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Section 1.  Introduction 
 
This report compiles the results of an objective peer review of the environmental Benefits Mapping and 
Analysis Program (BenMAP), which is the U.S. Environmental Protection Agency’s (EPA’s) new health 
impact and benefits assessment software.  RTI arranged for reviews by three leading experts, each of 
whom has distinct and particularly relevant experience for evaluating the scientific accuracy, credibility, 
objectivity, and technical appropriateness of BenMAP.  The experts are: 
 

•  Dr. Alan Krupnick (Resources for the Future).  Dr. Krupnick is an environmental economist and 
one of the leading experts in the field of benefits assessment and nonmarket valuation for 
environmental policy.  Through his extensive research in the field and his participation in EPA’s 
Science Advisory Board (SAB) Subcommittee for Review of the 812 Cost-Benefit Study, 
USEPA (1998–99), he is particularly knowledgeable about the context and challenges related to 
developing this type of national-scale benefits assessment model. 

 
•  Dr. Nino Künzli (University of Southern California).  Dr. Künzli is an environmental 

epidemiologist with an emphasis on air pollution epidemiology.  As a member of both the 
National Research Council’s Committee on Estimating the Public Health Benefits of Proposed 
Air Pollution Regulations and EPA’s SAB Advisory Council on Clean Air Compliance Analysis, 
he has a particularly strong understanding of how the results from existing epidemiological 
studies can best be applied in a national-scale model like BenMAP. 

 
•  Dr. George Christakos (University of North Carolina).  Dr Christakos is an environmental 

scientist and engineer with a broad multidisciplinary background in environmental modeling.  He 
offers particular expertise in the application of geospatial statistics and uncertainty analysis in 
integrated environmental models. 

 
Additional information about each of the reviewers’ backgrounds and qualifications is provided in 
Appendix B. 
 
The reviewers were provided with an executable version of the model, the BenMAP User’s Manual, and a 
general description of the model’s main objectives.  With these objectives in mind, they were asked to 
review the model software and documentation and to provide us with their assessment of the model.  
They were also provided with a list of both general and specific questions to serve as a guide in preparing 
their review.  They were asked to address as many of the questions as possible, but to focus primarily on 
areas that correspond best with their technical expertise and interests.  The specific letter describing their 
charge and including the list of questions is provided in Appendix B. 
 
The review comments received from the reviewers are included (with only minor editing) in the following 
three sections. 
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Section 2.  Review by Alan J. Krupnick, Senior Fellow, Resources for the 
Future 

 
I have organized this review by simply filling in responses to the questions asked of me by RTI.  Overall, 
this effort is astonishing in its comprehensiveness and flexibility.  That said, I do have a number of 
concerns about it and suggestions for making it better, detailed below. 
 
 
1. General: 
 

a) Does BenMAP provide a useful and sensible structure for addressing policy analysis needs? 
 
BENMAP provides many of the key pieces for addressing the benefits side of policy analysis, 
although it is limited to health effects and several pollutants, can only analyze one pollutant at a time 
and does not provide any help in linking concentrations changes back to emissions.  Although these 
are limitations, no other available model overcomes them.   
 
b) Does it provide adequate flexibility to users for addressing important policy questions? 
 
Although BenMAP provides enormous flexibility in the construction and use of C-R functions and 
the treatment of monitored and modeled air quality data, this flexibility in the model may not be 
utilized by most users, who may not have the sophistication or the need for utilizing the flexibility 
provided.  On the other hand, it provides limited flexibility for doing what I think many users will 
want – pulling C-R and valuation functions in and out of the model – and easily seeing the effect this 
has on total benefits.  It is not as if the model cannot perform this task.  It is just that one needs to take 
a significant number of steps to get to this point.  And another area I think users will care about – 
simply seeing how air quality concentrations change in response to various rollback or standard 
meeting scenarios – doesn’t appear to be available with this model, even though it contains the air 
quality data.  (In other words, given the time I had to fool around with the model, I couldn’t get this 
information out of it.) 
 
My suggestion is that a new sub-component of the air quality/population part of the model be created 
which collapses this information into tables that do not need to be recomputed (which takes several 
minutes at least).  Then users, if they wish, can focus on the effect of using alternative C-R functions 
and valuation functions and on the effects of simple air quality change scenarios.   
  
c) Are the different components of the model appropriately defined and linked to one 

another? 
 
Most components of the model are appropriately defined and linked.  An exception is the mapping 
functions, which I find problematic (see below).  
 
 
2. Input Databases:  Keeping in mind that some of the input databases are fixed in the model and some 
can be adapted or supplemented… 
 

a) Are the fixed input databases appropriately selected and defined using 
•  Census and projected demographic data? 
•  Modeled air quality data? 
•  Baseline incidence data? 
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I don’t see why these components (particularly the population and baseline risk data) need to be hard-
wired.  It seems like it would be simple to give users the option here.  This would increase the research 
use for the model and its applicability to use in other countries.   
 

b) Are the adaptable input databases appropriately selected and defined for 
•  Monitored air quality data? 
•  Concentration-response functions? 
•  Valuation functions? 

 
You have completely “punted” on the valuation component, particularly the VSL.  This model is 
supposed to be both a policy analysis and research tool and should therefore reflect the wide ranging 
literature on the VSL and VSLY, as well as producing life year change estimates.  As it is now, the model 
appears to embody the traditional EPA agenda, which I think is not very helpful to many users.  Also, I 
couldn’t find numbers from Mrozek and Taylor in Exhibit H-1.  Perhaps “based loosely” is supposed to 
provide cover for this omission, but I would urge more directness here. 
 
On the C-R functions, the included set seems reasonably comprehensive, although it is unclear from the 
table to the left (when one uses the DATA menu) which functions are for ozone and which are for PM or 
something else.  And there ought to be a way for all functions on the left panel to be displayed at the 
touch of a button, rather than having to click on everything.  My overriding philosophy about such models 
is to make the manual as little needed as possible.  I think you have a different philosophy.   
 
Also, it might be more enlightening if only unique functions were shown.  Now, you have artificial age 
breakdowns for many of the functions.  This adds clutter to the list and gives the impression there are 
more independent functions than there really are. 
 
It would help if the C-R functions viewable through the Data menu were grouped by pollutant.  At present 
I couldn’t easily figure out the list of PM2.5 and ozone functions. 
 
One or more sulfate functions are listed.  Can these be used by the model in actual calculations?  If so, 
how? 
 
Also, I am a bit unclear about the criteria for including functions and results.  For instance, Ito and 
Thurston (1996) is included for ozone ST mortality and the manual says that they considered PM along 
with ozone.  But the manual does not list Ito and Thurston’s results under the PM C-R functions.  Further 
deepening the mystery, BenMAP notes that Ito and Thurston estimated a model for ozone with PM, but 
also doesn’t list any of the PM results.  Is this just an oversight?  I found the same problem for Kinney et 
al and Samet et al.  While the answer may be that you have decided to only include PM2.5 results and the 
functions listed above are for PM10 or TSP, I think this is a bad idea and that all PM results should be 
included.  In any comparison of ozone and PM importance, one should have results from studies that 
looked at the multiple pollutants, not limited to PM2.5 on the particle side.  Also, more generally, why is 
there only one C-R function in the PM C-R ST mortality appendix listing multiple pollutants? 
 
I would like more explanation about how incidence and prevalence (Exhibit 9-1) are used in the 
functions. 
 
I got error messages when I tried to click on most of the variables listed under Available County 
Variables.  I tried to get a look at the raw data but couldn’t figure out how to do it. 
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3. Exposure Estimation Algorithms:  To spatially and temporally align population, air quality, and 
incidence data as inputs to the concentration-response functions, BenMAP uses several estimation and 
interpolation algorithms. 
 

a) Are these methods scientifically sound and appropriate for 
•  interpolating and projecting population estimates for non-Census years? 
•  estimating population subgroups (e.g., by age, gender, ethnicity, etc.)?  
•  estimating the spatial distribution of populations and linking them to air quality grids? 
•  spatial and temporal interpolation of pollutant monitoring data? 

 
It is very difficult to comment on these issues because the model is not designed to report out monitor, 
population and exposure information. 
 

b) Does BenMAP offer an appropriate menu of interpolation options for estimating 
exposures? 

 
I have no expertise here. 
 

c) Do these methods provide appropriate inputs for the class of concentration-response 
functions allowable in the model? 

 
I have no expertise here. 
 
 
4. Aggregation and Pooling Methods:  BenMAP offers alternative approaches for spatially 
aggregating health effects estimates and for pooling separate estimates of health effects for valuation. 
 

a) Does BenMAP offer an appropriate menu of aggregation and pooling options? 
 
I am not clear how the values are aggregated in a way that avoids double-counting.  The section on 
interdependent/dependent/addition/subtraction may be where these operations are intended, but there 
should be a default endpoint aggregation routine with the list of default endpoints.  Then the user can start 
here and be able to move functions in and out and also edit the aggregation equation.  I would also add an 
example to explain to readers what these “summing distribution” functions (pg. I-9 and also earlier in the 
body of the text) really do. 
 

b) Do these methods provide appropriate inputs for the class of valuation functions allowable 
in the model? 

 
Yes. 
 
 
5. Uncertainty Analysis Methods:  BenMap offers options for including and evaluating how 
uncertainty regarding (1) C-R relationships and (2) valuation functions affect model outputs? 
 

a) Does BenMAP allow the user to adequately and appropriately specify uncertainty for these 
two areas? 

 
Yes. 
 



2-4 

b) Are the uncertainty routines properly specified and incorporated in the model? 
 
Yes. 
 

c) Without greatly complicating the structure of the model, are there additional areas or types 
of uncertainty that could or should be incorporated in BenMAP? 

 
My first issue with the handling of uncertainty in BenMAP concerns aggregation.  I believe the ultimate 
purpose of the uncertainty analysis is to enable computation of a probability distribution on the aggregate 
benefits.  This is evidently accomplished through the Add Sums button.  This fact took me a long time to 
figure out and should be much more apparent in the write-up and on the software screens.  It would help 
if ADD SUMS were not an option, but was a default.  How this would be done, I don’t know.  Maybe the 
first row would automatically be checked so the user can see that the total line is filled in. 
 
As for other areas of uncertainty to incorporate, it would not be difficult to add population uncertainty to 
the model, as the Census publishes various population scenarios.  Baseline mortality and other baseline 
health rates are probably estimated with uncertainty and, if so, could be easily added.  Uncertainties in air 
quality would be a very important addition to the model, but the literature is probably not rich enough to 
support such a step.    
 
 
6. Report and Mapping Results: BenMAP offers several options for reporting and mapping air 
quality, population, incidence, and valuation data and results. 
 

a) Do these options provide an adequate and appropriate framework for displaying results? 
 
As noted above, I had lots of trouble figuring out how to get data reports for air quality and population, 
although the maps would give monitor location and readings.   
 

b) Are the results displays appropriately specified and configured to address the intended uses 
and analytical needs of BenMAP (as defined above and in the model documentation)? 

 
The mapping function is a cool idea but it is badly executed in some respects.  The most glaring  
Problem is the color scheme.  By shading/blending colors between two different primary colors at the 
ends of the range of the variable being displayed, the observer cannot discern differences in the map.  I 
think it is pretty useless.  I would argue that discreet colors be assigned to different binned values of the 
variable being mapped, or at least that such an option be available. 
 
 
7. User Interface and User Guide:  BenMAP is a menu driven interactive software tool with multiple 
options and features, as described above. 
 

a) Is the user interface appropriately organized, easy to use, and easy to follow?  Through the 
user interface, are the options and features well described and easy to navigate? 

 
I found the set up intimidating and not that helpful.   
 

b) Is the user guide appropriately organized, easy to use, and easy to follow? 
 
I took two hours to carefully go through the chapter 3 tutorial, which was well-written and clear and led 
me through flawlessly.  I ran into lots of trouble when I tried to stray from the tutorial.  I had most 
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problems with the mapping guidance, which was too brief and not helpful.  I had trouble getting the 
various buttons to work and am not sure what some of them really are for.   
 

c) Does the user guide appropriately complement and correspond with the user interface? 
 
The User Guide is essential for learning to use the model, unlike friendlier software where the guide is 
mostly a backup.  This should be made clear to people. 
 

d) Does the user guide provide the necessary explanation and background for installing and 
running the model, selecting options, and displaying results?   

 
See above. 
 

e) Does the user guide adequately explain the model’s objectives and the model’s underlying 
structure, assumptions, data, methods, and routines? 

 
I still don’t know who the audience is for this product.  Thinking more about that and modifying the 
manual to meet the needs of those groups individually might help. 
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Section 3.  Review by Nino Künzli, Associate Professor at Keck School of 
Medicine, University of Southern California  
 
It was a pleasant experience to test this BenMap version.  The product is very ambitious and both 
technically and scientifically on a very high standard.  There is obviously superb expertise and a strong 
professional commitment behind this impressive product. 
 
Below are my comments, mostly related to the specified questions (as received from RTI), sometimes 
integrated at the end of several questions. 
 
 
1. General: 
 

a) Does BenMAP provide a useful and sensible structure for addressing policy analysis needs? 
 

The overall structure is useful.  The program is, however, a very ambitious collection of complex data and 
scientific issues, ultimately packed in a ‘black box’.  This raises the question about the needs and skills of 
users (target audience) of BenMap.  The choices appear to be endless, thus, the determination of some 
default functions (or choices) might be needed (among less specialized users).  E.g., if risk assessors in 
county health departments will use BenMap:  given the many choices, it might be useful to have some 
clear defaults to make results across counties comparable.  
 

b) Does it provide adequate flexibility to users for addressing important policy questions? 
 
There is ample flexibility.  As mentioned above, there might be too much.  In making choices along the 
process of combining exposure models and C-R-functions, the user remains in the dark about how 
decisions may affect the results.  
 

c) Are the different components of the model appropriately defined and linked to one another? 
 
Yes, the components are.  Related to the above concerns, within the components it is less easy to keep the 
overview.  
 
 
2. Input Databases:  Keeping in mind that some of the input databases are fixed in the model and some 
can be adapted or supplemented… 
 

a) Are the fixed input databases appropriately selected and defined using 
•  Census and projected demographic data? 
•  Modeled air quality data? 
•  Baseline incidence data? 
 

b) Are the adaptable input databases appropriately selected and defined for 
•  Monitored air quality data? 
•  Concentration-response functions? 
•  Valuation functions? 

 
Given that the whole process is a ‘moving target’, given the never ending flux in research activities, I 
wonder what strategy BenMap will implement to update both the fixed input databases as well as the 
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available defaults for the adaptable input databases.  E.g., as of 2004, the software still projects 
demographic data from 2000.  It might be useful to determine a concept of updating BenMap. 
 
