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How do stressors affect ecosystem services?
How can human well-being be quantified & valued?

Stressor Trends
« 2x CO,

« 3x Reactive Nitrogen
= Human Health
= Ecosystems

e Ozone & PM-10
(NO, and SO,)

* Acid Deposition
(NO, & SO,)

e Mercury

Additional information:
EPA Ecological Benefits
Strategic Plan 2006.

Stressors affect ecosystem structure & function,
ecosystem services, and human welfare benefits
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Figure 3, Fisher et al 2009. Defining and
classifying ecosystem services for decision
making. Ecological Economics 68: 643-653

Typically require other
forms of capital to
realize these benelits,
e.g. hydro-power will
require some built
capital to harness the
cnergy.
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http://www.epa.gov/economics

Need for “reproducibility” in assessments of
risks & in valuation of benefits trade-offs.

Environmental & human health risk assessments are based on:
1. data
2. data analysis (including computer modeling)
3. interpretation, and peer reviewed publication

To fully check the analyses, we should be able to:
4. access the data
5. access computer script used in the data analysis
6. be able to reanalyze the data, and check interpretations

Then we can agree or disagree.
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Reproducible Research (RR)
Human Health & Environmental Applications

Talk Outline

 Reproducible Research. What is it?

 Two quick examples:

= Environmental
« Global Warming (CO,), RR related to Mike Mann’s “hockey stick”.
» Epidemiology (Human Health affected by NO, & SO,)

 National Lakes Assessment (preliminary RR analyses)
« NEAEB Mtg / Computational Workshop (rRRr analyses)
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Reproducible Research (RR). What Is it?

* “Reproducible Research in Scientific Discovery” R. Gentleman,
2005

« The RR focus is on reproducibility in data analysis, and has its roots
In “literate programming”( Knuth 1992), in computer sciences.

» Described a bit more in: “Beyond data: reproducible research in
ecology and environmental sciences” Hollister & Walker. 2007.
Frontiers in Ecology and the Environment Vol. 5, No. 1, pp. ﬂ

* Reproducible Research Compendiums: Integrated Collections of
text, code, data, and auxilary information (metadata), needed to
replicate the data analyses (statistics and graphics).

(Gentleman 2004)
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http://gentleman.fhcrc.org/Fld-talks/RGRepRes.pdf
http://www.esajournals.org/doi/pdf/10.1890/1540-9295(2007)5%5B10a:TPOC%5D2.0.CO%3B2
http://www.bepress.com/bioconductor/paper2/

Reproducible Research (RR)

Two quick hyperlinked examples:

 Environmental Examples (co,, NO, & SO,)
» Global Warming
= Air Quality and Human Mortality
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lobal warming, natural variability or huge risk?

Northern Hemisphere Temperature Reconstruction
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Fig.4 - The 'Hockey Stick’

Mike Mann’s « At scale of the Northern Hemisphere,
Congressional the “Little Ice Age” wasn’t a big deal.
Testimony 1n 2003

e By the second half of the 20" century, clear
evidence of warming due to human activities
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Presenter
Presentation Notes
This image is a comparison of 10 different published reconstructions of mean temperature changes during the last 1000 years. More recent reconstructions are plotted towards the front and in redder colors, older reconstructions appear towards the back and in bluer colors. An instrumental history of temperature is also shown in black. The medieval warm period and little ice age are labeled at roughly the times when they are historically believed to occur, though it is still disputed whether these were truly global or only regional events. The single, unsmoothed annual value for 2004 is also shown for comparison. (Image:Instrumental Temperature Record.png shows how 2004 relates to other recent years).

It is unknown which, if any, of these reconstructions is an accurate representation of climate history; however, these curves are a fair representation of the range of results appearing in the published scientific literature. Hence, it is likely that such reconstructions, accurate or not, will play a significant role in the ongoing discussions of global climate change and global warming.

For each reconstruction, the raw data has been decadally smoothed with a σ = 5 yr Gaussian weighted moving average. Also, each reconstruction was adjusted so that its mean matched the mean of the instrumental record during the period of overlap. The variance (i.e. the scale of fluctuations) was not adjusted (except in one case noted below).

