily favors parsimonious models. Also change 

reference to the equation to (8) for consistency. 

Reply (24): The sentence was revised as the reviewer suggested and new references were added. 

L169: Suggested text edit: “This is an empirical approximation to a fully Bayesian form of model 

averaging, bridging classical frequentist…” 

Reply (25): The text was revised. 

L174: Suggested text edit: “We then transformed the regression coefficient of the PCs back to the 

regression coefficients of the original pollutants.” 

Reply (26): The text was revised. 

L177: Suggested text edit: “…using R software (version 3.2.3) packages “mgcv,” “splines” and “lme4.” 

Reply (27): The text was revised. 

Results: 

L182: Move the first two sentences to later in the Results section. The results should begin with basic 

data characteristics, such as the pollutant exposure ranges and daily mortality rates in the population. 

Also suggested text edit here: “The observed and predicted (based on quasi‐Poisson distribution) 

numbers of daily respiratory deaths of the eight districts between 2009 and 2010 corresponded well 

with no zero‐inflation observed, supporting the distributional assumptions in GAMM analysis (Figure 

1).” 

Reply (28): The sentences were moved and the text was revised. 
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L186: Suggested text edit: “…mortality rate (per 100,000 persons) and PM10, NOx, and CO 

concentrations of the eight districts are shown in Table 1. The highest daily mortality rates were found 

in districts 3 (median=0.24, IQR=0.24) and 8 (mean=0.25, IQR=0.25).” 

Reply (29): The text was revised. 

L192: Suggested text edit: “…for NOx), but that for CO was below the national limit (4mg/m3).” 

Reply (30): The text was revised. 

L194: Suggested text edit: “…in the study area are shown in Table 2.” Generally, text in this section 

should be present tense, not past. 

Reply (31): The text was revised. 

L197: Suggested text edit: “…103.7 kPa, characteristic of a typical sub‐humid…” 

Reply (32): The text was revised. 

L220: Authors state that they used different combinations of the number of knots. Are only the ones 

presented in this paper the ones considered, or were there others that were investigated as well? If 

indeed the latter, please provide the others. Also, please provide the justification for the combinations 

of different knots that were selected. 

Reply (33): We also tried other knot combinations. We excluded knot combinations with convergence 

problem or extreme small posterior probability, and only showed combinations with the relative large 

posterior probability around the best model, i.e. 6, 7 and 8 knots per year for calendar day, 4, 5 and 6 

knots for temperature, and 4, 5 and 6 knots for barometric pressure, respectively. We clarified and 

justified these in the manuscript now. 

L222: Temperature should be 5, 6, 7 knots? 

Reply (34): Yes. We corrected it now. 

L224: Suggested text edit: “…BICs of 27 considered versions of…” 

Reply (35): The text was revised. 

L226: Why was the AIC and not BIC used for selecting the optimal GAMM? Although it appears that 

the selection may be the same no matter whether AIC or BIC was used, based on the data in Table 4. 

Was the AIC considered with more significant figures? In the table it appears that several models had 

the same AIC presented in Table 4, how was the final model selected from these (i.e., modes 16‐18)? 

As only the AIC/BIC values are provided for the single pollutant models, authors should note that it 

appears the same model (i.e., same knots for temperature, etc.) was optimal across the single and 

multipollutant models. 

Reply (36): (1) Although AIC and BIC are both maximum likelihood estimate driven and penalize free 

parameters in an effort to combat over-fitting, AIC does not depend directly on sample size. Moreover, 

generally speaking, BIC favors more parsimonious models than AIC and presents the danger that it 

might under-fit. It is hard to decide which one is better because most of the times they agree on the 

preferred models. Honestly, we used AIC because it seems that more people are familiar with the 

abbreviation and it appears more frequently in papers than BIC does. 

(2) For the models with the same smallest AIC, we just randomly select one of them as the best 

model because the regression coefficients of them are also almost the same. 

(3) Yes, the multi-pollutant model with the same knots for temperature etc. was also optimal across 

multi-pollutant models. We noted this in the manuscript now. 

L232: Is there another way to phrase the term “BMA after GAMM”? For instance, here it is a bit 

confusing to read “GAMM and BMA after GAMM.” I would suggest “GAMM+BMA” or “BMA‐GAMM” or 

“Bayesian model averaged GAMM.” 