The Manual mentions the selection process in choosing studies for the C-R-functions.  These choices are 
usually not clear-cut but a continuum, and I wonder how new studies will be fed in, and how/when/why 
studies that are currently used will be dropped.  E.g., the study year was one criterion; nevertheless, a very 
old asthma study still plays a dominant role (1980).  This choice appears somewhat contradicting the 
selection criterion.  Do we really need this study, although air quality, populations, and baseline incidence 
of asthma (and treatment) changed substantially over the last 25 years?  
 
As a general rule, the most valid results originate from models where the exposure period, pollutant, 
exposure assignment methods, population choice and aggregation, outcome definition, and outcome 
measurement procedures in the original epi studies are as close or similar (in time and methods) as 
possible to those used in the benefit model.  It is currently not easy to understand the ‘validity score’ of all 
the input options. 
 
 
3. Exposure Estimation Algorithms:  To spatially and temporally align population, air quality, and 
incidence data as inputs to the concentration-response functions, BenMAP uses several estimation and 
interpolation algorithms. 
 

a) Are these methods scientifically sound and appropriate for 
 

•  interpolating and projecting population estimates for non-Census years?  YES 
•  estimating population subgroups (e.g., by age, gender, ethnicity, etc. )?  YES – see below 
•  estimating the spatial distribution of populations and linking them to air quality grids?  

YES – see below 
•  spatial and temporal interpolation of pollutant monitoring data? 

 
The proposed methods are, in it self, appropriate.  There is not enough discussion/caveats given for the 
user to emphasize the discrepancies between the many options offered by BenMAp to specify populations 
and exposure on very small scales (grids; subgroups), and the often much cruder level in the studies that 
provide the C-R-functions (e.g., in Appendix B, Population Data issues and Appendix C Exposure).  
 
It is not discussed that the uncertainty in the final results also depends on the choices of grid size and/or 
group definition (e.g., age range) and the level of aggregation.  The users should be aware that the most 
valid assessment can be derived from a model that uses population definitions and exposure assignments 
on exactly the same level of specification and aggregation as done in the underlying epidemiological 
studies.  This is often not possible, but an important concept to communicate to not misguide the user.  
Although appealing to go to the smallest possible units of aggregation, this is not necessarily better or 
more appropriate given that the C-R-function may not be known at this level of specification.  BenMap 
should deal with this issue in some way and educate the user.  The problem will become more apparent as 
soon as C-R-functions get published using different scales of aggregation, such as the ‘crude’ approach 
taken in the Pope et al. ACS studies which is soon complemented by a Jerrett et al. model using exposure 
information on a much smaller geographic scale, derived from PM2.5 surfaces of a Western metropolitan 
area.  Such studies will give the empirical evidence for an issue that is obvious from a theoretical 
perspective but difficult to quantify without data:  namely that C-R-functions depend on the level of 
geographic aggregation in the exposure domain and the population definition.  So far, most 
epidemiological studies assume that all people living in a rather large area – larger than some grid cells – 
experience the same exposure; or effects are reported for a group of mixed ages. 
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b) Does BenMAP offer an appropriate menu of interpolation options for estimating exposures? 

 
c) Do these methods provide appropriate inputs for the class of concentration-response functions 

allowable in the model? 
 
I repeat my concerns mentioned above.  The models may provide much better estimates of true exposure; 
but epi studies might have used other models to derive the C-R-function.  Thus, the C-R-function for 
otherwise determined (more sophisticated, better) exposures is in essence unknown (in a strict sense). 
 
 
4. Aggregation and Pooling Methods:  BenMAP offers alternative approaches for spatially 
aggregating health effects estimates and for pooling separate estimates of health effects for valuation. 
 

a) Does BenMAP offer an appropriate menu of aggregation and pooling options? 
 
Yes; but some guidance for a “default” would be helpful. 
 
The pooling across the many studies offered for some outcomes makes it a challenge (or requires in-depth 
knowledge) to make adequate choices.  This is particularly the case in such diverse outcomes as the 
asthma attack domain.  Different studies determine asthma attacks or exacerbations or symptoms in very 
different ways, leading to rather different baseline incidences (and probably also different C-R-functions).  
Accordingly, the incidence rates vary substantially for the various input studies.  It is not clear which of 
all these studies might be pooled or better not. 
 
The D-15 comments on single pollutant versus multipollutant: the arguments are debatable, thus the 
choice of the multipollutant results should be made with some caution.  Not sure that a single pollutant 
overestimates by default.  One could argue the other way round and trash the multipollutant models, even 
– or particularly – under a PM policy perspective.  E.g., assuming high collinearity between two 
pollutants (from same sources), the single PM model is the much more relevant whereas the two-pollutant 
model would adjust for a major part of the exposure of interest and potentially create meaningless 
estimates.  I see no problem for PM and/versus O3, but would not generalize or too enthusiastically 
promote the multipollutant choice beyond these two. 
 
Section D-16 ff. is very much written from a time-series perspective.  If the user wants to generalize to 
other designs, things get somewhat less straightforward. 
 

b) Do these methods provide appropriate inputs for the class of valuation functions allowable in the 
model? 

 
 
5. Uncertainty Analysis Methods:  BenMap offers options for including and evaluating how 
uncertainty regarding (1) C-R relationships and (2) valuation functions affect model outputs? 
 

a) Does BenMAP allow the user to adequately and appropriately specify uncertainty for these two 
areas? 

 
To specify, yes.  Several of my comments mentioned above refer, however, to uncertainties and I think 
that for most users the current Manual may give an insufficient or somewhat hidden perspective on 
uncertainties. 
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Uncertainty is currently mostly an Appendix.  It might get a more prominent position. 
 

b) Are the uncertainty routines properly specified and incorporated in the model? 
 
See above. 
 

c) Without greatly complicating the structure of the model, are there additional areas or types of 
uncertainty that could or should be incorporated in BenMAP? 

 
See above.  Some guidance about what to pool and what not, or sources of not quantified uncertainties, or 
defaults of ‘least uncertainty’ would be helpful. 
 
 
6. Report and Mapping Results: BenMAP offers several options for reporting and mapping air 
quality, population, incidence, and valuation data and results. 
 

a) Do these options provide an adequate and appropriate framework for displaying results? 
 

b) Are the results displays appropriately specified and configured to address the intended uses and 
analytical needs of BenMAP (as defined above and in the model documentation)? 

 
•  I thought the mapping (on screen) is very nice and easy to use.  I could not figure out how 

to see the county names when clicking in the map nor is this shown in the output tables. 
•  The meaning of the results (such as the annual increase in cases) is so important that I 

recommend making this more obvious on the screen (e.g., while clicking into the grid 
map to see results).  This key information is currently only stated in the Manual on page 
3-21. 

•  The default labels ResultX, POP_X etc.: not very user friendly outputs. 
 
 
7. User Interface and User Guide:  BenMAP is a menu driven interactive software tool with multiple 
options and features, as described above. 
 

a) Is the user interface appropriately organized, easy to use, and easy to follow?  Through the user 
interface, are the options and features well described and easy to navigate? 

 
•  In general, it is easy to use or easy to learn within rather short time.  The Manual is, 

however, a crucial source in the process of use.  Some key aspects of that guidance might 
be integrated directly on screen.  E.g., the gray boxes in the Manual could be important 
“pop-ups”. 

 
•  Some steps do not explicitly offer a ‘back’ function button, other windows do.  It 

happened to me that I chose CANCEL instead of closing a window when I was not sure 
how to go back (e.g., in Step 3 of example, p. 3-3).  This cancelled all the previous steps, 
thus I had to start all over. 

 
•  In case where tables get much bigger than the screen, choosing functions within the table 

(e.g., pooling method) moves the table to the start position (top), thus one has to scroll 
down again to search for the next line.  This is inconvenient. 
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•  Step 6:  Dragging several groups into the right screen (Select Pooling Methods) seems 
not to be possible yet.  It has to be done one by one.  Would be nice to drag many lines at 
once. 

 
•  Step 6 B) 3-9:  very repetitive action to chose valuation methods over dozens of lines. 

 
•  Elements in Preview (display option):  not so clear what this really is (e.g., p. 3-15). 

 
b) Is the user guide appropriately organized, easy to use, and easy to follow? 

 
I found it well done.  Issues are complex and cross various chapters, thus some Index will certainly be 
welcomed by users. 
 

c) Does the user guide appropriately complement and correspond with the user interface? 
 
Yes. 
 

d) Does the user guide provide the necessary explanation and background for installing and 
running the model, selecting options, and displaying results?   

 
Yes.  The front-up example is a good idea.  There could be some more references to the in-depth chapter 
while going through the example (as it raises many questions some might like to read more about 
directly).  E.g., Step 2 could refer to the chapter where Grid Creation Model is explained; similarly Step 3 
etc. 
 

e) Does the user guide adequately explain the model’s objectives and the model’s underlying 
structure, assumptions, data, methods, and routines? 

 
•  In general, yes.  My main comments above, however, did not get much room in the manual and 

may need some paragraphs.  
 

•  The default functions could be communicated, with arguments for their choice, advantages, or 
disadvantages.  It is currently difficult to understand what the defaults or best choices are and 
why.  A table or flow chart with a few defaults might help. 

 
•  It might be useful to provide a few examples (e.g., one table for one single outcome) showing the 

results for various choices in the input functions (e.g., all the exposure model choices).  It could 
give some idea about which choices make a big difference and which are just a question of style, 
preferences or availability of data. 

 
•  5-1 summarizes the choices.  A flow chart (similar to Exh 01 , p ii) might be helpful to see the 

tree of choices and where to save what aspects of the configuration. 
 

•  5-1 gray box:  per person per year.  Other sections provide numbers per 100 persons.  Might be 
confusing and become a source of errors. 

 
•  5-3 Threshold section:  it might helpful to explain what happens in the calculation if one uses a 

non-0 threshold.  It ignores all the effects that one can assign for exposure between 0 and the 
threshold.  Given that almost everybody is exposed to these low levels, it can have a very 
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substantial effect on the estimates (Künzli N, Eur Respir J 2002; 20:198-209), unless they cancel 
out for difference measures.  

 
•  5-4:  May clarify:  is there any single value in the Latin Hypercube Points results exactly identical 

to what we get with the Point Mode?  It reads as if this were true; I doubt it is. 
 

•  5-7 last paragraph could start with:  As shown in the next figure…. (reads as if it relates to 
previous figure – but it does not apply there at all). 

 
•  8-18:  how can I export a shapefile? 

 
•  E-9:  E.7.1 specify whether this is the attack rate per year per 100 people with asthma or per 100 

people in the population. 
 

•  F1.1. page F-3 and F-6: Pope et al is not necessarily the better study, and the advantages provided 
could be seen also as disadvantages.  It is certainly the largest and best to generalize across U.S. 

 
•  “Historical air quality trends discussed above”:  where?  Read paragraph again. 

 
•  It was not clear to me what the rational was to order all these F1.X chapters the way they are.  By 

year?  Relevance?  Size? 
 

•  It is, in general, a very long chapter, some what repetitive and not easy to keep track (structure).  
Some subheadings might help to organize this better? 

 
•  Exhibit F-3 p F-19:  add prevalence and incidence, respectively as this is very important (and well 

discussed in the chapter). 
 
A few typos/edits such as: 
 

•  3-7: first line 
•  5-11 Last question 
•  6-11 If you pool… First bullet 
•  B-6, first sentence “To estimate….” 
•  D-1, first sentence 
•  D-22, last para, first sentence. 
•  E-6 top, line 4 (per) 

 
A few other minor points: 
 

•  Baseline and Control could be explained in the Common Terms section. 
•  I was not too happy with the choice of the Y0 label for the baseline, thus to see the Y0 in the 

numerator of the RR.  The 0 is very often used as the ‘non exposed’ or ‘less exposed’, thus, 
appears in the denominator. 

•  E7.9, page E-11 Exh. E-8:  it is not clear how the last line was used.  Male +27 versus the above 
total population estimates. 
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Section 4.  Review by George Christakos, Professor, Department of 
Environmental Science & Engineering, University of North Carolina 
 
 
Part I:  SUMMARY: 
 
The goals of BenMAP are directed toward a customized human exposure assessment (HEA).  HEA is a 
subject of great importance, from a scientific and a societal point of view.  It is also a subject of 
considerable difficulty, at the levels of methodology, theory and application.  Unfortunately, BenMAP 
does not achieve its goals to a satisfactory degree, especially considering today’s advancements in HEA.  
In my view, the BenMAP approach suffers from a number of conceptual, methodological and practical 
drawbacks and, thus, it needs a major revision and redesign.  More specifically:   
 
§1. Methodology:  BenMAP’s approach lacks a sound methodological support in the context of 
integrated HEA (IHEA).  In BenMAP, health impact assessment as a whole is achieved solely from 
knowledge of its parts (air quality monitoring/modelling, population projections, exposure, health effects, 
etc.;  see p. ii of the manual).  However, the IHEA has a strong holistic component, i.e., health impact 
assessment as a whole cannot be achieved solely from knowledge of its parts –it emerges from the 
integrated whole itself.  Indeed, BenMAP fails to realize that human exposure is an interdisciplinary 
science that requires a deep understanding of the epistemic processes (critical reasoning, cognitive states, 
logic rules, etc.) of synthesizing information from different scientific disciplines (atmospheric physics, 
chemistry, biology, toxicology, statistics, epidemiology, demographics, etc.).    
 
§2. Internal consistency:  BenMAP does not provide an adequate consideration of the internal 
consistency between the formal part (mathematical theory, techniques etc.), on the one hand, and the 
interpretive part (physical meaning of mathematical terms, justifications for the formal assumptions, etc.), 
on the other.  The lack of an internal consistency account does not allow the BenMAP user to gain 
valuable insight regarding crucial connections of the formal methods with experience (including 
physically testable hypotheses, interpretation of the exposure maps, experimentation guidance, etc.).   
 
§3. Exposure estimation/interpolation:  BenMAP’s discussion of salient spatiotemporal data analysis 
and processing issues is weak and seriously outdated.  This is true as regards interpolation techniques, 
composite space-time analysis, and uncertainty assessment alike.  In particular:   
 

- BenMAP employs either simplistic algorithms (e.g., closest points, neighborhood 
averaging) or a primitive geostatistical technique (i.e., the ordinary/block kriging).  
The latter technique is used as a panacea, even in cases in which the underlying 
geostatistical assumptions are not physically meaningful.   

 
- Other (than ordinary kriging) and more powerful members of the kriging family are 

ignored by BenMAP, including intrinsic, simple and disjunctive kriging.  Intrinsic 
kriging is much more appropriate than BenMAP’s use of ordinary kriging, when one 
deals with spatially non-homogeneous and/or temporal non-stationary air pollutant 
distributions.  Disjunctive kriging is much more powerful than ordinary kriging, 
when one deals with non-linear pollutant estimates (a common situation in exposure 
studies).  Thus, BenMAP did not realize that not the same type of kriging applies to 
all physical problems, and this is why other types of kriging have been developed.    