Except as noted below, all original data for this comparison comes from [1] and links therein. It should also be noted that many reconstructions of past climate report substantial error bars, which are not represented on this figure.



The reconstructions used, in order from oldest to most recent publication are:

(dark blue 1000-1991): P.D. Jones, K.R. Briffa, T.P. Barnett, and S.F.B. Tett (1998). , The Holocene, 8: 455-471. 

(blue 1000-1980): M.E. Mann, R.S. Bradley, and M.K. Hughes (1999). , Geophysical Research Letters, 26(6): 759-762. 

(light blue 1000-1965): Crowley and Lowery (2000). , Ambio, 29: 51-54. Modified as published in Crowley (2000). , Science, 289: 270-277. 

(lightest blue 1402-1960): K.R. Briffa, T.J. Osborn, F.H. Schweingruber, I.C. Harris, P.D. Jones, S.G. Shiyatov, S.G. and E.A. Vaganov (2001). , J. Geophys. Res., 106: 2929-2941. 

(light green 831-1992): J. Esper, E.R. Cook, and F.H. Schweingruber (2002). , Science, 295(5563): 2250-2253. 

(yellow 200-1980): M.E. Mann and P.D. Jones (2003). , Geophysical Research Letters, 30(15): 1820. DOI:10.1029/2003GL017814. 

(orange 200-1995): P.D. Jones and M.E. Mann (2004). , Reviews of Geophysics, 42: RG2002. DOI:10.1029/2003RG000143 

(red-orange 1500-1980): S. Huang (2004). , Geophys. Res Lett., 31: L13205. DOI:10.1029/2004GL019781 

(red 1-1979): A. Moberg, D.M. Sonechkin, K. Holmgren, N.M. Datsenko and W. Karlén (2005). , Nature, 443: 613-617. DOI:10.1038/nature03265 

(dark red 1600-1990): J.H. Oerlemans (2005). , Science, 308: 675-677. DOI:10.1126/science.1107046 

(black 1856-2004): Instrumental data was jointly compiled by the Climatic Research Unit and the UK Meteorological Office Hadley Centre. Global Annual Average data set TaveGL2v [2] was used.

http://commons.wikimedia.org/wiki/File:2000_Year_Temperature_Comparison.png
http://en.wikipedia.org/wiki/Michael_Mann_(scientist)

@keptical Scientists wanted to recalculate and
extend analyses farther back

Northern Hemisphere  |:
Temperature
Reconstruction
- Fig.4 - The 'Hockey Stick'
0.4

Medieval

g 02 VWarm Period
=
E 0 | ;
Mike Mann’s S | | '
. é‘:: 02 ‘I* IE: A | P Y I i LI
Congressional ® AN W N
. . = - AW AT L
Testimony 1n 2003 ® 04 \ "\ o ey
ué.-g,s Y ' %fl] |
S A
= _o.8 !
-1l Little Ice Age

O 200 400 600 800 1000 1200 1400 1600 1800 2000

RESEARCH & DEVELOPMENT

Building a scientific foundation for sound environmental decisions


Presenter
Presentation Notes
This image is a comparison of 10 different published reconstructions of mean temperature changes during the last 1000 years. More recent reconstructions are plotted towards the front and in redder colors, older reconstructions appear towards the back and in bluer colors. An instrumental history of temperature is also shown in black. The medieval warm period and little ice age are labeled at roughly the times when they are historically believed to occur, though it is still disputed whether these were truly global or only regional events. The single, unsmoothed annual value for 2004 is also shown for comparison. (Image:Instrumental Temperature Record.png shows how 2004 relates to other recent years).

It is unknown which, if any, of these reconstructions is an accurate representation of climate history; however, these curves are a fair representation of the range of results appearing in the published scientific literature. Hence, it is likely that such reconstructions, accurate or not, will play a significant role in the ongoing discussions of global climate change and global warming.

For each reconstruction, the raw data has been decadally smoothed with a σ = 5 yr Gaussian weighted moving average. Also, each reconstruction was adjusted so that its mean matched the mean of the instrumental record during the period of overlap. The variance (i.e. the scale of fluctuations) was not adjusted (except in one case noted below).