Reply (37): We used GAMM+BMA in the manuscript now. 
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L231‐240: I would like to see less focus in the results section on the effect estimate itself from 

different models, as this is not the main focus of this paper. Instead, authors should include more 

discussion on the uncertainty estimates and the impact of incorporating model uncertainty into the 

analysis using BMA. 

Reply (38): We reduced results on the estimates and included more results on the uncertainty of the 

estimates now. 

For instance, in L237 authors discuss whether the effects were statistically significant or not but 

instead I feel more of the focus should be on the width of the confidence interval, how it changes from 

incorporating model uncertainty, and what the implications are. I would recommend that this part of 

the Results section be re‐written to expand upon these topics, which should be the main focus of this 

paper. 

Reply (39): We rewrote this section and focused on the width of the confidence interval and how it 

changes from incorporating model uncertainty. 

The same comment applies for the discussion in the last paragraph (L241‐247); for instance, authors 

discuss the impact of changing the number of knots on calendar day from 6 to 7 and the impact on 

the PM10 effect estimate, but the discussion here should mostly focus on the CI impact from model 

uncertainty. 

Reply (40): The paragraph was revised as the reviewer suggested now. 

Discussion: 

L250: Suggested text edit: “Yang et al. (2015) and Zhang et al. (2013) had examined the association 

of PM10…” 

Reply (41): The texted was revised. 

L253: Suggested text edit: “…response, it cannot account for the between‐cluster…” 

Reply (42): The texted was revised. 

L255: Suggested text edit: “…and its extensions have gained popularity in part for its ability to account 

for such limitations.” In the next sentence, authors seem to imply that they use the same data as Yang 

et al. 2015 and Zhang et al. 2013 and in the same metropolis (Beijing), but again this is not clear in 

this paper generally. Make clear if this is the same data or modified data, and include information 

regarding the administrative districts that were included in this analysis. 

Reply (43): The texted was revised. The data source was cited here and in Materials and Methods 

section as well. 

L260: Suggested text edit: “…methods for estimating the association between air pollutants and 

adverse health outcomes often fail to incorporate the model uncertainty in effect estimates.” 

Reply (44): The texted was revised. 

L261‐272: This is a very wordy example and somewhat confusing. Shorten this to make the important 

point about limitation of model selection, but in a more concise way. I also think that the last sentence 

of “All of the methods are essentially trial and error method” is a broad blanket statement that is harsh 

and not always true. There are often biological or mechanistic information that is applied in model, 

knot, or confounder selections that is slightly better than trial and error. But I think the focus on the 

single model selection at the end that ignores the entire process of getting to that final model and the 

failure to account for this uncertainty is a critical point that does need to be made—albeit hopefully in 

a more concise example. 

Reply (45): (1) We revised the paragraph and tried to make it more concise. 

(2) The last sentence was removed. 

L273: Suggested text edit: remove the word “potential”—it isn’t potential uncertainty, there will always 

be some level of model selection uncertainty. It more a matter of whether it is large or small. 
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Reply (46): The word was removed. 

L284: Reference #26 –this appears to depend on the software? So it is more the case that the BIC 

criterion is not available in the SAS algorithms? Make this clearer if this is the case, so as to 

understand that this is not just a general limitation of GAMM overall. 

Reply (47): The sentence was revised as “In addition, due to lack of official solution for GAMM in 

common commercial statistical software, model fit criteria such as the BIC are not handily 

available…”. 

L285: The reference to Whitney et al. is not included in the references. Is this Whitney & Ngo (2004)? 

Reply (48): Yes. The reference was cited now. 

L287: Suggested text edit: “…and mortality, essentially limiting their algorithm to a GLMM.” 

Reply (49): The test was revised. 

L290: Authors state that their main interest is not the estimated coefficients but the uncertainty of their 

estimation—this statement seems counterintuitive to the discussion that then follows, which focuses 

mostly on the effect estimate comparing single pollutant to multipollutant models and comparison with 

other studies that have similarly estimated these effects. It seems that the authors should focus more 

on the comparison of single pollutant model effect estimates for the optimal GAMM versus the model 

averaged estimates, and the same for the multipollutant models. This would be a more appropriate 

discussion regarding the uncertainty of the estimation. 

Reply (50): The paragraph was revised as the reviewer suggested. 

L295: Suggested text edit: “…suggesting that the effect of PM10 in multi‐pollutant models…” 

Reply (51): The text was revised. 

L296: Suggested text edit: “…or slightly reversed.” The estimate reported here is RR=0.99975 (95% 

CI:[0.99922‐1.00027]) which is borderline reversed with a very narrow CI. 