 
- BenMAP considers one attribute at a time.  However, many times in real-world 

exposure studies one needs to consider several attributes acting in synergy.  The 
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situation could be handled, at least at an introductory level, by vectorial Wiener-
Kolmogorov estimators or cross-kriging, which are also ignored by BenMAP.    
 

- BenMAP disregards modern temporal GIS techniques, which are often more 
adequate for interpolation or prediction purposes than any member of the kriging 
family.  This group includes the Bayesian maximum entropy (BME), the generalized 
functions, and the Kalman filter techniques (classical and extended).  These 
techniques are more adequate than kriging when physical, toxicological, epidemic, 
etc. models need to be incorporated in the IHEA study, or the kriging assumptions 
are physically meaningless, etc.  It is strongly recommended that the “Modern 
Spatiotemporal Geostatistics,” as well as the “Temporal GIS,” literature be reviewed 
in the process of revising BenMAP.      

 
- The most salient space-time correlation assessment tools of exposure mapping 

(covariances, variograms, etc.) are not part of the current BenMAP analysis and 
modelling.  Instead, BenMAP requires that these tools are obtained using “external” 
programs.  This approach can cause a host of problems, including compatibility 
issues, the lack of an integrated framework, and the danger of deriving “black-box” 
results.  One may recall, e.g., the embarrassing situation in which an environmental 
health research group found itself by using for years an “external” computer package 
to calculate (erroneously) the effects of airborne soot on human health (see, 
“Statistical error leaves pollution data up in the air.”  In Nature, 417: 667, 2002;  and 
“Data revised on soot in air and deaths.”  In New York Times, June 5, 2002).  This 
incident shows that even experienced research groups, when required to use 
“external” computer packages, tend to do it in an uncritical manner (considering them 
as “black-boxes”, without checking whether changing certain parameters affects the 
outcome, and neglecting to adjusting them, if necessary). 
 

- Composite space-time analysis is essentially absent in BenMAP.  Important aspects 
of a composite analysis, such as metrics (distances in space-time), cross-correlations 
and dependencies between spatial and temporal exposure processes, are not covered 
in the BenMAP manual.  Similarly, spatial and temporal differentiation (micro-
environment variations at a specific geographical location vs. space-time cross-
correlations between different locations and time periods) is not a topic addressed in 
BenMAP.   

 
- Simple ratios are used as the methods of choice for space- and time-scaling (see, p. 

C-3-6).  These simplistic methods are highly questionable, especially when the 
forecasting of exposure variables is considered.    

 
- BenMAP only maps annual averages.  But this averaging is usually a simple 

arithmetic mean (p. C-13) rather than a weighted integration that adequately accounts 
for the functional form of the space-time domain and cross-dependencies between 
pollutant values across space-time.    

 
§4. Uncertainty evaluation:  BenMAP treats uncertainty basically in terms of variability among 
different studies (see, e.g., Appendix I).  This is an inadequate definition of an extremely important 
concept.   
 

- Uncertainty is an epistemic concept describing one’s state of incomplete knowledge.  
The epistemic interpretation of uncertainty distinguishes it from natural variability, 
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which is rather an ontologic concept describing the space-time distribution of a real-
world phenomenon.   

 
- The term “pooling,” on the other hand, is associated with the so-called study 

variability, which is evaluated by combining the results of different studies.  
According to BenMAP, using study variability to improve the estimation of human 
exposure parameters constitutes “a second-best but still valuable way to synthesize 
information” (see, p. I-3).  This claim is highly questionable and should be 
reconsidered.  Deriving uncertainty about exposure parameters on the basis of the 
outcomes of similar studies begs the question of what is meant by the term “similar” 
(e.g., distinctive features of the studies included in the uncertainty analysis, and 
appraisal of the C-R models considered).  It is not clear how many of these “similar” 
studies are needed for an adequate assessment of uncertainty.  It is not specified how 
one can be sure that variability between studies is not associated with uncertainty 
sources but rather with natural changes (natural trends, etc.).  Also, important effects 
associated with the exposure environment under consideration (space-time patterns, 
structure, etc.) are not accounted for in the pooling-based definition of uncertainty.   

 
- The Latin Hypercube mode employed by BenMAP is a primitive way to look at 

uncertainty by generating histograms of possible incidence changes.  Among other 
things, such a histogram does not account for the effects on the incidence change at 
the grid-cell ���  of (highly correlated) incidence changes at other space-time points 

��� � � , and does not assess the contribution of other exposure parameters acting in 
synergy.    

 
- An obvious, first recommendation is to express uncertainty in the air quality 

distribution across space-time in terms of the prediction error or the space-time 
integration probability density (see, also, §8 of Part II below).   
 

- Another recommendation is a law-based derivation of uncertainty.  E.g., the 
uncertainty in the expected health effect can be derived as an analytical function of 
the exposure parameters (concentration, etc.) through the C-R and toxicokinetics 
laws.  The former often have an algebraic form, whereas the latter usually involve a 
physiology-based differential equation.     
 

- The consequences of uncertainty transcend the domains of the two most significant 
constituents of scientific development: explanation and prediction.  Thus, this part of 
the BenMAP manual needs to undergo a major revision seeking a scientifically 
strong analysis of uncertainty.    

 
§5. Estimation of adverse health effects:  The main issues of our current ignorance concerning adverse 
health effects are related to causality (concrete sources), biological mechanisms, susceptible subgroups 
and the existence of thresholds.  In view of these considerations, the discussion of the subject of adverse 
health effects in the BenMAP manual is uneven.  In particular:    
 

- The BenMAP manual offers, indeed, an extensive list of the empirical concentration-
response (C-R) functions available mainly in the epidemiologic literature (this is, 
perhaps, the most thoroughly discussed component of the BenMAP approach).  
However, in the vast majority of cases these C-R functions have been derived 
statistically based on “black-box” associations between central-site exposure 
measurements and population-wide health endpoints rather than on sound scientific 
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reasoning.  Characteristic of the situation is that a large number of C-R functions 
exist in the epidemiological literature for the same pollutant and health end-point.  
This situation is reflected in the BenMAP manual, as well.   

 
- There is no discussion in the BenMAP of physiology-based toxicokinetic models.  

These models provide the very important bridge between the exposure of an 
individual to a pollutant and the resulting health effect (in fact, there is a continuum 
of events between exposure and health effect; each biomarker represents an event in 
the continuum; see, also, §7 in Part II below).  Toxicokinetic models predict 
biomarker distribution in human organs and tissues and, thus, they can have serious 
effects on the outcome of the (empirical) C-R analysis.  By omitting the 
toxicokinetics component of IHEA, BenMAP seriously weakens its health damage 
assessment efforts.   

 
- The impression is given that BenMAP’s listing of C-R functions is done in a 

“sponge” kind of way (i.e., different kinds of functions are listed without any deeper 
examination of their relative biophysical values and mathematical properties), rather 
than in a more critical “sieve” fashion (in which only the most significant C-R 
functions are listed and critically evaluated, their relative advantages and 
disadvantages are considered, and insightful recommendations regarding their 
applicability are made).  The fact that the C-R models should never be extrapolated 
beyond the limits imposed by their actual values without any knowledge of the 
underlying biological causes is a fact to be kept in mind when using the BenMAP list 
of C-R models.  Also, a scientific interpretation of the C-R model parameters should 
be considered before employing any model from the BenMAP list.  E.g., do they 
express the rate of exposure-damage change in the specified case study?  Or, their 
meaning is better understood in terms of an elasticity indicator?  Or, something else?    

 
- Scale effects are not discussed.  However, a meaningful characterization of health 

impacts (mortality, incidence rate, etc.) often involves the assessment of their 
spatiotemporal variation at multiple scales.  An adequate space-time estimation 
method, e.g., should depend on the scale at which the health impact is considered 
(city, county, state, etc.) rather than being limited by the scale at which the data are 
available.  The change-of-scale phenomenon should affect the shape of the 
correlation tools used (covariance, variogram, etc.).  The significant impact of all 
these issues in IHEA is not taken into consideration in BenMAP.    
 

- Other crucial health impact factors (e.g., duration and frequency of exposure, intake 
and uptake pathways, compartmental analysis, and summary biomarkers) are not 
given due attention.   

 
- Certain population estimates (p. B-9-10ff) are non-scientific, but rather constitute a 

crude way to generate numbers.  E.g., the demographic definition currently in use 
involves a science-based differential equation, rather than the naïve numerics used by 
BenMAP.  Several other population parameters play an essential role in population 
forecasting.  A revised BenMAP should employ science-based formulas of 
population dynamics, which can be found in the “Applied Mathematical 
Demography” literature.   

 
- A relevant complicating element of IHEA not adequately recognized in the BenMAP 

manual is the question of susceptible subgroups.  One of the reasons for a 
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dynamically evolving influence of air pollution on health could be a changing 
susceptibility in the population due its evolving demographic features.  During a 
period of decades, the fraction of asthmatics in the population, age distribution, 
disease status, Quetlet Index, numbers of diabetics, and number of people with 
cardiovascular diseases have all changed.  Such demographical changes can make the 
total population more or less responsive to air pollution and, thus, temporally change 
the relative risk (RR) value (e.g., at year t compared to year t-10 or t-20).  It is 
recommended that a BenMAP revision think of RR for environmental factors as 
being variable in time and space rather than as a static measure.   

 
- Problems associated with the RR as defined in BenMAP include the fact that often it 

is not obvious what the appropriate baseline and control incidence rates should be, 
what the relevant covariates are, etc.  A reasonable suggestion could be to assess RR 
by means of the holistic space-time human exposure assessment or a stochastic 
physico-epidemiologic predictability criterion (see, also, §§12-17 of Part II below).   

 
§6. Presentation:  There are certain presentation elements that need improvement, including:    
 

- The BenMAP manual lacks a general chapter with rigorous discussion of objectives, 
assumptions, theories, and methods independently of the programming details.    

 
- The framework for displaying results is satisfactory for many spatial environments, 

whereas it is rather inadequate in the case of space-time analysis and mapping.    
 

- The manual does not have an index, which is a useful tool in routine applications of 
BenMAP.   

 
§7. Computer programs:  The computer programs have certain drawbacks and need re-design.  Some of 
these drawbacks are direct consequences of the preceding methodological and theoretical observations, 
whereas some others have a different source.  The latter include:    

 
- The BenMAP computer library does not seem particularly user friendly (this is my 

own conclusion as well as that of my associates whom I asked to test-run the library).  
An introductory course may be needed to prepare the user if he/she is to avoid 
spending a significant amount of his/her time to implement the programs properly.   

 
- While the user interface is appropriately organized, the user guide does not 

appropriately complement and correspond with the user interface.  While testing the 
programs, we obtained several error messages but the manual did not offer sufficient 
assistance to navigate through the programs successfully.   
 

- The BenMAP computer programs are designed to specifically handle annual changes 
of air quality in USA and do not constitute a tool of wide applicability, which was the 
impression given in the first few paragraphs of the manual (p. i).  Also, BenMAP 
does not allow printing directly from the program (see p. 8-18). 

 
- The usefulness of the BenMAP computer library is limited by the fact that some of its 

most important components (e.g., exposure estimation) cannot be used without 
certain “external programs” (e.g., see p. C-14)  This being the case, certain of 
BenMAP’s claims could be deceiving.  Indeed, in the case of exposure estimation, 
the most important Step 1 of kriging is the modelling of the spatial correlation 
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functions (covariance or variogram); the subsequent Step 2 is merely the 
straightforward solution of a linear system of equations.  BenMAP, however, cannot 
perform Step 1, being limited to Step 2.  Hence, the BenMAP user is asked to seek an 
“external” geostatistics computer library to perform Step 1.  Most well-known 
libraries (GSlib, BMElib etc.) perform both kriging steps, in which case one wonders 
why one needs to use BenMAP just for Step 2, especially since the existing 
geostatistics computer libraries are more advanced/complete/tested and, thus, much 
more reliable than BenMAP, in this respect.    

 
§8. By way of a summary, BenMAP could have been a useful tool at the initial, purely inductive level of 
human exposure assessment, which basically involved piling up data and then fitting elementary 
mathematical functions to these data.  Unfortunately, this approach is clearly inadequate at the higher 
IHEA level of scientific explanation and prediction.  In this case, BenMAP needs to be considerable 
revised in order to account for the sophisticated IHEA concepts, models and techniques currently 
available.    
 
 
Part II:  MORE DETAILED COMMENTS AND SUGGESTIONS 
 
§1. Broadly speaking, BenMAP’s two-fold goal is (a) human exposure assessment (HEA) and (b) its 
economic/policy consequences.  We focus on the former without under-evaluating the importance of the 
latter.  Let us focus on the methodological issues of BenMAP.  There are a number of interesting 
connections involved in or resulting from attempts to link research taking place in different disciplines.  
In the HEA context, a central issue is to lay out conceptual and methodological frameworks through 
which cross-disciplinary research can proceed.  The reason for this focus is rather obvious.  One of the 
chief problems is that researchers from different fields approach problems with different conceptual tools 
and methodological orientations.  Thus, high priority should be given to the need to develop integrating 
conceptual and methodological frameworks in which cross-disciplinary HEA research can proceed.  
Methodological standards are important for the additional reason that they act like teachers:  they give 
marks to human exposure models and evaluate the adequacy of their techniques.    
  
§2. Since HEA links research taking place in different scientific disciplines, it becomes necessary to 
employ an integrated HEA (IHEA) methodology.  Indeed, a scientific IHEA ought to be based on a good 
“integration framework,” i.e., a framework involving the main components of the environmental causal 
chain (ECC):  pollutant fate and transport across space-time, exposure theories, physiology-based 
toxicokinetics, cohort-based health effects, demographics-based population risk assessment, etc.  
Unfortunately, the approach of the BenMAP manual is rather black-box, lacking any such integration 
framework.  Therefore, the manual needs to be revised considerably, starting with a carefully considered 
IHEA framework that can offer a sound methodological basis to the subsequent health benefit techniques 
and computer programs.   
 
§3. Furthermore, IHEA scientists are typically faced with the so-called internal consistency challenge, 
that is, the challenge of providing for any given space-time domain simultaneously acceptable formal and 
interpretive analyses that are also internally consistent.  Indeed, in almost all cases the challenge arises of 
reconciling a plausible account of what is involved in the truth of formal statements referring to the 
exposure situation with a credible account of how we come to know and interpret these statements.  Such 
an internal consistency element is missing in BenMAP.   
 