Except as noted below, all original data for this comparison comes from [1] and links therein. It should also be noted that many reconstructions of past climate report substantial error bars, which are not represented on this figure.



The reconstructions used, in order from oldest to most recent publication are:

(dark blue 1000-1991): P.D. Jones, K.R. Briffa, T.P. Barnett, and S.F.B. Tett (1998). , The Holocene, 8: 455-471. 

(blue 1000-1980): M.E. Mann, R.S. Bradley, and M.K. Hughes (1999). , Geophysical Research Letters, 26(6): 759-762. 

(light blue 1000-1965): Crowley and Lowery (2000). , Ambio, 29: 51-54. Modified as published in Crowley (2000). , Science, 289: 270-277. 

(lightest blue 1402-1960): K.R. Briffa, T.J. Osborn, F.H. Schweingruber, I.C. Harris, P.D. Jones, S.G. Shiyatov, S.G. and E.A. Vaganov (2001). , J. Geophys. Res., 106: 2929-2941. 

(light green 831-1992): J. Esper, E.R. Cook, and F.H. Schweingruber (2002). , Science, 295(5563): 2250-2253. 

(yellow 200-1980): M.E. Mann and P.D. Jones (2003). , Geophysical Research Letters, 30(15): 1820. DOI:10.1029/2003GL017814. 

(orange 200-1995): P.D. Jones and M.E. Mann (2004). , Reviews of Geophysics, 42: RG2002. DOI:10.1029/2003RG000143 

(red-orange 1500-1980): S. Huang (2004). , Geophys. Res Lett., 31: L13205. DOI:10.1029/2004GL019781 

(red 1-1979): A. Moberg, D.M. Sonechkin, K. Holmgren, N.M. Datsenko and W. Karlén (2005). , Nature, 443: 613-617. DOI:10.1038/nature03265 

(dark red 1600-1990): J.H. Oerlemans (2005). , Science, 308: 675-677. DOI:10.1126/science.1107046 

(black 1856-2004): Instrumental data was jointly compiled by the Climatic Research Unit and the UK Meteorological Office Hadley Centre. Global Annual Average data set TaveGL2v [2] was used.

http://commons.wikimedia.org/wiki/File:2000_Year_Temperature_Comparison.png
http://en.wikipedia.org/wiki/Michael_Mann_(scientist)

Scientifically, the warming controversy has settled down as data and
code were made available. Public Opinion hasn’t settled down.

Reevaluation of the Mann-Bradley-Hughes Climate Reconstruction
(1998/1999)

f_

Publications and Associated Supplemental Material : 2 °C by 2100 ? 1
ik |
= | Wahl E.R. and C.M. Ammann, 2007: Robustness of the Mann, Bradley, Hughes Reconstruction of Northern Hemisphere Surface Temperatur

Examination of Criticisms Based on the Wature and Processing of Proxy Climate Evidence. Climatic Change_ 85: §85:33-69. I
/ Paper, @Cnde and finther Supplemental Material .
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——— MBH Original Proxies l\.ldBH99 and Correction (this work? .
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http://www.cgd.ucar.edu/ccr/ammann/millennium/MBH_reevaluation.html
http://www.cgd.ucar.edu/ccr/ammann/millennium/WA_supplement.html
http://www.cgd.ucar.edu/ccr/ammann/millennium/AW_supplement.html

'®

R Example 2: How does air quality affect human health?

Seasonal Analyses of Air Pollution and Mortality in 100 US Cities
Peng et al 2005 Am J Epidemiol 2005;161:585-594

-
=)
|

SO, & NO, controls to reduce human health risks,
(PM,, & ozone). Secondary ecological benefits ? ? ?
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FIGURE 1. Baox plots of square-root daily montality for the 10 largest US cities, by season, National Morbidity and Mortality Air Pallution Study,
1987-2000. Horizontal line, median; edges of box, interquartile range (25th and 75th percentiles); bars, 1.5 times the interquartile range.