Reply (52): The text was revised. 

L297: Suggested text edit: “…gave slightly wider confidence interval…” Is the interpretation here that 

since the CI were slightly wider that this is due to the model uncertainty present in the data from the 

model selection? Would recommend that authors highlight this with a bit more discussion. 

Reply (53): The text was revised and more discussion was added in the paragraph. 

L298: Why are the estimated coefficients more robust? Or is the justification for this because they are 

not affected by the knot selection? If they are robust for another reason, please state otherwise 

rephrase this sentence so this justification for robustness is clear. 

Reply (54): The robust here mean the decreased type I error accompanied with the widened 

confidence intervals. The sentence was rephrased. 

L303: Insert a paragraph break for the section regarding study limitations. 

Reply (55): Paragraph break was added. 

L303‐307: Authors state that a limitation is that only uncertainty from knot selection was considered 

and not, for instance, different sets of confounders. They then go on to conclude that the latter could 

easily be incorporated. Is there a reason why this was not explored in this work? If this could be done 

easily, I believe these results would be very interesting and informative to the reader, and would 

contribute significantly to the findings. 

Reply (56): Thanks for the reviewer point out this. There are two reasons that we did not incorporate 

the variable selection at current stage:  

(1) Because the number of the models grows exponentially with the number of variables 

and knot combinations, and convergence problem exists, the modeling task could 
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not be done by loop and had to be checked manually in some cases. It was 

extremely time consuming. 

(2) In the real world data, different variables had different missing patterns and the 

models were not nested, thus it was difficult to evaluate the goodness of fit of the 

numerous models. 

However, we hope we can solve the convergence problem with the new version of the R packages 

and using a simulation dataset to explore this question in the near future. 

L307: Authors mention that the GAMM model had issues converging. Authors should provide more 

information and details regarding this, as convergence issues are a great concern. Also, authors 

should consider providing information about convergence time and computing power required to run 

these analyses, as many readers might find this useful. 

Reply (57): (1) More interpretation of the convergence issue was provided in the paper. 

(2) Although the computation power is not an unconquerable problem nowadays, the modeling 

process is quite time consuming. The convergence time for total 5324 (11*22*22) knot combination 

scenarios is about 23 hours (excluding time for checking non-convergence manually) in our study. 

(3) Because the process is very sample size-, number of parameters- and machine-dependent, the 

total convergence time would vary a lot on different computers and operations systems. We would like 

to not disclose relevant information in case it distract and mislead our readers. 

L309‐312: The fact that BMA produces a larger standard error is not a limitation, but a natural result of 

using a method that incorporates model selection. This should not be included as a limitation of the 

study itself. 

Reply (58): We removed the sentence from the limitation but added it in conclusion. 

L314‐318: I did not follow this argument regarding the lag time. Lag 0 and lag 1 have been shown to 

be the most important in terms of strongest effect on the association, but authors argue that since 

they incorporated lag 0 (but not lag 1) that this sufficiently reflects the effect of PM10 on mortality? 

This is not convincing because authors have failed to incorporate lag 1, which they admit has been 

demonstrated to be quite important in impacting this association. Would authors be able to 

incorporate lag 1 in their model, or add it as a sensitivity analysis to support their argument that the 

lag 0 is sufficient? 

Reply (59): We added a sensitive analysis incorporating lag 1 of PM10 and indicated that further 

analysis with different lag structure is needed. 

L321: Suggested text edit: “Epidemiology studies incorporate different modeling strategies…” 

Reply (60): The text was revised. 

L322: Suggested text edit: “Furthermore, the uncertainty of model selection…” 

Reply (61): The text was revised. 

L324: Suggested text edit: “…the association of air pollution with adverse health using time‐series 

data, as well as other applications.” 

Reply (62): The text was revised. 

L326: Suggested text edit: “…heterogeneity in other areas (such as confounder selection), developing 

corresponding packages in R for widespread use, and exploring implications of utilizing these 

resulting estimates of effect and corresponding uncertainty on policy‐ and decision‐making.” 

Reply (63): The text was revised. 

‐‐Also: would like to see some discussion of the selection of a uniform distribution for the prior 

distribution, and discuss the impact of using non‐informative versus informative priors to guide model 

selection in the BMA approach. 
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Reply (64): In Bayesian statistics, the choice of the prior distribution is often controversial. Different 

rules for selecting priors have been suggested in the literature. Although this issue is a little out of the 

scope of our paper, we tried to provide a brief discussion according to the reviewer’s suggestion. 