§4. The use of interpolation techniques by BenMAP to study air pollution distributions across space-time 
could be much more complete.  E.g., important concepts in need of better description are: 
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a. Vital concepts like “spatial variability,” “uncertainty,” “spatial interpolation,” and 
“space-time cross-effects” are not adequately conceived and used.   

b. Underlying the geostatistical interpolation techniques used in the manual is the 
fundamental concept of random field or function.  I.e., the interpolated attribute (air 
pollutant, population effect, etc.) is represented by a random function.  However, the 
manual makes no reference to the specific features that the random function must 
possess in order to provide a physically meaningful model of the interpolated attribute.   

c. No sufficient information is given about the main geostatistical interpolation tools used 
in air pollution and their conceptual link to space-time estimation and interpolation. 

 
In view of the conceptual concerns a-c above, the attempted interpolation can lack any physical 
interpretation and can generate inaccurate maps.   
 
§5. Important practical issues of spatial variation to be accounted for by BenMAP include the following: 

 
- Covariance, variogram or structure function shape and its physical interpretation,  
- correlation ranges (local or global, directionality, etc.),  
- covariance or variogram behavior at the origin and at large distances (directly related 

to the in situ behavior of the stressor fields),  
- spatial anisotropy (geometric, etc.), 
- local diversions from spatial homogeneity/stationarity (trend assessment, etc.), 
- restrictive modeling assumptions (like normality and linearity). 

 
All these issues seem to be “pushed under the carpet,” although an adequate assessment of space-time 
variation of the pollutants considered in the BenMAP manual does constitute the very foundation of 
IHEA.    
 
§6. For several years, the IHEA literature has introduced space-time exposure functions that are 
theoretically more advanced and practically more powerful than those presented in the manual.  A few of 
these functions are listed below: 
 

(1) relative area of excess contamination (RAEC),  
(2) mean excess differential contamination (MEDC) and conditional MEDC,  
(3) contaminant indicator dispersion (CID),   
(4) functional and cumulative spatiotemporal exposures (F-CE),  
(5) summary biomarkers across space-time (SB),  
(6) environmental causal chain (ECC) and exposure-response curves (ERC), 
(7) population health damage indices (PHD, local and global), and  
(8) population exposure-damage elasticity (PEDE).   

 
The authors of the BenMAP manual should familiarize themselves with the elaborate theories existing in 
the IHEA literature regarding functions such as (1)-(8) above as well as their relations and dependencies 
(often expressed in a rigorous and systematic manner by means of algebraic and differential equations).    
 
§7. As is depicted in the following figure, there is a continuum of events between exposure and health 
effect.  Each biomarker represents an event in the continuum.  The relationships between biomarkers 
depend on genetic and other characteristics of the  
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individual; in fact, biomarkers calculated on the basis of similarly exposed people may show significant 
variation.  The study of the continuum biomarkers provides the means for improved environmental health 
analysis and management.  For example, critical disease-related events may be detected earlier on a 
smaller scale, which makes it possible to focus on preclinical rather than clinical intervention approaches.  
Also, valuable hints may be obtained regarding the mechanisms relating exposure and health effect.  To 
any component of the continuum, susceptibility markers can be assigned, which are considered as 
indicators of increased or decreased risk for the particular component.  For example, genetic and acquired 
factors (DNA repair, differences in metabolism, nutritional deficiencies, etc.) may lead to individual 
susceptibility to cancer. 
 
§8. Uncertainty in the BenMAP manual is considered merely as variability among different studies (e.g., 
Appendix I).  This is an inadequate definition of an extremely important term.  Uncertainty is of far 
greater importance in scientific thought.  It can be a technical notion reflecting error measurements and 
observation biases;  it may also possess a deep conceptual meaning in epistemic terms (incomplete 
understanding, subjective kind of a variable associated with decisions and preferences, limited 
computational capabilities, etc.).  Variability, on the other hand, is mostly linked to ontologic notions 
(inherent fluctuations of the system under consideration, lack of well-defined patterns, etc.).  BenMAP 
needs to completely revise this part, aiming at a scientifically strong analysis of uncertainty that takes into 
account all important factors.  E.g., while at the level of independent clinical trials, an interpretation of 
data uncertainty in terms of frequencies could be adequate in most cases.  At the level of natural 
phenomena that vary in space-time, the same interpretation proves to be clearly inadequate, and a 
different physical theory-laden interpretation of uncertainty is needed.  As a first step, BenMAP could 
include uncertainty estimation in terms of space-time prediction error, or as a parameter of the integration 
probability density function.  At a later stage, the proper interpretation of uncertainty should depend on 
the level of the hierarchy that the human exposure system is associated with.   
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§9. In reality, the population health risk characterization is somewhat more complicated than it may be 
suggested by the concentration-response (C-R) functions of BenMAP.  The unit risk is often defined as a 
quantitative measure of risk increase per concentration increment, assuming an empirical C-R function.  
Most often in practice the unit risk calculation (of, e.g., cancers caused by environmental exposure) is not 
made for ambient measurements at a central site monitor, but is rather based on much higher occupational 
exposures that have been translated into the lower ambient concentrations.  What remains to be done for 
many pollutants is the quantitative characterisation of the personal exposure to ambient pollution levels 
during the normal daily life (e.g., personal exposure to benzene comes from several other sources than 
merely the ambient ones).  A second complication that should be considered in the BenMAP manual is 
that for a number of ambient components for which the risk assessment in the local environment is a 
central policy issue (e.g., PM and Ozone), there have not yet been found mechanisms and sources or 
fractions that could be called causal of the observed health effects, such as mortality at current ambient 
concentrations.  The observed health effects have been established statistically, based on “black box” 
associations between central-site exposure measurements and population-wide health endpoints (e.g., 
mortality and morbidity) rather than on sound scientific reasoning.  At a minimum, it would be interesting 
to discuss the scientific interpretation of the C-R model parameters.  (Do they express the rate of 
exposure-damage change, an elasticity index etc.?).  Here, hazard identification is based on ambient 
concentration measurements at a central site, which are considered representative of the exposures of all 
people living within a radius of a few tens up to 100 Km from that central site.  Ideally, health effects 
measures of ambient pollution would be the personal exposures of the different people living in that area, 
instead of assigning the same exposure level to all members of the population.    
 
§10. Exposure studies show that daily differences in ambient concentrations appear to be associated with 
daily differences in mortality and morbidity.  This is seen consistently and coherently in virtually every 
place of the world where this kind of research has been done using time-series analysis and classical 
Bayesian statistics.  Traditional epidemiological research leads to time and place-depended concentrations 
and relative risks of health endpoints, but as yet the details of the whole chain of events lying in between 
remain an enigma, in most cases.  Thus, the expression ‘black-box’ is justifiably used.  The results of 
these traditional epidemiological studies are essentially (multiple linear) regressions, which should never 
be extrapolated beyond the limits imposed by their actual values without any knowledge of the underlying 
biological causes, which is a fact to be kept in mind in any BenMAP revisions.   
 
§11. The implementation of kriging as an air pollution space-time interpolation technique by BenMAP 
needs improvement:   
 

- Why does BenMAP use only ordinary kriging for interpolation?   
 

The presentation in the manual is limited to a brute-force implementation of some 
kind of ordinary kriging computer code without any rigorous justification.  In many 
air pollution cases the assumptions underlying ordinary kriging (linearity, Gaussian, 
homogeneity, etc.) are inadequate to describe the physical environment under 
consideration, in which case using ordinary kriging makes absolutely no sense.  
BenMAP fails to include other members of the kriging family (simple, intrinsic, 
disjunctive, etc.) that can be more appropriate, depending on the spatial and temporal 
variation characteristics of the environment.  The “black box” implementation of a 
computer code is never justified in a science-based exposure assessment. 

 
- How are local trends taken into consideration?   
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 This is an important issue, which can seriously affect the interpolation results (air 
pollution maps, etc.).  No clear description of the methods available to deal with 
trend problems is given by BenMAP.   

 
- What about modern space-time exposure estimation and interpolation algorithms?  
 

BenMAP seems to be unaware of the various techniques existing in the literature that 
can handle space-time exposure estimation and interpolation situations in a 
mathematically rigorous and physically meaningful manner.  The BenMAP authors 
should consult the extensive literature on space-time estimation, interpolation and 
prediction (including the spatiotemporal random field theory, Bayesian maximum 
entropy prediction techniques, and Kalman filtering).       
 

- Why is a composite space-time analysis not considered by BenMAP?   
 

Powerful stochastic techniques have been developed for the rigorous analysis and 
modelling of IHEA systems in a composite space-time domain.  The underlying 
methodology is based on a science-based critical reasoning process that integrates 
knowledge bases from various disciplines (physical, biological, epidemiological, 
etc.), derives useful mathematical expressions of exposure variables (exposure rate 
profile, cumulative exposure, functional or summary biomarker, time-cumulative 
intake and uptake, biologically significant burden, health effect threshold indicator, 
etc.), and generates accurate predictions of population health effects across space and 
time.  These stochastic techniques are very general, having a wide range of 
applications.  E.g., spatiotemporal random field models have been employed to study 
environmental exposure-health effect associations between environmental exposures 
(PM or temperature) and mortality distributions.  This model is used as the tool of 
choice for rigorously accounting for important spatiotemporal variations and 
uncertainties related to exposures and effects.  Within this modelling framework, the 
BME technique neatly synthesizes various sources of physical and epidemiological 
knowledge (scientific theories, soft data, uncertain observations, physical and 
biological laws, higher-order spatiotemporal moments, etc.) into IHEA.  Thus, an 
interesting feature of the BME approach is the integration of the physical processes 
of exposure with the epidemiologic processes of effect in a space-time continuum.  
This essential feature is not shared by previous statistical approaches to the exposure-
health effect problem that have been based on classical statistics techniques (spatial 
regression, multivariate statistics, etc.).  By ignoring important knowledge bases and 
scientific reasoning principles, these techniques have been proven seriously 
inadequate in establishing exposure-effect associations in a realistic space-time 
context.    
 

- Why is spatial and temporal differentiation not investigated in BenMAP?    
 

Generally speaking, spatiotemporal differentiation in IHEA can be subdivided into 
two main classes:  (a) one that considers variation in micro-environments when 
assessing the health impact at a specific geographical location; and (b) one that 
considers correlations across space and time when assessing the health impact at 
different geographical areas and at different time periods.    

 
§12. Another interesting feature of modern IHEA that should be considered by BenMAP is that the 
space-time association between exposure and health effect distributions can be studied by means of a 



4-11 

stochastic physico-epidemiologic predictability (PEP) criterion.  While stochastic associations of this kind 
do not always imply necessary and sufficient causation conditions, the PEP criterion relates physical 
knowledge with epidemiologic distribution, accounts for inter-subject and intra-subject variabilities, and 
offers valuable insight regarding the existence of a causation relationship.  In light of the PEP criterion, an 
environmental exposure-health effect association can be established in the stochastic sense above, given 
the available knowledge bases processed by the stochastic PEP criterion.  If an improved understanding of 
the biological or toxicological mechanism leads to new knowledge bases, the PEP criterion will 
rigorously account for these bases in deriving its conclusions.  However, for many compounds there still 
is no established biological or toxicological mechanism behind the associations used in the C-R 
relationships. 
 
§13. When BenMAP constructs environmental risk indicators in terms of some simple average, many 
important elements have been ignored, including: 
 

(1) the temporal aspect of exposure,  
(2) its duration and frequency,  
(3) the scale of exposure,  
(4) the space-time filters (incorporating summarizing effects, etc.),  
(5) the intake and uptake pathways, as well as  
(6) the type of cohorts considered (age, sex, pre-existing medical conditions, activity 

characteristics, etc.).    
 
The scale issue, e.g., is closely linked to the decision regarding the size of the indicator design area.  If the 
temporal effect has been averaged out, the technique used for this purpose must be described.  Instead, the 
BenMAP manual does not even make a single reference to the crucial elements (1)-(6) of human exposure 
assessment.  A much more realistic indicator analysis would result by replacing the basic formulas of the 
manual with a formula that accounts for just a few of the exposure elements above – the relevant 
equations have existed in the human exposure literature for several years.  Valuable insight is offered by 
the well-known exposure-damage elasticity indicator, which measures the ratio of the fractional change 
in health damage over the fractional change in exposure across space and time.  Yet another important 
issue is the so-called “time-delayed” factor, i.e., accounting for the time elapsing between the exposure 
and the resulting health effect.  These issues are quantified in the context of exposure assessment and 
expressed in terms of integral equations (see “Spatiotemporal Environmental Health Modelling” 
literature).    
 
§14. It is suggested that a revised BenMAP pay more attention to the significance of using a 
mathematically rigorous and physically meaningful/consistent definition of relative risk (RR).  The 
population health effects of ambient compounds may be characterized by the RR measure, indicating how 
often the incidence of a certain health endpoint is augmented by a unit increase in concentration (�������
Establishing the health impact assessment (HIA) for such compounds is often done by calculating the 
population attributable fraction in combination with the incidence (INC=base rate) of the considered 
population health endpoint, namely HIA=PAF�INC.  The PAF is calculated from the RR per unit 
concentration and the average ambient concentration C by PAF=(RR-1)�C/RR.  From these equations, it 
follows that HIA is a function of C, INC and RR, and that changes in one of these parameters have 
numerical consequences for the others.  E.g., a INC difference leading to an opposite effect on RR was 
recently reported in the context of a project in which the authors looked at the confounding and effect 
modification of ambient particles on total mortality for a number of cities.  The numerical values of the 
RR can be assessed by an epidemiological time series analysis of population mortality or morbidity 
during the time period in question.  Such analyses can be done for the whole population, for susceptible 
subgroups or cohorts, or for specific geographical areas, and could be the focus of a revised BenMAP.  
The numerical C-values can be measured by a monitoring program or may be assessed by models when 
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these have been thoroughly validated.  The values of the health incidences (INC) in a population have to 
be established by a health monitoring program or a representative scheme of data collection for statistical 
purposes.  As regards the transfer of an exposure-response association into a new population context for 
health impact assessment, the conclusion often is that whenever the baseline occurrence of the health 
endpoint in question differs across study populations, the result of pooling the relative risks from the 
respective studies may be misleading.   
 
§15. Unfortunately, the RR assessment for exposure cannot be made in the same manner as that of a 
physical constant.  As far as our modest information allows us to derive conclusions, we have to think of 
RR for environmental factors as being variable in time and space.  When a certain exposure C has a health 
impact HIA in a population, it follows that any change in INC automatically leads to a similar change in 
RR in the opposite direction. As the incidences of health effects, whether being mortality or morbidity, 
are not constant in a population and change permanently, the RR will not be constant as well.  When the 
C and the HIA also change in time, the necessity of a regular assessment of RR in populations becomes 
even clearer. In many cases it is necessary to use information for an HIA that is tailored to the conditions 
in the USA, meaning using RR that are representative for the time and place.  Therefore, the most recent 
local estimates for RR always have to be used to make a reliable HIA.  When an HIA for some other time 
period is required, we do not only have to estimate the future concentrations C at time t, but also we have 
to estimate the future RR at time t in order to arrive at a reliable HIA. 
 