Los Angeles rated most polluted city based on ozone, and fine particulates

Peng’s 2005 analysis is reproducible:
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APPENDIX

Sweave Example

The following is taken from a vignette for reproducing the results reported in the paper by Peng et al. 2005.



 The document is written in the LATEX document-formatting language, and the portions between the <<>>¼ and @ symbols are written in

the R language.



The national average estimates of the overall and seasonal short-term effects of \PMTen\ on mortality for lags 0, 1, and 2 are summarized in Table 2. These estimates were obtained by  pooling the city-specific maximum likelihood estimates from the main effect and pollutantseason

interaction models according to the hierarchical normal model.

<<nationalAverageEstimates,results¼tex,echo¼false>>¼ Seasons <- c(‘‘Winter’’, ‘‘Spring’’, ‘‘Summer’’, ‘‘Fall’’, ‘‘All Seasons’’)

Lags <- paste(‘‘Lag’’, 0:2); exclude <- c(‘‘hono’’, ‘‘anch’’)

## Load non-seasonal estimates

load(file.path(‘‘results’’, ‘‘city-specific-est.pm10.rda’’))

results <- lapply(results, function(x) x[setdiff(names(x), exclude)])

## Pool estimates

betacovTotal <- lapply(results, extractBetaCov, pollutant ¼ poll)

pooledTotal <- lapply(betacovTotal, poolCoef)

## Load seasonal estimates

load(file.path(‘‘results’’, ‘‘seasonal.factor2.lag.012.pm10.rda’’))

results <- lapply(results, function(x) x[setdiff(names(x), exclude)])

## Pool estimates by season

pooledSeas <- lapply(results, coefSeasonal, pollutant¼poll,

method¼method)

pooled <- lapply(seq(along ¼ pooledSeas), function(i) f m <- rbind(pooledSeas[[i]], pooledTotal[[i]])

rownames(m) <- Seasons

m

g)

@

Reproducible Epidemiologic Research 789

Am J Epidemiol 2006;163:783–789





http://aje.oxfordjournals.org/cgi/reprint/163/9/783
http://www.citymayors.com/environment/polluted_uscities.html

Good News: Clean Air Act = 24% drop in SO, emissions
Bad News: Northeastern Acid Lakes Remain Impaired

Deposition of acid-forming nitrogen in the eastern United States
remained virtually unchanged from 1989 through 1998

1983-94 1995-98

Mitrale wel deposition (kgha)
50 '.I'.l-B- ELF 1{It.-B IE..FI 1-'-|-|I3 15-|B 1'.I;.E ‘E-E.IB: E-D..-'-I- :-:EP}

— e ENViroN. Sci. Technol. 2000, 34 (11), 248A

NO, reductions to protect human health, will reduce acid deposition and reduce flux
of nitrogen to lakes, streams & estuaries. Need to quantify secondary benefits.
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In publications, we are beginning to witness a shift

Old Publication Paradigm

« Hard copy publication (e.g. Science, Nature, ES&T).
= Amaze your friends, confuse your enemies

To the “reproducible research” community,
this 1sn’t publication, but mere advertisement.

New Publication Paradigm

« Publication of your results in ways that others can recalculate,
and refine them. Include: 1) results, 2) data, 3) computational
script needed to re-compute statistics and figures.

Goal. Do this with open source or readily available software.
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Reproducible Research
Human Health & Environmental Applications

Talk Outline

 National Lakes Assessment (preliminary RR analyses)
« NEAEB Mtg / Computational Workshop (rRR analyses)
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Nation’s Lakes Survey (NLS)
for unbiased estimates of conditions in lakes and reservoirs
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http://www.epa.gov/owow/lakes/lakessurvey/siteselect_factsheet.html

Excel Viewer for QA of Draft NLS Water Chemistry Data Set
Lake Depth Categories: Shallow <2.6 m < Medium < 16.3 Medium < Deep.