Related to this, I would like to see some discussion of how the knot selection was made, and whether 

this was informed at all by previous data or information. It is important to narrow the possibility of 

included models (to avoid considering inappropriate or wrong models for the study question at hand) 

before averaging using BMA, and whether this was done in this work was not addressed. 

Reply (65): Yes, we were informed by previous data and information for knot and variable selection. 

But we pretended to be non-informative in current study in order to incorporate uncertainty (including 

inappropriate models) as more as possible. Of course, we would like to use informative prior 

distribution to narrow the range of the included models and test the difference of prior distributions in 

future studies. 

References: 

L383: Insert space after “models” 

Reply (66): Space was added. 

L409: Reference appears to be missing authors (Whitney and Ngo) 

Reply (67): Authors were added. 

Figures and Tables: 

Figure 1: Alter the size and transparency of estimates so that the reader can clearly see both 

estimates for each probability if possible. We can get the idea that they lie on top of one another, but if 

this could be made clearer with the graphics that would be helpful. 

Reply (68): Figure 1 was improved as suggested. 

Figure 2: Suggested text edit: “…respiratory deaths and: (a) Days; (b) PM10 concentrations; and (c‐f) 

meteorological conditions. 

Reply (69): Text was revised. 

Figure 4: Suggested text edit: “…with different number of knots in Day, Temperature, and Pressure 

(indicated by D, T, and P)…” 

Reply (70): Text was revised. 

Table 1: Recommend including the population size (i.e., offset number) for each district. Also to 

increase interpretability of the data, recommend putting the actual 25th‐75th percentile range (i.e., xx‐

xx) instead of the IQR alone—this will provide more information about the levels of air pollutant and 

mortality. 

Reply (71): Statistics was provided as suggested 

Table 2: What was the granularity of the meteorological conditions? Were the provided by district, and 

average over the entire area? Was this weighted at all (by geographic size, etc.)? 

Reply (72): Because there was only one daily average measurement of each meteorological 

condition, the means in the table were averages over the entire area and un-weighted. 

Table 4: Would recommend also reporting the posterior model probabilities calculated for each under 

the BMA approach. 

Reply (73): The posterior probabilities were provided now. 

Additional: 

‐‐Reference formatting in text should separate numbers using a comma—makes it hard to read. 
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Reply (74): Thanks for the reviewer’s suggestion. However, the current reference citation format in 

text is following BMJ open’s requirements. 

‐‐Consider providing the R code in the manuscript or as an appendix for transparency. 

Reply (75): We are still working on the R code now to make it more generalized and will provide it 

online later. Of course, we would like to provide the code per reader’s request before we finalize it. 

 

Reviewer 2: 

Overall, I thought this was an interesting application of Bayesian model averaging (BMA). I believe 

that applications of BMA in contexts such as air pollution epidemiology are warranted. This paper 

explores the relationship between PM10 and respiratory mortality. No statistically significant result is 

found, and, even if the results were significant, the results are of questionable practical significance 

(increasing the respiratory morality rate by 1%, when the rate is already very small). 

Reply (76): We agree that the estimates effect is small. However, considering that respiratory deaths 

only account for a small proportion (10%) of all-cause deaths and are much less than cardio-

cerebrovascular deaths (50%), which are also related with air pollution, our results are still have 

significant implication for public health policy- and decision-making. 

Small increases can add up over large population, so if that is the case, please put the results into 

perspective. 

Reply (77): Yes, it is the case in our study. We incorporated the reviewer’s comments in the results 

using the sentence “Although the relative increase of MR is rather small, taking into accounts the 

huge population (>10 million) in the study area, it still raises a severe public health challenge.” 

When estimating the effect, this paper shows that uncertainty due to the model choice with respect to 

the number of knots for day, temperature, and pressure is small. That is, the results are not sensitive 

to the choice of knots. As it turns out, BMA is unnecessary in this case since the different models give 

nearly identical results. 

Reply (78): Actually, we incorporated 5324 (see Reply (33) and (57)) knot combinations in total in our 

modeling process. The results in table 4 look not sensitive because we only kept the 27 models with 

relative larger posterior probabilities around the optimal model to save time of computing. 

Theoretically, the BMA method used in the current study favors the optimal and parsimonious models, 

thus excluding other redundant models results unnoticeable change in confidence interval. Although 

not sensitive, there was still 4%-7% fluctuation of point estimation around the optimal model. The key 

point here is that we included at least such a fluctuation in our interval estimation. 