§16. One of the reasons for a dynamically evolving influence of air pollution on health could be a 
changing susceptibility in the population due its evolving demographic features.  During a period of 
decades the fraction of asthmatics in the population, the age distribution, disease status, Quetlet Index, 
numbers of diabetics, and number of people with cardiovascular diseases have all changed.  Such 
demographical changes can make the total population more or less responsive to air pollution and, thus, 
temporally change the RRi value (e.g., at year i compared to year i-10 or i-20).  Also the population 
dynamics are important in the calculation of the base incidence rates INCi over time. These values can 
and will change for a differently structured population and values of INCi+10 and INCi+20 for specific 
health effects may be quite different in 10 or 20 years from the incidence rates that we currently see.   
 
§17. The BenMAP authors may find it useful to look at developments related to the holistic space-time 
human exposure assessment methodological framework.  This is a very general, ECC-based framework 
that studies the impact of spatiotemporal exposure distributions on the health of human populations.  It 
acknowledges the inadequacies of older approaches and makes a serious effort to improve health impact 
analysis by means of the horizontal integration among sciences relevant to human exposure, which leads 
to accurate and informative spatiotemporal maps of exposure and effect distributions and an integrative 
analysis of the whole risk case.  Important characteristics of this framework are holisticity and 
stochasticity.  Holisticity emphasizes the functional relationships between composite space/time pollutant 
maps, toxicokinetic models of burden on target organs and tissues, and health effects.  These relationships 
offer a meaningful physical interpretation of the exposure and biological processes that affect human 
exposure.  Stochasticity involves the rigorous representation of natural uncertainties and biological 
variations in terms of random fields.  The stochastic perspective introduces a deeper epistemic 
understanding in the development of improved models of spatiotemporal human exposure analysis and 
mapping.  Also, it explicitly determines the knowledge bases available and develops logically plausible 
rules and standards for data processing and human exposure map construction (more details can be found 
in the “Spatiotemporal Environmental Health Modelling” literature).   
 
§18. Due to our behaviour, humans constitute a complicating factor in the modelling of the ECC.  We 
tend to spend most of our time indoors and some of it inside vehicles, whereas much less time is spent 
outside in the ambient environment.  For exposure purposes, therefore, it is very important to take into 
account these various micro-environments, each with quite different levels of exposures.  Also, exposures 
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at the workplace may interfere with environmental exposures.  Generally speaking, workplace standards 
tend to be an order (or orders) of magnitude higher than environmental standards.  For these different 
micro-environments the indoor/outdoor ratio (which provides a measure of ambient pollution penetration 
into the indoor environment) is an important descriptor not considered in the BenMAP manual.  Personal 
exposure is also influenced by the level of activities and the nature of the activities assumed for the 
representative individual (usually defined as an individual belonging to a specific cohort:  age range, sex 
group, health state, pre-existing health conditions, activity range etc.).  Note that, to some extent these 
activities and the ensuing exposures have a seasonal component, as well.   
 
§19. For ambient compounds, such as the PM and Ozone considered in the BenMAP manual and central 
to policy issues, the current state of affairs is that they should be seen as indicators or surrogates of 
something else in the environment.  Because of the current uncertainty in mechanisms and causal factors 
concerning PM and summer smog (Ozone), the range of health endpoints reported in epidemiological 
studies is rather broad.  They range from minor complaints to more extensive use of medicines, to 
morbidity and hospital admissions, and even to extra mortality.  The figure below presents a model of 
how these environmental effects might affect public health.  Mortality is more or less the top of a pyramid 
of underlying health problems.  Large parts of the population are exposed to ambient air pollution, while 
mortality affects only a small fraction.  In recent epidemiological studies the entire pyramid has been 
studied and the various health endpoints have been found to be more or less logical in the way that they 
relate to medical events linked to the respiratory and cardiovascular system (and not, e.g., with mortality 
due to stomach problems). A revised BenMAP will greatly benefit by presenting its adverse health effect 
functions (C-R, etc.) in view of the above pyramid.  
 
§20. For the specific data sets considered in the BenMAP, considerable insight can be gained by 
calculating stochastic exposure indicators like the distribution of the binary-valued exposure field (for 
thresholds calculated on the basis of environmental and health requirements), and the associated one- and 
two-point exposure indicators, such as:   
 

(1) the expected exposure indicator,  
(2) the expected exposure indicator,  
(3) the expected excess exposure above the threshold at each space-time point,  
(4) the expected excess differential exposure across space-time (which is equal to the expected 

difference between exposure and threshold if exposure exceeds the threshold, and zero 
otherwise),  

(5) the conditional mean excess exposure over the threshold,  
(6) the exceedance odds indicator (expressing the probability ratio of excess over below-threshold 

exposure at each point in space-time,  
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as well as several others that can be found in the “Spatiotemporal Environmental Health Modelling” 
literature.    
 
§21. Generally, the number of health effects occurring in a population seems to decrease with the 
severity of the effects.  E.g., the number of hospital admissions for a certain cause of death attributed to 
ambient pollution is generally higher than the actual number of deaths.  The crucial issue then is the level 
of medical or epidemiological detail required in order to be able to take effective policy measures to 
reduce the health impact of environmental exposures.  For the field of environmental safety, this question 
has been answered in the past by choosing mortality as the risk indicator, while at the same time 
acknowledging that for every death there is an underlying number of less serious health consequences 
that, for simplicity, is not expressed by a specific measure or compared to some (policy) yardstick.  In the 
BenMAP context, one could suggest mortality as a health risk indicator for the environmental exposures 
considered (PM, Ozone) without loosing track of the fact that there is an underlying web of population 
health effects which cannot be addressed by mortality alone.   
 
§22. In addition to the above, there are certain serious issues related to susceptible subgroups.  Currently, 
the elderly and, under certain circumstances, children are considered to be susceptible subgroups of PM 
effects.  Other susceptible subgroups that have been suggested include people with cardio-vascular 
diseases, diabetics, and asthmatics.  Historically, the health status of the population changes rapidly (e.g., 
in certain areas the numbers of diabetics and asthmatics have risen dramatically during the past decades).  
Also, it could be speculated that because of the improved health care systems in some regions of the 
country that manage to keep people alive longer, the numbers of very frail and possibly more susceptible 
persons are on the increase.  To take this speculation even further, if this rise in the number of susceptible 
persons is larger than the decrease in the levels of environmental pollution, the population health impact 
could well be on the rise despite a gradual improvement of environmental quality.  A second element 
concerning susceptibility to ambient pollution not considered by BenMAP is the socio economic status 
(SES).  For chronic PM exposure, relations have been established between SES and health effects.  
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Whether such relationships are mediated by food status (e.g., anti-oxidants), a better access to medical 
care or some other cause is not yet clear.  In time-series analysis, SES is not an issue, since everybody is 
under his/her own control.   
 
 
Part III:  PEER REVIEW QUESTIONS AND ISSUES    
 
 
1. General: 
 

a) Does BenMAP provide a useful and sensible structure for addressing policy analysis needs? 
 

- N/A 
 

b) Does it provide adequate flexibility to users for addressing important policy questions? 
 

- N/A 
 

c) Are the different components of the model appropriately defined and linked to one another?   
 

- Generally, yes.   
 
 
2. Input Databases:  Keeping in mind that some of the input databases are fixed in the model and some 
can be adapted or supplemented… 
  

a) Are the fixed input databases appropriately selected and defined using 
 

•  Census and projected demographic data? 
 

- Some problems with the simplistic methods of choice, see Reviewer’s Report. 
 

•  Modeled air quality data?   
 

- It focuses solely on O3, PM2.5 and PM10 for 1966 (e.g., p. A-1).  Some problems with 
choice of model, see Reviewer’s Report. 

 
•  Baseline incidence data?    
 

- Background level (see, e.g., p. A-13).   
 

b) Are the adaptable input databases appropriately selected and defined for 
 

•  Monitored air quality data?   
 

- Yes, but limited to certain pollutants.    
 

•  Concentration-response functions?    
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- A wide selection is considered, although in a rather uncritical manner;  see, Reviewer’s 
Report for a detailed analysis of the situation.   

 
•  Valuation functions? 
 

- Including raw incidence, pooled incidence, pooled valuation etc.   
 
 
3. Exposure Estimation Algorithms:  To spatially and temporally align population, air quality, and 
incidence data as inputs to the concentration-response functions, BenMAP uses several estimation and 
interpolation algorithms. 
 

a) Are these methods scientifically sound and appropriate for 
 

•  interpolating and projecting population estimates for non-Census years?    
 

- Only simple ratios are considered that offer a rather poor assessment of the situation 
(p. B-9-10), see, also, Reviewer’s Report.   

 
•  estimating population subgroups (e.g., by age, gender, ethnicity, etc. )?    
 

- Suffers from the use of simplistic formulas, which are rather crude ways to generate 
numbers that do not always have a scientific meaning, see, also, Reviewer’s Report.   

 
•  estimating the spatial distribution of populations and linking them to air quality grids? 
 

- Serious problems, see Reviewer’s Report. 
 

•  spatial and temporal interpolation of pollutant monitoring data?   
 

- Scaling factors are discussed (p. C –15-18); the analysis is theoretically weak; see 
Reviewer’s Report.   

 
b) Does BenMAP offer an appropriate menu of interpolation options for estimating exposures?    
 

- Idefinitely no, due to a number of issues discussed in detail in Reviewer’s Report.  The 
interpolation options in the menu are very inadequate for today’s IHEA standards.  The menu is 
limited to either naive techniques (e.g., closest point and Voronoi neighborhood averaging), or a 
poorly developed geostatistics technique of ordinary kriging.  The menu is limited to one 
pollutant at a time.  Etc. 

 
c) Do these methods provide appropriate inputs for the class of concentration-response functions 

allowable in the model?    
 

- For a certain class of functions, yes.   
 
 

4. Aggregation and Pooling Methods:  BenMAP offers alternative approaches for spatially 
aggregating health effects estimates and for pooling separate estimates of health effects for valuation. 
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a) Does BenMAP offer an appropriate menu of aggregation and pooling options? 
 

- Yes, in terms of “Create” and “Reuse” (see, in p. 3-8). 
 
b) Do these methods provide appropriate inputs for the class of valuation functions allowable in the 

model?    
 

- In a rather formal manner, perhaps.  The interpretive element is lacking due to the 
methodological, theoretical and applied concerns mentioned in my Reviewer’s Report. 

 
 
5. Uncertainty Analysis Methods:  BenMap offers options for including and evaluating how 
uncertainty regarding (1) C-R relationships and (2) valuation functions affect model outputs? 
 

a) Does BenMAP allow the user to adequately and appropriately specify uncertainty for these two 
areas?    

 
- No.  It merely uses N-point Latin Hypercube.  For further suggestions see Reviewer’s Report. 

 
b) Are the uncertainty routines properly specified and incorporated in the model?   
 

- They are included, but they are inadequate (from a conceptual and practical viewpoints). 
 

c) Without greatly complicating the structure of the model, are there additional areas or types of 
uncertainty that could or should be incorporated in BenMAP?   

 
- This part of the manual is weak and needs to undergo considerable revision, see Reviewer’s 
Report for a detailed discussion and suggestions.  The uncertainty issue is much more serious 
than what it seems to be the suggested in the BenMAP manual. 

 
 
6. Report and Mapping Results:  BenMAP offers several options for reporting and mapping air 
quality, population, incidence, and valuation data and results. 
 

a) Do these options provide an adequate and appropriate framework for displaying results? 
 

- Mostly yes, although these options are of limited use in the case of space-time analysis and 
mapping (see, p. 7-3, 8-1, and 8-2).  Of course, the inadequacies of the display framework in the 
space-time domain can be directly related to the corresponding inadequacies of the theory and 
methods employed in BenMAP.   

 
b) Are the results displays appropriately specified and configured to address the intended uses and 

analytical needs of BenMAP (as defined above and in the model documentation)? 
 

- Yes, but BenMAP only maps annual averages and does not allow printing directly from the 
program (see p. 8-18).   

 
 

7. User Interface and User Guide:  BenMAP is a menu driven interactive software tool with multiple 
options and features, as described above. 
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a) Is the user interface appropriately organized, easy to use, and easy to follow?  Through the user 
interface, are the options and features well described and easy to navigate? 

 
- Not as efficient as other similar menus I am aware of.    

 
b) Is the user guide appropriately organized, easy to use, and easy to follow? 
 

- Things could be improved with some kind of an Index.   
 

c) Does the user guide appropriately complement and correspond with the user interface? 
 

- No, I got several error messages.  The manual does not provide sufficient guidance for an easy 
navigation.   

 
d) Does the user guide provide the necessary explanation and background for installing and running 

the model, selecting options, and displaying results?   
 

- No.  A short course would help considerable, see Reviewer’s Report.   
 

e) Does the user guide adequately explain the model’s objectives and the model’s underlying 
structure, assumptions, data, methods, and routines? 

 
- The BenMAP manual lacks a general chapter with objectives, assumptions and methods, 
independent of the programming details.    
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Appendix A:  Peer Reviewers’ Charge 
 
The following letter and instructions were sent by RTI to each of the three reviewers in February 2004. 
 
Dear [Reviewer Name] 
 
Thank you for agreeing to serve as a peer reviewer of EPA’s Environmental Benefits Mapping and 
Analysis Program (BenMAP).   
 
BenMAP is an interactive computer model designed as tool for environmental policy analysis.  It 
provides users with a platform for conducting customized analyses of the health benefits associated with 
selected changes in air quality levels across the country.   
 
BenMAP is designed to provide users with a flexible framework for integrating data and models from 
various sources.  For example, it allows users to incorporate monitored or modeled air pollutant 
concentrations estimates in various forms as key inputs for analysis.  It also allows users to choose and 
adapt concentration-response functions for health effects estimation and valuation functions for economic 
analysis.   
 
As described in the User’s Manual, some of the more specific intended uses of BenMAP are for 

•  generation of population/community level ambient pollution exposure maps; 
•  comparing benefits associated with regulatory programs; 
•  estimating health impacts and costs of existing air pollution concentrations; 
•  estimating health benefits of alternative ambient air quality standards; 
•  performing sensitivity analyses of health or valuation functions, or of other inputs; and 
•  screening analyses. 

 
With these design objectives in mind, we request that you review the model software and documentation 
and provide us with your assessment of the model’s scientific accuracy, credibility, objectivity, and 
technical appropriateness. 
 
Below you will find a list of both general and specific questions that we would like you to consider in 
conducting your review.  We do not expect you to answer each question individually, but we would like 
you to use them as a guide in preparing your review.  Please address as many of these issues as possible, 
but feel free to focus on areas that correspond best with your technical expertise and interests. 
 