D0 il fx Z0

& | B | Cc | D

| E | F

Lo [ v [ 3 [ kK [ L [ ®m |

L0 00| = | O AR | |

malp Select Parameter

| Estimated hean D epth (m)

map. Select Threshold Type

{:’ Percentiles

Wiew Thrashald
Table

Estimated Mean Depth {m)]
Low: < =26 m
Mid: ZEta 18 m
High: > 16 m

Est Mean_z meters

Shallow <2.6

'@' Table Value:

>16.3

Min: 0z m
Custam threshalds are from Table Mediar: z m
TH1=2Em Maw: 32 m
THZ =16 m Count: 1134

Deep

Distribution Plot: Shows all values, ordered high to low by EPA Region

Estimated Mean Depth (m)

Estimated mean depth.
Sorted from highest to
lowest by EPA Region

Need to use station weights
to estimate proportions of
lakes in various categories.
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Excel Viewer for QA of Draft NLS Water Chemistry Data Set
Prototype Viewer Demonstrated at NEAEB computational session this PM
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g Need to use station weights
to estimate proportions of
w] R lakes in various categories.
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Possible regression relationships
between Chl-a, TP, and TN

NLS 2007
Water Chemistry Data

(Draft, not fully QA’d) -]

In_Chla

In_TP

Possible model form: -+ :: ; 4 6 8 m
In Chl-a, ~a + B, InTN; + 3, In TP, + ¢,
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Chla_N <-cbind(ln_Chla,ln_TP,ln_TN)

pairs(Chla_N)


How do Trophic Status Indices (TSI)
vary in Nation’s lake & resevoirs?

Chlorophyll-a: TSI(CHL) =9.81 In(CHL) + 30.6
Total Phosphorus: TSI(TP) =14.42 In(TP) + 4.15

Influences on trophic status Trophic Status (TSI)
* Nutrient Supply TSI’s are “descriptive”
« Climate (seasonality) . .
* Basin Morphometry Oligotrophic < 40
= Surface area 40 < Mesotrophic < 50
= Volume ,
50 < Eutrophic <70

= Average depth

 Water residence Time 70 < Hyper-Eutrophic

e (Color
RESEARCH & DEVELOPMENT
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Trophic Status Indicators & possible ecological effects

TSI(TP) = 14.42 In(TP) + 4.15 or TSI(CHL) = 9.81 In(CHL) + 30.6
http://castlehs.com/users/johlsen/ecology/A%20Trophic%20State%20Index.doc

Ol LNMESOMMNVTTICN

TSI <30 30-40 40-50 50-60 60-70 70-80 >80
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®)
Trophic Status Index for Chl-a & Total Phosphorous (draft NLS data)

S o ' ' o .-~ Hyper-eutrophic
Above.l :1 line phosphorus may limit T e® . Chla > 56
algal biomass (e.g. TN/TP >33:1) O
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Reference Lines: Green - Oligotropy, Red - Eutrophy, Purple - Hypereutrophy.
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Presentation Notes
plot(TSI_Chl ~ TSI_TP, main="Trophic Status Indices for Chlorophyll and Phosphorous (National Lakes Survey)",

sub="Reference Lines: Green - Oligotropy, Red - Eutrophy, Purple - Hypereutrophy.",xlab="Total Phosphorous TSI", ylab="Chlorophyll TSI", data=WaterChem)  

abline(h=40.0, col=3,lty=1,lwd=2)

abline(h=50.0,col=2,lty=1,lwd=2)

abline(h=70.0,col=6,lty=1,lwd=2)

abline(v=40.0, col=3,lty=1,lwd=2)

abline(v=50.0,col=2,lty=1,lwd=2)

abline(v=70.0,col=6,lty=1,lwd=2)



TN / TP > 33 implies P limitation.

To add low, medium, and high  TN/TP rations, follow example in 

http://r-spatial.sourceforge.net/gallery/#fig02.R






A quick descriptive look at trophic status variations by ecoregion.