I do have several concerns with the paper. First, I do not agree with the strengths of the study. 

Specifically, strength #2 is not shown in this paper. A more appropriate strength statement would 

describe why GAMM is useful in this situation and why BMA is important.  

Reply (79): Strength #1 was revised and strength #2 was removed. 

For the limitations, again #2 was not demonstrated in this paper. 

Reply (80): Limitation #2 was removed. 

After reading the paper, I was left to wonder why a fully Bayesian version of semiparametric 

regression wouldn’t suffice in this context. One such choice (but not the only) would be to use 

penalized splines day, temperature, and pressure. Even under the specification of the models in the 

paper, why not sample directly from the posterior? These models are not too complex, so sampling 

from the posterior distribution is feasible. 

Reply (81): Thanks for the reviewer’s enlightening comments. It let us rethink the question from a 

new angel. Yes, a fully Bayesian version of semiparametric regression and directly sampling from the 

posteriors is probable, however, the modeling process at the moment is quite time consuming (see 
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Reply (57)). But we would like to try the way that the reviewer suggested and make a comparison 

with current study in the future when we break the computation bottleneck with high performance 

computers and solve the convergence problem with updated R packages. 

Specific comments: 

Line 63-64: It is my understanding that PM10 corresponds to participles smaller than 10 micrometers, 

not particles larger than 2.5 micrometers but smaller than 10 micrometers. 

Reply (82): The term of inhalable coarse particles and PM10 used in the paper was according to the 

definition of US Environmental Protection Agency (EPA) (https://www3.epa.gov/pm/basic.html). In 

some epidemiology studies, the researcher used it to indicate both PM10 and PM2.5-10. Particles larger 

than 10 micrometers are not regulated by EPA and our study area. 

Line 82: Why is it hard to determine the best model? 

Reply (83): Because the evaluation of the goodness of fit is limited by the data available, when the 

models included different variables and the variables had different missing patterns i.e. the models 

were not nested, it would be difficult to compare their performance. 

Line 84: Model uncertainty of this type is an issue with almost all studies – not just time-series. 

Reply (84): The sentence was revised as “Model uncertainty can be significant, as selection of 

models might lead to largely different conclusions, but often the classical approach…” 

Lines 87-90: These two sentences read as though “sensitivity analysis” and BMA are the same thing. 

This is primarily because of the “In this context” – which is easily misinterpreted as “In the context of 

sensitivity analyses.” Please make a clear distinction between BMA and sensitivity analysis. 

Reply (85): Incorporating the comments from Reviewer 1 (see Reply (13)), we revised the two 

sentences. 

Line 98: I believe this is the first appearance of “GAMM frame” – I am not sure what is meant by 

frame. 

Reply (86): Frame here means the models having a structure of GAMM 

Line 100: Why do we care about the predictions? If we are trying to estimate the effect of pm10 on 

respiratory mortality, then predictions probably don’t matter much. 

Reply (87): The “prediction” should be “estimates”. We correct it now. 

Line 110-111: 10 million residents and 10k deaths. This is a yearly mortality rate of 0.1%. When we 

are interpreting the results, a 5% increase would be mortality increasing from 0.1% to 0.105%. This 

really puts the study at a disadvantage – even if there is a statistically significant effect, it is unlikely to 

be substantively meaningful. 

Reply (88): We agree that the relative increase in respiratory mortality rate in current study is small, 

however, it just account for a small part of air pollution related deaths. In view of the huge population 

in the study area (24 million in total which almost equal to the total population in 5 Nordic countries) 

and significant high air pollution, even such a small relative increase might pose a severe public 

health problem. 

Line 135-136: The statement about natural cubic splines seems out of place. Why is it included? 

Reply (89): We included the statement here to justify the selection of natural cubic spline for 

smoothing functions. 

Line 137: Why use the annual average for population size instead of a smaller time unit? 

Reply (90): Because it is the only number about the total population that we could get from the local 

Statistics Agency. 

Line 138: Why not use splines to adjust for NOx and CO? 
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Reply (91): Although there are increasing studies that have investigated the nonlinear and non-

monotone dose-response relationship between air pollutants and adverse health outcomes, most of 

the studies still assume an approximate linear dose-response relationship in a given range of air 

pollution level. We would like to try using splines to adjust for NOx and CO in the future, but it might 

be difficult to give an epidemiological explanation for the effects of NOx and CO on adverse health 

outcomes, 

Line 140: Why use AIC for model selection instead of BIC? Since model averaging utilizes the BIC, 

selection based on BIC is equivalent to selecting the model with highest posterior probability. 