We request that you submit a written review no later than March 26.  You can email the review to me at 
gvh@rti.org.  Please organize the review in the form of a memorandum or a short report (preferably in 
WordPerfect, but otherwise in MSWord), beginning with your general impressions of the model and then 
moving to your more specific comments. 
 
Thanks again for your participation.  If you have any questions, please feel free to contact via email or at 
(919) 541-7150 or Cate Corey at (919) 541-3767. 
 
Sincerely, 
 
George Van Houtven 
Senior Economist 
Environmental and Natural Resource Economics Program 
RTI International 
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Peer Review Questions and Issues  
 
1. General: 
 

a) Does BenMAP provide a useful and sensible structure for addressing policy analysis needs? 
b) Does it provide adequate flexibility to users for addressing important policy questions? 
c) Are the different components of the model appropriately defined and linked to one another? 

 
 
2. Input Databases:  Keeping in mind that some of the input databases are fixed in the model and some 
can be adapted or supplemented… 
  

a) Are the fixed input databases appropriately selected and defined using 
•  Census and projected demographic data? 
•  Modeled air quality data? 
•  Baseline incidence data? 

 
b) Are the adaptable input databases appropriately selected and defined for 

•  Monitored air quality data? 
•  Concentration-response functions? 
•  Valuation functions? 

 
 
3. Exposure Estimation Algorithms:  To spatially and temporally align population, air quality, and 
incidence data as inputs to the concentration-response functions, BenMAP uses several estimation and 
interpolation algorithms. 
 

a) Are these methods scientifically sound and appropriate for 
•  interpolating and projecting population estimates for non-Census years? 
•  estimating population subgroups (e.g., by age, gender, ethnicity, etc. )?  
•  estimating the spatial distribution of populations and linking them to air quality grids? 
•  spatial and temporal interpolation of pollutant monitoring data? 

 
b) Does BenMAP offer an appropriate menu of interpolation options for estimating exposures? 

 
c) Do these methods provide appropriate inputs for the class of concentration-response functions 

allowable in the model? 
 
 
4. Aggregation and Pooling Methods:  BenMAP offers alternative approaches for spatially 
aggregating health effects estimates and for pooling separate estimates of health effects for valuation. 
 

a) Does BenMAP offer an appropriate menu of aggregation and pooling options? 
 

b) Do these methods provide appropriate inputs for the class of valuation functions allowable in the 
model? 
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5. Uncertainty Analysis Methods:  BenMap offers options for including and evaluating how 
uncertainty regarding (1) C-R relationships and (2) valuation functions affect model outputs? 
 

a) Does BenMAP allow the user to adequately and appropriately specify uncertainty for these two 
areas? 

 
b) Are the uncertainty routines properly specified and incorporated in the model? 

 
c) Without greatly complicating the structure of the model, are there additional areas or types of 

uncertainty that could or should be incorporated in BenMAP? 
 
 
6. Report and Mapping Results: BenMAP offers several options for reporting and mapping air 
quality, population, incidence, and valuation data and results. 
 

a) Do these options provide an adequate and appropriate framework for displaying results? 
 

b) Are the results displays appropriately specified and configured to address the intended uses and 
analytical needs of BenMAP (as defined above and in the model documentation)? 

 
 
7. User Interface and User Guide:  BenMAP is a menu driven interactive software tool with multiple 
options and features, as described above. 
 

a) Is the user interface appropriately organized, easy to use, and easy to follow?  Through the user 
interface, are the options and features well described and easy to navigate? 

 
b) Is the user guide appropriately organized, easy to use, and easy to follow? 

 
c) Does the user guide appropriately complement and correspond with the user interface? 

 
d) Does the user guide provide the necessary explanation and background for installing and running 

the model, selecting options, and displaying results?   
 

e) Does the user guide adequately explain the model’s objectives and the model’s underlying 
structure, assumptions, data, methods, and routines? 
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Appendix B.  Curriculum Vitae of BenMAP Peer Reviewers 
 
 
B.1  Alan J. Krupnick 
 
Resources for the Future 
1616 P Street, NW 
Washington, DC  20036 
(202) 328-5000 
Fax:  (202) 939-3460 
 
Education: 

 University of Maryland, Ph.D., Economics, June 1980 (Dissertation Title:  The Optimal  
 Control of Pollution with Endogenous Labor Supply) 

 University of Maryland, M.A., Economics, 1972-1974 

 Columbia University, Graduate School of Business, International Business, 1969-1970 

 Pennsylvania State University, B.S., Finance, With Distinction, 1965-1969 

 

Professional Experience:  

1998-Present Director, Quality of the Environment Division, Resources for the Future 

1990-Present Senior Fellow, Resources for the Future 

1980-1990 Fellow, Resources for the Future 

1993-1994 Senior Economist, Council of Economic Advisers; on leave from Resources for the  
Future 

2002 Consultant, USEPA 

2001 Consultant: USEPA, Health Canada 

2000 Consultant: European Community, Environment Directorate. 

1999 Consultant: World Bank.  

1998 Consultant: World Bank, Europe and Central Asia Division; PacifiCorp, Great Lakes 
Commission; Canadian Energy Research Institute. 

1997 Consultant: World Health Organization; World Bank, Industry and Energy Division and 
Europe and Central Asia Division; Environment Canada; Industry Canada. 

1996 Consultant: USAID; Harvard Institute for International Development; World Bank, Latin 
America Division; Environment Canada; Health Canada, Industry Canada 

1995 Consultant:  Ontario Hydro; World Bank, Latin America Division; American Petroleum 
Institute, Southern Appalachian Management Initiative 

1993 Consultant: World Bank, Asia Division; Office of Technology Assessment 

1990-1992 Consultant, World Bank Latin America Region, Public Economics Division (Country  
Department), World Development Report 

1989-1990 Consultant, World Bank, Environment Department, Asia Region, Infrastructure and  
Urban Development Department; NERA; U.S. Department of Energy; Geomet, Inc. 
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1987-1988 Consultant, Office of Technology Assessment, U.S. Congress 

1987-1988 Consultant, Viking Systems, Inc.; Exeter Assoc. 

1980-1982 Consultant, University of Missouri, State of Maryland 

1977-1980 Faculty Research Associate, Bureau of Business & Economic Research, University of  
Maryland 

1976-1977 Instructor, University of Maryland:  International Economics, Macroeconomics, and  
Microeconomics 

1976-1976 Consultant, National Commission on Water Quality 

1974-1976 Autonomous Teaching Assistant, University of Maryland 

1972-1974 Research Assistant, Bureau of Business & Economic Research, University of Maryland 

1970-1972 Research Assistant, The Federal Reserve Bank of Philadelphia 

1970-1970 Research Analyst, City University of New York, Faculty Senate 

 
 

PUBLICATIONS 
 
“Trading Cases: Is trading credits in created markets a better way to reduce pollution and protect natural 
resources?” lead article in Environmental Science and Technology, 37 (11) pp. 217-23 June, 2003 (with 
Dallas Burtraw, Karen Palmer, Richard Newell, Margaret Walls, Ginny McConnell, Jim Boyd, and Jim 
Sanchirico). 

“Ancillary benefits of reduced air pollution in the US from moderate greenhouse gas mitigation policies 
in the electricity sector,” 2003, Journal of Environmental Economics and Management 4, ppg. 650-673.  

“Exhausting Options:  Assessing SIP-Conformity Interactions,” 2003.  RFF Report (with Harrington and 
Nelson, plus Arn Howitt, John Mackler, and Sarah Siwick (March). 

“A Consistent Framework for Comparison, Refinement,” 2003, Environmental Forum, 20 (2), pg. 44 
March/April. 

“Valuing Health Effects,” 2002, in International Yearbook of Environmental and Resource Economics 
2001/2002, H. Folmer and T. Tietenberg, eds.  (Kluwer, Amsterdam) (with Anna Alberini)  

“The Future of Cost-Benefit Analysis at EPA,” 2002.  The Annual Review of Public Health 23, 427-48  
(with Richard Morgenstern)  

“The Value of Reducing Risk of Death: A Policy Perspective,” 2002.  Journal of Policy Analysis and 
Management  21 (2) 275-278. 

“Benefits Transfer and the Value of Food Safety,” (forthcoming) Proceedings of a Workshop on Valuing 
The Health Benefits of Food Safety, sponsored by USEPA, USDA, CDC, FDA, and FSIS, University of 
Maryland, September 14, 2000.  

“Age, Health and the Willingness to Pay for Mortality Risk Reductions: A Contingent Valuation Survey 
of Ontario Residents,” 2002. Journal of Risk and Uncertainty 24 (2) 161-175 (March) (with Maureen 
Cropper, Anna Alberini, Nathalie Simon, Bernie O’Brien, and Ronald Goeree). 

“Public Support for Pollution Fee Policies for Motor Vehicles with Revenue Recycling: Survey Results” 
2001. Regional Science and Urban Economics Special Issue on Evaluating Policies to Reduce 
Transportation Air Pollution, Kenneth Small, ed., v. 31 no. 4 pp. 505-522 (July). (with Winston 
Harrington and Anna Alberini) 
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“Location Efficient Mortgages: Is the Rationale Sound?,” 2001. Journal of Policy Analysis and 
Management (with Allen Blackman) 20 (4) 633-650. 

Section 8.8 Ancillary Benefits and Costs of Climate Change Mitigation (2001), IPCC Third Assessment 
Report, Working Group III (with Devra Davis and Luis Cifuentes). 

“How Much Will People Pay for Longevity?” 2001. Resources, Resources for the Future 142 (Winter). 

“Overcoming Public Aversion to Congestion Pricing,” (2001) (with Winston Harrington and Anna 
Alberini) Transportation Research Part A 35 87-105. 

“Measuring the Value of Health Improvements from Clean-up in the Great Lakes Region,” 2001, (with 
Dallas Burtraw), in Revealing the Economic Value of Protecting the Great Lakes, Jay Coggins (ed.), 
National Oceanic and Atmospheric Administration and Northeast-Midwest Institute. 

“The Ancillary Benefits and Costs of Climate Change: A Conceptual Framework,” (2000) (with Dallas 
Burtraw and Anil Markandya), in the Ancillary Benefits and Costs of Greenhouse Gas Mitigation, 
OECD/RFF/WRI/CI, Paris. 

“The Ancillary Health Benefits and Costs of GHG Mitigation: Scope, Scale and Credibility,” (2000) 
(with Devra Davis and George Thurston), in the Ancillary Benefits and Costs of Greenhouse Gas 
Mitigation, OECD/RFF/WRI/CI, Paris.  

“The Social Costs of Chronic Heart and Lung Disease,” (2000) (with Maureen Cropper) in Valuing 
Environmental Benefits: Selected Essays of Maureen Cropper, Maureen Cropper, ed. (Edward Elgar; 
United Kingdom). 

“Cost of Illness and WTP Estimates of the Benefits of Improved Air Quality in Taiwan,” 2000, (with 
Anna Alberini), Land Economics 76 (1) February.  

“Dilemma Downwind: Ozone Blows Across State Lines Creating A Tangle of Regulatory Issues,” 1999.  
Resources #137 (Fall).  

“The Costs and Benefits of Reducing Air Pollutants Related to Acid Rain,” 1998, (with Dallas Burtraw, 
Erin Mansur, David Austin and Deirdre Farrell), Contemporary Economic Policy, vol. 16  (October), 
379-400. 

“Air Quality and Episodes of Acute Respiratory Illness in Taiwan Cities: Evidence from Survey Data,” 
1998, (with Anna Alberini), Journal of Urban Economics 44(1)68-92. 

“Climate Change, Health Risks, and Economics,” on Weathervane, May 1998. 

“Economic Analysis and the Clean Air Act,” 1998. Pace Environmental Law Review 16 (1) 69-80 
(winter). 

“Transboundary Airshed Management as an Approach to Transboundary Water Cooperation: The Case 
of the Chesapeake Bay,” (with D. Austin and V. McConnell), in Conflict and Cooperation on 
Transboundary Water Resources, R. Just and S. Netanyahu, eds.  (Kluwer, Boston) 1998. 

“Intel’s XL Agreement: Who Benefits,” Semiconductor Fabtech, May 1998. (with Jim Boyd and Jan 
Mazurek) 

“Valuing Health Effects of Air Pollution in Developing Countries: The Case of Taiwan,” (with Maureen 
Cropper and Anna Alberini) Journal of Environmental Economics and Management, December, 1997. 

“Air Pollution and Acute Respiratory Illness; Evidence from Taiwan and Los Angeles,” (with Anna 
Alberini) American Journal of Agricultural Economics 79, December 1997.  
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“Cost-Benefit Analysis and Regulatory Reform,” (with Ray Kopp and Michael Toman) Human 
Ecological Risk Assessment 3 (5), November 1997. 

“Urban Air Pollution in Developing Countries: Problems and Policies,” in The Environment and 
Emerging Development Issues, P. Dasgupta and K.G. Maler, eds (Clarendon Press, Oxford), 1997. 

“Second-Best Adjustments to Externality Estimates in Electricity Planning with Competition,” (with 
Dallas Burtraw and Karen Palmer) Land Economics 73 (2) 224-239 (May, 1997). 

“Transportation and Air Pollution: The Environmental Damages” (with Robert Rowe and Carolyn Lang) 
in The Full Social Costs and Benefits of Transportation: Contributions to Theory, Method and 
Measurement, D. Greene, D. Jones, and M. Delucchi eds.  (Srpinger-Verlag, New York), 1997. 

“The Social Costs of Electricity: Do the Numbers Add Up?” (with Dallas Burtraw) Resources and 
Energy 18 423-466 (December 1996).  

“The Second Best Use of Social Cost Estimates”  (with Dallas Burtraw) Resources and Energy 18 467-
489 (December, 1996). 

“What is the Value of Reduced Morbidity in Taiwan?” (with Maureen Cropper, Anna Alberini, Tsu-Tan 
Fu, Jin-Tan Liu, Daigee Shaw and Winston Harrington), in The Economics of Pollution Control in Asian 
Pacific, edited by Robert Mendelsohn and Daigee Shaw, Edgar Elgar Publishing Ltd. (1996). 

“Revising the Ozone Standard,” (with John Anderson) Resources 125 Fall, 1996. 

“Determinants of Diarrheal Disease in Jakarta,” (with Anna Alberini, Gunnar Eskeland, and Gordon 
McGranahan) Water Resources Research Vol 32, No. 7, 2259-2269, July 1996.   Also RFF Discussion 
paper 95-23 and World Bank Policy Research Working Paper 1568 (January 1996). 

“Air Quality and Electricity:  What Competition May Mean,” (with Dallas Burtraw and Karen Palmer) 
Resources 123 Spring, 1996. 