WSA Ecological Regions®

B Morthern Appalachians [ || Southern Plains
[ Southem Appalichians [ Morthern Phins
[ Coastal Plains B Vvestern Mountaing

[ Upper Midwest [ Xeric
[ Temporate Plains

“haied on Orrmecrak Larvad W acorapionn
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() Trophic Status Indices for Chlorophyll and Phosphorous (National Lakes Survey)
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plot.new         

xyplot(TSI_Chl ~ TSI_TP | WSA_9_NM, main="Trophic Status Indices for Chlorophyll and Phosphorous (National Lakes Survey)",

sub="Reference Lines: Green - Oligotropy, Red - Eutrophy, Purple - Hypereutrophy.  LOESS fit to all National Lakes Survey Data.",xlab="Total Phosphorous TSI", ylab="Chlorophyll TSI", data=WaterChem)  

            

trellis.focus("panel",1,1, highlight = FALSE)   # *** (focus on panel 1,1)

panel.abline(h=40.0, col=3,lty=1,lwd=2)

panel.abline(h=50.0,col=2,lty=1,lwd=2)

panel.abline(h=70.0,col=6,lty=1,lwd=2)

panel.abline(v=40.0, col=3,lty=1,lwd=2)

panel.abline(v=50.0,col=2,lty=1,lwd=2)

panel.abline(v=70.0,col=6,lty=1,lwd=2)

panel.loess(TSI_TP, TSI_Chl)

trellis.unfocus("panel",1,1)



trellis.focus("panel",2,1, highlight = FALSE)   # *** (focus on panel 1,1)

panel.abline(h=40.0, col=3,lty=1,lwd=2)

panel.abline(h=50.0,col=2,lty=1,lwd=2)

panel.abline(h=70.0,col=6,lty=1,lwd=2)

panel.abline(v=40.0, col=3,lty=1,lwd=2)

panel.abline(v=50.0,col=2,lty=1,lwd=2)

panel.abline(v=70.0,col=6,lty=1,lwd=2)

panel.loess(TSI_TP, TSI_Chl)

trellis.unfocus("panel",2,1, highlight = FALSE)



trellis.focus("panel",3,1, highlight = FALSE)   # *** (focus on panel 1,1)

panel.abline(h=40.0, col=3,lty=1,lwd=2)

panel.abline(h=50.0,col=2,lty=1,lwd=2)

panel.abline(h=70.0,col=6,lty=1,lwd=2)

panel.abline(v=40.0, col=3,lty=1,lwd=2)

panel.abline(v=50.0,col=2,lty=1,lwd=2)

panel.abline(v=70.0,col=6,lty=1,lwd=2)

panel.loess(TSI_TP, TSI_Chl)

trellis.unfocus("panel",3,1, highlight = FALSE)



trellis.focus("panel",1,2, highlight = FALSE)   # *** (focus on panel 1,1)

panel.abline(h=40.0, col=3,lty=1,lwd=2)

panel.abline(h=50.0,col=2,lty=1,lwd=2)

panel.abline(h=70.0,col=6,lty=1,lwd=2)

panel.abline(v=40.0, col=3,lty=1,lwd=2)

panel.abline(v=50.0,col=2,lty=1,lwd=2)

panel.abline(v=70.0,col=6,lty=1,lwd=2)

panel.loess(TSI_TP, TSI_Chl)

trellis.unfocus("panel",1,2, highlight = FALSE)



trellis.focus("panel",2,2, highlight = FALSE)   # *** (focus on panel 1,1)

panel.abline(h=40.0, col=3,lty=1,lwd=2)

panel.abline(h=50.0,col=2,lty=1,lwd=2)

panel.abline(h=70.0,col=6,lty=1,lwd=2)

panel.abline(v=40.0, col=3,lty=1,lwd=2)

panel.abline(v=50.0,col=2,lty=1,lwd=2)

panel.abline(v=70.0,col=6,lty=1,lwd=2)

panel.loess(TSI_TP, TSI_Chl)

trellis.unfocus("panel",2,2, highlight = FALSE)



trellis.focus("panel",3,2, highlight = FALSE)   # *** (focus on panel 1,1)

panel.abline(h=40.0, col=3,lty=1,lwd=2)

panel.abline(h=50.0,col=2,lty=1,lwd=2)

panel.abline(h=70.0,col=6,lty=1,lwd=2)

panel.abline(v=40.0, col=3,lty=1,lwd=2)

panel.abline(v=50.0,col=2,lty=1,lwd=2)