Reply (92): Although AIC and BIC are both maximum likelihood estimate driven and penalize free 

parameters in an effort to combat over-fitting, AIC does not depend directly on sample size. Moreover, 

generally speaking, BIC favors more parsimonious models than AIC and presents the danger that it 

might under-fit. Honestly, we used AIC because it seems that more people are familiar with the 

abbreviation and it appears more frequently in papers than BIC does. Furthermore, in most of the 

cases, they agree on the preferred models. 

 

Lines 142-171: The entire discussion of BMA needs to be cleaned up. A few points: 

First, it is not clear at line 142 why we are using BMA and what the model we are averaging over are. 

Perhaps, it would be best to first describe the models to be average over and why we need to 

average over them. 

Reply (93): The reason of using BMA and the models to be averaged over were added. 

Second, it would be better to define the Mk notation before (2). 

Reply (94): The definition of Mk was give before (2) now. 

Third, line 149 – Mk is not the true underlying model for D. 

Reply (95): No, it’s not. We revised it as “Mk is one of the potential underlying models for data D with 

a prior probability pr(Mk) that it is true”. 

Fourth, the connection between (3), (4), and (8) is not discussed. (8) is an approximation of (3) that 

use the BIC to approximate the Bayes factor. The Bayes factor is the ratio of (4) for two different 

model choices. (3) can be rewritten in terms of Bayes factors instead of the marginal likelihoods. 

Reply (96): The explanation of equation (3), (4), (5) and (6) refers Hoeting et al. (1999) article and we 

included the citation now. Of course, we would like to see another form of equation (3) as the reviewer 

suggested that using ratio of (4) as Bayes factor. 

Fifth, it needs to be clear that this is an approximate posterior for two reasons. First, we use BIC to 

approximate Bayes factors. Second, in (5) and (6), the E[beta|D,Mk] and the variance of the same 

term are the posterior mean and variance of the parameter of interest. The point estimates and 

variance returned from existing functions to estimate GAMMs may not correspond to the posterior 

mean and variance. 

Reply (97): Thanks for the reviewer’s comments. We incorporated the comments in the paragraph 

now. 

Sixth, BIC with a bar over it in (8) is not defined. 

Reply (98): It was defined now. 

Seventh, what priors are used on the parameters? 

Reply (99): The prior used was non-informative uniform distribution. See equation (9) 

Line 289: The focus of the paper was not R code, so this was not demonstrated. 

Reply (100): The sentence was revised now. 
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Line 290-291: “Our main interest was not the estimated coefficients but the uncertainty of the 

estimation from different modeling strategies.” More specifically, you capture the uncertainty in the 

number of knots using BMA. As indicated later in the discussion, there are other sources of 

uncertainty (e.g. selection of covariates). Why not consider all sources of uncertainty simultaneously? 

Reply (101): Thanks for the reviewer point out this. There are two major reasons that we did not 

incorporate other sources of uncertainty:  

(1) Because the number of the models grows exponentially with the number of variables and knot 

combinations, and convergence problem exists, the modeling task could not be done by loop and had 

to be checked manually in some cases. It was extremely time consuming. 

(2) In the real world data, different variables had different missing patterns and the models were 

not nested, thus it was difficult to evaluate the goodness of fit of the numerous models. 

However, we hope we can solve the convergence problem with the new version of the R packages 

and using a simulation dataset to explore this question in the near future. 

Table 4: It would be nice to have the posterior model probabilities included in this table. 

Reply (102): The posterior model probabilities were included now. 

 

VERSION 2 – REVIEW 

REVIEWER Juleen Lam 
University of California, San Francisco 

REVIEW RETURNED 08-Jun-2016 

 

GENERAL COMMENTS I am pleased to have the opportunity to review the re-submit of Fang 
et al. As stated in my earlier review, this is a very important topic 
generally for environmental health; in particular the focus on 
incorporating model uncertainty in effect estimates is a question of 
interest that I feel warrants more attention by more researchers. The 
authors here have done a solid job addressing my comments and 
recommendations, and restructuring the manuscript so that their 
goal of exploring the impact of different modeling approaches is 
clearer and better supported. I believe the authors have sufficiently 
addressed both my and Reviewer #2’s suggestions, and as a result I 
believe this manuscript is now an excellent reflection of this research 
and stands as an important contribution to this scientific field. 
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