A Shock to the System: Restructuring America’s Electricity Industry (with Tim Brennan, Karen Palmer, 
Raymond Kopp, Vito Stagliano, Dallas Burtraw) Resources for the Future, Washington, D.C., 1996. 

“The Value of Health Benefits From Ambient Air Quality Improvements in Central and Eastern Europe: 
An Exercise in Benefits Transfer” (with Kenneth W. Harrison, Eric J. Nickell, and Michael A. Toman), 
Environmental and Resource Economics Vol. 7, 307-332, 1996.  See also “Estimating the Health 
Benefits of Improved Air Quality in Central and Eastern Europe,” in Pollution Abatement Strategies in 
Central and Eastern Europe, Michael A. Toman, ed., Resources for the Future, Washington, D.C., 1994, 
pp. 15-24. 

The External Costs and Benefits of Fuel Cycles, A Study by the U.S. Department of Energy and the 
Commission of the European Communities, prepared by Oak Ridge National Laboratory and Resources 
for the Future (McGraw-Hill, Utility Data Institute, New Jersey). (with Russell Lee, Dallas Burtraw, and 
others),  December 1995. 

“Optimal Adders for Environmental Damage by Public Utilities” (with Dallas Burtraw, Winston 
Harrington, and A. Myrick Freeman III), Journal of Environmental Economics and Management, vol. 29, 
no. 1, July 1995. 

“Social Costing of Electricity in Maryland:  Effects on Pollution, Investment and Prices,” The Energy 
Journal, 16, 1- 26, (1995) (with Karen Palmer, Hadi Dowlatabadi and Stuart Siegel). 

“The Social Costing Debate: Issues and Resolutions” (with Dallas Burtraw, A. Myrick Freeman III, and 
Winston Harrington), in Social Costs of Energy, O. Hohmeyer and R. Ottinger, eds., Springer-Verlag, 
1994. 
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“The Evaluation of External Costs from Energy Sources: The EC-US Fuel Cycle Study” (with A. 
Markandya, R. Lee, and P. Valette), in Power Generation Choices: Costs, Risks and Externalities, 
Nuclear Energy Agency Organisation for Economic Co-operation and Development, Paris, France, 1994. 

“The External Costs of Nuclear Power: Ex Ante Damages and Lay Risks” (with A. Markandya and E. 
Nickell), American Journal of Agricultural Economics, vol. 75, 1993, pp. 1273-1279. 

“Global Warming and Urban Smog: The Cost-Effectiveness of CAFE Standards and Alternative Fuels” 
(with Margaret Walls and Carol T. Collins), The Energy Journal, October 1993. 

“Controlling Urban Air Pollution: A Benefit-Cost Assessment” (with Paul R. Portney), in Economics of 
the Environment: Selected Readings, Third Edition, Robert Dorfman and Nancy S. Dorfman, eds., W.W. 
Norton & Company, Inc., New York, N.Y., 1993, pp. 421-437. 

“Air Pollution and Respiratory Morbidity among Adults in Southern California” (with Bart D. Ostro, 
Michael J. Lipsett, Jennifer K. Mann, and Winston Harrington), American Journal of Epidemiology, 
vol. 137, no. 7 (April 1, 1993), pp. 691-700. 

Measuring the Effects of Urban Transportation Policies on the Environment:  A Survey of Models, Policy 
Research Working Paper WPS-1030, Country Economics Department, The World Bank, November 
1992. 

“The Economic Losses of a Waterborne Disease Outbreak” (with Winston Harrington, and Walter O. 
Spofford, Jr.), in The Economics of the Environment, Wallace E. Oates, ed., Edward Elgar Publishing 
Company, Aldershot, Hants., England, and Brookfield, Vt., 1992, pp. 411-432. 

“Weighing Environmental Externalities: How to Do It Right” (with A. Myrick Freeman III, Dallas Burtraw, 
and Winston Harrington), The Electricity Journal, vol. 5, no. 7 (August/September 1992), pp. 18-25. 

“Externality Adders: A Response to Joskow” (with A. Myrick Freeman III), The Electricity Journal, 
vol. 5, no. 7 (August/September 1992), pp. 61-63. 

“Electric Vehicles and the Air Pollution in Los Angeles” (with A. Ted Russell and Hadi Dowlatabadi), 
Energy and Environment, vol. 3, no. 2, 1992. 

“Vehicle Emissions, Urban Smog, and Clean Air Policy,” in Richard Gilbert, ed., The Economics of Oil, 
Kluwer-Nijhoff, The Netherlands, 1992. 

“Cost-Effectiveness of Methanol for Reducing Vehicle Emissions and Urban Ozone” (with Margaret 
Walls), Journal of Policy Analysis and Management, vol. 11, no. 3, Summer 1992, pp. 373-376. 

“Using Cost-Benefit Analysis to Prioritize Environmental Problems in Developing Countries,” in Joel 
Darmstadter, ed., Global Development and the Environment, Resources for the Future, Washington, 
D.C., 1992.  

“The Effect of Information on Health Risk Valuation” (with Maureen Cropper), Journal of Risk and 
Uncertainty, vol. 5, pp. 29-48, 1992. 

“Controlling Urban Air Pollution:  A Benefit Cost Assessment” (1991) (with Paul Portney), Science, vol. 
252, April 26, pp. 522-28. 

“Transportation and Urban Air Pollution in Developed and Developing Countries,” Transportation 
Research Record, p. 1312, Energy and Environmental Issues, 1991. 

The Economics of a Waterborne Disease Outbreak (with Walter O. Spofford, Jr. and Winston 
Harrington), Resources for the Future, Washington, D.C., 1991. 

“The Benefits of Curbing Acid Rain” (with Winston Harrington and Sari Radin), in Richard Ottinger, 
ed., Environmental Costs of Electricity, Oceana Publications, New York, 1990. 
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“Ambient Ozone and Acute Health Effects:  Evidence from Daily Data” (with Winston Harrington and 
Bart Ostro), Journal of Environmental Economics and Management 18, 1990, pp. 1-18. 

“To Live and Breath in L.A.” (with Paul Portney, David Harrison, and Hadi Dowlatabadi), Issues in 
Science & Technology, vol. 4, no. 4, 1989. 

“The Benefits and Costs of Superfund Cleanups:  An Information Assessment,” Project IV (with Paul 
Portney), in Coalition on Superfund Research Report, for Coalition on Superfund and Center for 
Hazardous Waste Management, Chicago, Ill., September 1989. 

“The Economic Losses from a Waterborne Disease Outbreak” (with Walter O. Spofford, Jr. and Winston 
Harrington), Journal of Urban Economics, vol. 25, no. 1, January 1989. 

“Social Costs of Chronic Heart and Lung Disease” (with Maureen Cropper), Resources, no. 97, Fall 
1989. 

“The Acute Health Benefits of Ambient Ozone Control,” Appendix to Catching Our Breath:  Next Step 
for Reducing Urban Ozone, Office of Technology Assessment, U.S. Congress, July 1989. 

“Reducing Bay Nutrients: An Economic Perspective,” Maryland Law Review, vol. 47, no. 2, Winter 
1988. 

“Economics and the Ambient Ozone Standard,” Resources, no. 92, Summer 1988. 

“Agricultural Policy and the Benefits of Ozone Control” (with Raymond Kopp), Journal of the American 
Agricultural Economics Association, vol. 69, no. 5, December 1987. 

“Sources of Uncertainty in Economic Analyses of Management Strategies for Controlling Groundwater 
Contamination” (with Walter O. Spofford, Jr.), Journal of the American Agricultural Economics 
Association, Proceedings, December 1986, pp. 1234-1239. 

Rules In The Making:  A Statistical Analysis Of Regulatory Agency Behavior (with Wesley Magat and 
Winston Harrington), Resources for the Future, Washington, D.C., 1986. 

“Managing the Chesapeake Bay Cleanup:  A Modeling Approach,” in The Economics of Chesapeake Bay 
Management, prepared by Mark E. Jacoby, A Maryland Sea Grant Publication, University of Maryland, 
College Park, 1986. 

“Short-Term Nitrogen Dioxide Exposure and Acute Respiratory Disease in Children” (with Winston 
Harrington), Journal of the Air Pollution Control Association 35, 1985, pp. 1061-1067. 

“Evaluation of Nonpoint Source Pollution Control Policies” (with Henry Peskin and Winston 
Harrington), Journal of Soil and Water Conservation 40, 1985, pp. 27-32. 

“The Chesapeake Bay Cleanup,” Resources, no. 79, Winter 1985.  (Reprinted in Renewable Resources 
Journal, vol. 3, no. 2, Spring 1985.) 

“Synergistic Effects on Rat Lungs of Mixtures of Oxidant Pollutants and Respirable Aerosols:  A 
Comment” (with Robert Frank), American Review of Respiratory Disease 129, May 1984. 

“On Marketable Air-Pollution Permits: The Case for a System of Pollution Offsets” (with Wallace E. 
Oates and Eric Van De Verg), Journal of Environmental Economics and Management 10, 1983, pp. 233-
247. 

“Revealed Rules for Regulatory Decisions:  An Empirical Analysis of EPA Rulemaking Behavior” (with 
Wesley Magat and Winston Harrington), in International Comparisons in Implementing Laws, Paul 
Downing and Kenneth Hanf, eds., Kluwer-Nijhoff, 1983. 
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Directory of Environmental Asset Data Bases and Valuation Studies (with David Yardas, Henry M. 
Peskin, and Winston Harrington), Resources for the Future, Washington, D.C., November 1982. 

“On Marketable Air Pollution Permits” (with Wallace E. Oates and Eric Van De Verg), in Buying A 
Better Environment:  Cost-Effective Regulation Through Permit Trading, Erhard F. Joeres and Martin H. 
David, eds., Land Economics Monograph No. 6, University of Wisconsin Sea Grant, 1982. 

“Stationary Source Pollution Policy and Prospects for Reform” (with Winston Harrington), in 
Environmental Regulation and the U.S. Economy, Henry Peskin, Paul R. Portney, and Allen V. Kneese, 
eds., Resources for the Future, Washington, D.C., 1981. 

“Setting Regulatory Priorities” (with Anthony Fisher and Allen R. Ferguson), in Attacking Regulatory 
Problems:  An Agenda for Research in the 1980s, Allen R. Ferguson, ed., Ballinger, Cambridge, MA, 
1981. 

“Variable Rate Mortgages:  Boon or Bane?” Business Review, The Federal Reserve Bank of 
Philadelphia, September 1972. 

“SDRs:  Super-Duper Reserve?” Business Review, The Federal Reserve Bank of Philadelphia, July 1971. 

 
 

CONFERENCE PAPERS 
 
“Economic Uncertainties in Valuing Reductions in Children’s Environmental Health Risks,” paper 
presented at the Annual meetings of the American Agricultural Economics Association, Montreal, 
Canada, July 27-30, 2003 (with Sandra Hoffmann, and Vic Adamowicz, University of Alberta, Canada).  

“Effects of Urban Density on Vehicle Use and Ownership,” paper presented to the annual meetings of the 
American Economics Association, Atlanta, GA, January 5-7, 2002 (with Margaret Walls and Winston 
Harrington) 

“Mortality Risk Valuation: A Survey of U.S. Residents,” Paper prepared for presentation to the CORILA 
Conference on Economic Valuation of Environmental Goods, Venice, May 11, 2001 (Anna Alberini).  

“Mortality Risk Valuation: A Survey of U.S. Residents,” Paper prepared for presentation to The National 
Bureau of Economic Research Summer Workshop, July 2001. 

Benefits Transfer and the Value of Food Safety, presentation at Valuing the Health Benefits of Food 
Safety, sponsored by USDA, CDC, FDA, FSIS, EPA, University of Maryland, September 14, 2000. 

The Ancillary Benefits and Costs of Climate Change: A Conceptual Framework (with Dallas Burtraw 
and Anil Markandya), at the ICC/RFF/OECD Expert Workshop on the Ancillary Benefits and Costs of 
Greenhouse Gas Mitigation Strategies, Resources for the Future, Washington, D.C., March 27-29, 2000. 

The Ancillary Health Benefits and Costs of GHG Mitigation: Scope, Scale and Credibility (with Devra 
Davis and George Thurston), at the ICC/RFF/OECD Expert Workshop on the Ancillary Benefits and 
Costs of Greenhouse Gas Mitigation Strategies, Resources for the Future, Washington, D.C., March 27-
29, 2000.    

What are OlderPeople Willing to Pay to Reduce Their Mortality Risks, paper presented at the American 
Economics Association Annual Meeting, Boston, MA, January 7-9, 2000 (with Maureen Cropper, Anna 
Alberini, and Nathalie Simon).  Also Presented at Harvard School of Public Health, University of 
Pennsylvania, and the North Carolina State Economics Seminar Series, Raleigh, NC. 

Incentives to Reduce NOx Emissions with Joint Benefits, paper given at the AERE Economics Incentive 
Workshop, Cambridge, July 19-20, 1999 (with Virginia McConnell). 
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“Mortality Risk Valuation: Evidence from a Contingent Valuation Survey,” (forthcoming) (With 
Maureen Cropper, Anna Alberini, Nathalie Simon, Kenshi Itaoka), Proceedings of an Expert Workshop 
on Mortality Risk Valuation, USEPA., March 1999.  

“A New Paradigm for Mortality Valuation,” (with Maureen Cropper, Anna Alberini, Bob Belli, and 
Nathalie Simon), paper presented at the International Conference on Probabilistic Safety Assessment and 
Management PSAM IV, Grand Hyatt Hotel, New York City, September 13-18, 1998.  Paper also 
presented at the World Congress of Environmental And Resource Economists, Venice, Italy, June 1998. 

“Mortality and Stated Preference Methods: An Exploratory Study,” (with Maureen Cropper, Anna 
Alberini, Bob Belli, and Nathalie Simon), paper presented at the Southern Economics Association 
Annual Meeting, Atlanta, GA, November 1997. 

“The Costs and Benefits of Title IV: An Integrated Assessment with the Total Analysis Framework,” 
(with Dallas Burtraw), paper presented at the Air and Waste Management Specialty Conference: Acid 
Rain and Electric Utilities II, Phoenix, AZ, January 1997. 

“Mobile Sources and Air Pollution Policy: International Experience and Recommendations for Bogota, 
Colombia,” (with Virgina McConnell and Eduardo Uribe Utero), presented at Environmental and Natural 
Resource Issues in Colombia, Hosted by the Colombian Department of State Planning, Bogota, 
September 1996. 

“The Social Costs of Electricity: Do the Numbers Add Up?” (with Dallas Burtraw), presented at the 
meeting of the Allied Social Science Associations, San Francisco, CA, January 1996. 

“The Social Benefits of Social Costing Research,” (with Dallas Burtraw and Karen Palmer), presented at 
the Workshop on the External Costs of Energy, sponsored by the European Commission and the OECD, 
Brussels, January 30-31, 1995. 