panel.abline(v=70.0,col=6,lty=1,lwd=2)

panel.loess(TSI_TP, TSI_Chl)

trellis.unfocus("panel",3,2, highlight = FALSE)



trellis.focus("panel",1,3, highlight = FALSE)   # *** (focus on panel 1,1)

panel.abline(h=40.0, col=3,lty=1,lwd=2)

panel.abline(h=50.0,col=2,lty=1,lwd=2)

panel.abline(h=70.0,col=6,lty=1,lwd=2)

panel.abline(v=40.0, col=3,lty=1,lwd=2)

panel.abline(v=50.0,col=2,lty=1,lwd=2)

panel.abline(v=70.0,col=6,lty=1,lwd=2)

panel.loess(TSI_TP, TSI_Chl)

trellis.unfocus("panel",1,3, highlight = FALSE)



trellis.focus("panel",2,3, highlight = FALSE)   # *** (focus on panel 1,1)

panel.abline(h=40.0, col=3,lty=1,lwd=2)

panel.abline(h=50.0,col=2,lty=1,lwd=2)

panel.abline(h=70.0,col=6,lty=1,lwd=2)

panel.abline(v=40.0, col=3,lty=1,lwd=2)

panel.abline(v=50.0,col=2,lty=1,lwd=2)

panel.abline(v=70.0,col=6,lty=1,lwd=2)

panel.loess(TSI_TP, TSI_Chl)

trellis.unfocus("panel",2,3, highlight = FALSE)



trellis.focus("panel",3,3, highlight = FALSE)   # *** (focus on panel 1,1)

panel.abline(h=40.0, col=3,lty=1,lwd=2)

panel.abline(h=50.0,col=2,lty=1,lwd=2)

panel.abline(h=70.0,col=6,lty=1,lwd=2)

panel.abline(v=40.0, col=3,lty=1,lwd=2)

panel.abline(v=50.0,col=2,lty=1,lwd=2)

panel.abline(v=70.0,col=6,lty=1,lwd=2)

panel.loess(TSI_TP, TSI_Chl)

trellis.unfocus("panel",3,3, highlight = FALSE)


()
Moving from descriptive TSI statistics,
to modeling [Chl-a] based on [TN], [TP], etc.

Draft Aggregations of Level III Ecoregions
. _ for the National Nutrient Strategy
= !‘Hh S
LA
- 1!;3'--3_:‘..

From:
Lamon III, E. Conrad and Song
S. Qian, 2008. Regional Scale

Stressor-Response Models in
Aquatic Ecosystems.

Journal of the American Water
Resources Association

(JAWRA) 44(3):771-781.

B | Willametie and Contral Valleys
Il. Wesiern Forested Mountains
I Xerie West
IV, Great Plains Grass and Shrublands
V. South Centrnl Cultivated Great Plains
Vi, Corn Belt andMNorthern Great Plains s . . .

ol pwly Gloeinted Dainy Rogion 11 - Separate regression coefficients for inference
. Nuirient Poor Lorgely GLaciated Upper Midwest and MNotrbeasi

IX. Southeasiern Tempernte Foresied Plains and Hills

X 'J'e'x.us-f.uur':;r'm!n Coastal and Mississippi Alluvial Flains regardlng Slmllarltles and dlfferences between
T e e e B>t Uplnnds each of 14 ecoregions, and between the two

XL Southern Florida Constal Plain :

Vi .I:..ll-\.'lla'\-l'l'l I".llltl.lljrll":.llm r ' Water-bOdy tYpeS7 lakeS/pondS and reserVOIrS°
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Markov Chain MonteCarlo simulation using winBugs



The Bayesian Analysis Using Gibbs Sampler (BUGS) project

distributes and supports flexible software for the  Bayesian analysis of complex statistical models using MCMC methods (http://www.mrc-bsu.cam.ac.uk/bugs/

welcome.shtml), and winBUGS is for use on PC platforms.


@Eing Lamon and Qian (2008) regressions for 14 nutrient ecoregions
& observed TN & TP from NLS to predict log (Chl-a)

Nation Nutrient Strategy: Nutrient Region 8 = the nutrient poor, glaciated upper Midwest and Northeast

Predicted distribution log (Chl-a) = X b e s [ 4
compared to observed log(Chl-a) = x , , , , , .