“Valuing Health Effects of Air Pollution in Developing Countries: The Case of Taiwan,” presented at the 
meeting of the Allied Social Science Associations, Washington, D.C., January 1995 (with Anna Alberini 
and Maureen Cropper). 

“Air Quality and the Value of Health in Taiwan” (with Anna Alberini, Maureen Cropper, and Winston 
Harrington), presented at a meeting of the Eastern Economics Association, Boston, MA, March 1994. 

“Airborne Health Damages and Environmental Priority Setting in Central and Eastern Europe” (with 
Kenneth Harrison, Eric Nickell, and Michael A. Toman), presented at the meeting of the Allied Social 
Science Associations, Boston, MA, January 1994. 

“Electric Utility Planning in the Presence of Externalities” (with Dallas Burtraw and Karen Palmer), 
presented at the Conference on Market Approaches to Environmental Protection, sponsored by Stanford 
University, December 1993. 

“Social Costing of a Mid-Atlantic Electric Utility: Implications for Electricity Supply, Energy Demand, 
and Air Emissions” (with Karen Palmer, Hadi Dowlatabadi, and Stuart Siegel), presented at the annual 
meeting of the Southern Economics Association, New Orleans, LA, November 1993. 

“Toward an Integrated Theory of International Trade and Environmental Policies” (with Arvind 
Panagariya, Karen Palmer, and Wallace E. Oates), presented at the American Economic Association 
Annual Meetings, Anaheim, CA, January 5-7, 1993.  Also issued as RFF Discussion Paper QE93-07, 
“Toward an Integrated Theory of Open Economy Environmental and Trade Policy,” Washington, D.C., 
June 1993. 
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“The Social Costs of Fuel Cycles:  Lessons Learned,” presented at the AERE Sessions of the American 
Economic Association Annual Meetings, Anaheim, Calif., January 5-7, 1993.  Resources for the Future 
Discussion Paper QE93-04, Washington, D.C., January 1993. 

“Benefit Transfer and Social Costing,” in Benefit Transfer: Procedures, Problems, and Research Needs, 
Proceedings of a 1992 Association of Environmental and Resource Economists Workshop, Snowbird, 
UT, June 3-5, 1992. 

“Incentive Policies for Industrial Pollution Control in China,” presented at the American Economic 
Association Annual Meetings, New Orleans, LA, January 2-5, 1992. 

“The Social Costs of Electricity:  How Much of the Camel to Let in Under the Tent,” presented at the 
Annual Conference of the National Association of Regulatory Utility Commissions, Williamsburg, Va., 
December 1991.  Resources for the Future Discussion Paper QE92-15 (with Dallas Burtraw), 
Washington, D.C., April 1992.  

“Transportation and Air Pollution in Urban Areas of Developed and Developing Countries,” presented at 
the 70th Annual Meeting of the Transportation Research Board, Washington, D.C., January 13-17, 1991. 

“Air Pollution in Urban Areas of Developing Countries:  Problems and Solutions,” presented at 
Environment and Development, a United Nations University Conference, Helsinki, Finland, September 
3-7, 1990.  Resources for the Future Discussion Paper QE91-14, Washington, D.C., October 1991. 

“The Cost-effectiveness of Methanol Vehicles” (with Margaret Walls), presented at the American 
Economic Association/AERE Annual Meetings, Washington, D.C., December 26-28, 1990. 

“The Effect of Information on Health Risk Valuations” (with Maureen Cropper), presented at the 
American Economic Association/AERE Annual Meetings, Atlanta, GA, December 28-30, 1989; 
Resources for the Future Discussion Paper QE90-13. 

“The Social Costs of Chronic Heart and Lung Disease” (with Maureen Cropper), presented at AERE 
Workshop, May 1989; Resources for the Future Discussion Paper QE89-16. 

“Tradable Nutrient Permits and the Chesapeake Bay Compact,” presented at the American Economic 
Association/AERE Annual Meetings, NY, December 28-30, 1988; Resources for the Future Discussion 
Paper QE89-07. 

“Uncertainties in Estimates of the Cost and Benefits of Groundwater Remediation:  Results of a Cost-
Benefit Analysis” (with Walter Spofford and Eric F. Wood), presented at the Water Resources Research 
Conference, December 1988; Resources for the Future Discussion Paper QE89-15. 

“Economics and Nutrient Management in the Chesapeake Bay,” presented at the Annual Conference on 
the Economics of Chesapeake Bay Management, Baltimore, MD, May 23-25, 1988. 

“The Temporal and Spatial Control of Ambient Ozone,” presented at the Annual Meeting of the Air 
Pollution Control Association, Dallas, TX, June 20-24, 1988. 

“Reducing Bay Nutrients:  An Economic Perspective,” presented at the Symposium on the Chesapeake 
Bay, Maryland School Of Law, Baltimore, MD, October 14, 1987. 

“Agricultural Policy and the Benefits of Ozone Control,” presented at the Annual Meeting of the 
American Agricultural Economics Association, East Lansing, MI, August 2-5, 1987.  

“Air Pollution and Environmental Policy:  The Case of the National Ambient Air Quality Standards for 
Photochemical Oxidants,” presented at the American Economics Association Conference, New Orleans, 
La., December 28-30, 1986. 
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“Air Pollution and Acute Health Effects:  New Evidence” (with Winston Harrington), presented at the 
Environmental Law Institute-Environmental Protection Agency Joint Seminar Series, November 20, 
1986. 

“Estimating the Uncertainties in the Benefits of Management Strategies for Controlling Groundwater 
Contamination,” presented at the Annual Meeting of the Society for Risk Analysis, Boston, MA, 
November 10, 1986. 

“Lung Function as a Risk Factor for Acute Respiratory Disease:  An Epidemiological Study” (with Winston 
Harrington), presented at the Air Pollution Control Association Conference, Detroit, MI, June 1985. 

“Managing the Chesapeake Bay Clean-Up:  A Modeling Approach,” presented at the Eighth Biennial 
International Estuarine Research Conference, Durham, NH, July 1985. 

“Air Pollution and Acute Respiratory Disease in Children:  A Micro-epidemiological Analysis” (with 
Winston Harrington), presented to the Association of Environmental and Resources Economists at the 
American Economic Association Conference, Dallas, TX, December 1984. 

“What Makes EPA Run?  An Empirical Analysis of EPA Rulemaking Behavior,” presented to the 
Conference on Implementation of Environmental Regulation:  International Comparisons, Berlin, 
October 1981. 

“Equity and Efficiency in the Promulgation of Federal Regulations:  The Case of EPA’s Effluent 
Discharge Standards” (with Winston Harrington), presented at the American Economic Association 
Conference, Denver, CO, September 1980. 

“On the Design of a Market for Air Pollution Rights:  The Spatial Problem” (with Wallace Oates), 
presented at the Western Economics Association Conference, San Diego, CA, June 1980. 

“Regulatory Rulemaking in Theory and Practice:  The Case of EPA’s Effluent Guidelines” (with Wesley 
A. Magat and Winston Harrington), presented at Western Economic Association Conference, San Diego, 
CA, June 1980. 

“An Economic-Environmental Planning Manual for Counties, States, and Metropolitan Areas” (with J.H. 
Cumberland), BBER Working Paper #1, presented at the Regional Science Association Meetings, 
November 11, 1977. 

 
 

RECENT TESTIMONY 

Testimony on the Performance of the Clean Air Act, before the House Subcommittee on Energy and Air 
Quality, Committee on Energy and Commerce, May 1, 2002.  

Testimony on the Proposed NAAQS for Ozone and PM (Panel I), before the Subcommitttee on Clean 
Air, Wetlands, Private Property, and Nuclear Safety, Senate Committee on Environment and Public 
Works, April 24, 1997. 

Testimony on Implementation of the Proposed NAAQS for Ozone and PM (Panel II), before the 
Subcommitttee on Clean Air, Wetlands, Private Property, and Nuclear Safety, Senate Committee on 
Environment and Public Works, April 24, 1997. 

Testimony on Implementation and Enforcement of the Clean Air Act, before the Subcommitttee on 
Health and the Environment and the Subcommittee on Oversight, House Commerce Committee, 
November 9, 1995. 
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Testimony on Regulatory Reform bills in Congress, provided to the U.S. Senate Governmental Affairs 
Committee, March 8, 1995. 

 
 

RECENT PRESENTATIONS 

The WTP for Delayed Mortality Risk Reductions (with Maureen Cropper, Anna Alberini, and Nathalie 
Simon), for presentation to the Second World Congress of Environmental and Natural Resource 
Economists, Monterrey, CA, June 29, 2002. 

Ancillary Carbon Reductions from SO2 Reductions in China: Results of a Survey (with Richard 
Morgenstern), prepared for the US EPA, June 2002, for presentation to the Second World Congress of 
Environmental and Natural Resource Economists, Monterrey, CA, June 29, 2002. 

Source-Receptor Relationships for Ozone and PM2.5 in the Eastern U.S. (with Ted Russell, Michelle 
Bergin and Jhih-Shyang Shih) for presentation to the Second World Congress of Environmental and 
Natural Resource Economists, Monterrey, CA, June 29, 2002. 

“The Effect of Risk and Individual Characteristics on the Willingness to Pay for Mortality Risk 
Reductions,” presented at Economic Valuation of Health for Environmental Policy: Assessing 
Alternative Approaches, University of Central Florida, March 18-19, 2002.  Sponsored by the USEPA. 

“Power Plants and Clean Air: Proposed Reforms of the Clean Air Act,” SAIS Energy/Environment 
Seminar Series, Washington, D.C. March, 2002. 

“Approaches to Estimating the Value of Statistical Life,” Department of Transportation Briefing, 
February 21, 2002. 

“Factors Affecting the Willingness to Pay for Mortality Risk Reductions,” presented at an EPA-
sponsored conference on the Valuation of Mortality Risks, Silver Spring, MD, November 2001. 

Gave RFF Wednesday Seminar Series talk: Mortality Risk Valuation in the Context of Air Pollution, 
March 2001 (with Anna Alberini)  

“Age, Health and the Willingness to Pay for Mortality Risk Reductions,” presented at Harvard School of 
Public Health (February 2001) (Cropper)  

“Age, Health and the Willingness to Pay for Mortality Risk Reductions,” presented at The Measurement 
and Economic Valuation of the Health Effects of Air Pollution, A symposium sponsored by the UK 
Department of the Environment, Transportation, and Regions, London, February 19-20, 2001. 

“Age, Health and the Willingness to Pay for Mortality Risk Reductions,” invited paper presented to the 
MacMaster University School of Public Health, Ontario, Canada, December 2000. 

“Age, Health and the Willingness to Pay for Mortality Risk Reductions,” Workshop on the Value of 
Mortality and Morbidity, Brussels, Belgium, November 13, 2000. 

“The Ancillary Benefits and Costs of Climate Change Mitigation,” given at the Fifth Annual Global 
Climate Change Research Seminar, Electric Power Research Institute, Wyndham City Center Hotel, 
Washington, D.C., May 17-18, 2000. 

“Methods for estimating ancillary benefits of climate change mitigation” given at Methods Development 
for Estimating Ancillary Benefits of Climate Mitigation, sponsored by various Canadian government 
agencies: Calgary, Canada, May 3-4, 1999.   

“Mortality risk valuation in adults,” at EPA-NSF Health Valuation Workshop, Arlington, VA, March 15-
16, 1999. 
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“Environmental Effects of Electric Vehicles Charged at Night,” at Transportation Research Board 
Annual Conference, Washington, D.C.  January, 1999.. 

“Health risks and valuation in Ukraine” to World Bank staff and Ukrainian visitors, November 1998. 

“Assumptions for Estimating Ancillary Benefits of Climate Policy,” presented at Climate Change 
Economic Analysis Forum’s Workshop: Critical Assumptions: What Matters…What Doesn’t, Chateau 
Cartier Hotel, Aylmer, Quebec, October 1998. 

“Incentives for Mobile Source Pollution Control,” presented before the National Advisory Council on 
Environmental Policy and Technology, of the EPA Office of Reinvention, Sheraton Hotel, Washington, 
DC, September 1998. 

“Research Needs for Cost-Benefit Analysis of Air Quality Standards,” presented at the Annual Meeting 
of the American Association of Agricultural Economics, Salt Lake City, UT, August 3, 1998. 

“Environmental Economics,” lectures given at the World Bank’s Environmental Economics for 
Development Policy Course, July 8, 1998. 

“Chesapeake Bay and Control of NOx Emissions: A Policy Analysis,” presented at the Duke-RTI 
Environmental and Resource Economics Seminar Series, RTI, NC, June 4, 1998. 

“Research Needs for Better Cost-Benefit Analyses,” presented at the North Carolina State Economics 
Seminar Series, Raleigh, NC, June 3, 1998. 

“Mortality Risk Valuation,” presented at the Executive Branch Economics Interagency Work Group, Old 
Executive Office Building, April 7, 1998.  

“Mortality Risk Valuation,” at EPA/NSF Partnership Conference, RFR Conservation Center, April 2-3, 
1998. 

“Economic and Legal Issues Associated with the Ambient Air Quality Standards for Ozone and 
Particulates,” presented at Pace University Law School Colloquium: Science and Public Policy: New 
Ambient Air Quality Standards Under the Clean Air Act, White Plains, NY, February 27, 1998. 

“Estimating the Benefits of Environmental Improvements,” presented to MITI, Tokyo, Japan, January 22, 
1998. 

“The Social Costs of Transportation,” presentation at the Annual Meeting of the Transportation research 
Board, Washington, D.C., January 15, 1998. 

“The Economics of Environmental Health Improvements: Background Document,” for the World Health 
Organization Workshop, London, June 15, 1997. 

“The Costs and Benefits of the Proposed Air Quality Standards,” Air Pollution Policy: Symposium on 
EPA’s Proposed Standards for Ozone and Particulates, Resources for the future, February 10, 1997. 

“Cost-Benefit Analysis and the Proposed Standards for Ozone and PM,” Kennedy School of 
Government, Continuing Education Program, Harvard University, Cambridge, MA, March, 1997. 

“The Proposed Ozone and PM Standards: Economic Issues,” Massachusetts Institute of Technology, 
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•  Fluid dynamics  

•  Flow and transport processes in subsurface systems  

•  Advanced stochastic PDE techniques (diagrammatic, space transformation, and differential 
geometry techniques)  

•  Natural hierarchy of scales and upscaling analysis  

•  Stochastic logic and random field theory  

•  Atmospheric pollution monitoring and control  

•  Medical geography  

•  Spatiotemporal epidemiology  

•  Toxicokinetics models  

•  Decision analysis and risk assessment  
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Glossary and Multilingual Dictionary, Oxford Univ. Press, Oxford, UK, 177 p.  
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