0.0

0.2 0.4 0.6 0.8
Prob >= 50 % Lake (Chl-a >= 40 Ug/L) NLS predicted vs observed log(Chl-a) Pr (X <x)

1.0

Numbers 1 thru 14 = National Nutrient Strategy “aggregated level III ecoregions”

Lamon and Qian 2008 3 s (U] I T :
equations (unadjusted), '

using NLS [TN], [TP] Al WK E: .- 4%
to predict locations ; S ' ‘,15

with prob > 50% that

Chl-a >= 40 ug/l. o 2 ,,=' -
2
5 = South Central Cultivated Great Plains 'W. /

6 = Corn Belt & Northern Great Plains = | .
7 = Mostly Glaciated Dairy Region 1"

43

40
!
e

lat

Personal Communication: E. Conrad Lamon III, Statistical Ecology Associates LLC Canyon Lake, TX

Phone: 830-964-3155. Uses open source R, and WinBugs
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Lamon III, E. Conrad and Song S. Qian, 2008. Regional Scale Stressor-Response Models in Aquatic Ecosystems.

Journal of the American Water Resources Association (JAWRA) 44(3):771-781. DOI: 10.1111 ⁄ j.1752-1688.

2008.00205.x.





ABSTRACT: A systematic method for identification and estimation of regional scale stressor-response models in

aquatic ecosystems will be useful in monitoring and assessment of aquatic resources, determination of regional

nutrient criteria and for increased understanding of the differences between regions. The model response variable

is chlorophyll a, a measure of algal density, while the stressors include nutrient concentrations from the

USEPA Nutrient Criteria Database (NCD) for lakes ⁄ ponds and reservoirs of the continental United States. The

NCD has observations for both stressors and biological responses determined using methods that are not consistently

available at the continental scale. To link multiple environmental stressors to biological responses and

quantify uncertainty in model predictions, we take a multilevel modeling approach to the estimation of a linear

model for prediction of log Chlorophyll a using predictors log TP and log TN. The multilevel modeling approach

allows us to adjust the impact of covariates at all levels (observation, higher level groups) for the simultaneous

operation of contextual and individual variability in the outcome. Here, we wish to allow separate regression

coefficients for inference regarding similarities and differences between each of 14 ecoregions, and between the

two water-body types, lakes ⁄ ponds and reservoirs. We are also interested in the nuisance effects of the categorical

variables indicating the type of nitrogen measurements (three levels) and the type of chlorophyll a measurements

(four levels) used. Model-based determination of nutrient criteria points to an apparent incompatibility of

criteria developed for nutrient stressors and eutrophication responses using current Environmental Protection

Agency’s guidance.

(KEY TERMS: Bayesian analysis; chlorophyll a; Markov Chain Monte Carlo; multilevel models; nutrient ecoregions;

nutrient criteria.)

http://en.wikipedia.org/wiki/WinBugs

Another example: Chlorophyll-a standards for Finnish Lakes

(X)I Excellent =4 ug/l, Good = 10 ug/l, Satisfactory = 20 ug/l, Poor= 50 ug/I.

Prob (growing season average Chl-a ug/l will be > X) < 10 %

Used a Bayesian TREED Regression (Chipman et al 2002)* to partition the

data based on: geographic, morphometric, and chemical properties of lakes.
Model 1: * Open source algorithm: Chipman et al 2002. Mach. Learn. 48, 299-320

Shallow Lakes < 2.6 m™

n=16 2.6 M < MediumLakes < 16.3m
1500 — . Deep Lakes > 163 m
, 500 n=240 Y
1500 — “-«w
3, 1000 — Poorssy __ I
= = 1000 | 8 '
=z o o >, . a
Z 3 R = 1000 —|
500 — Satr'sfactory:go E % R ¢ o % g} "N Good=10 —
':-’*. e a i 2 '
CEp‘fem:__I Good=10 — 500 — &:’E:Ei: '-.::- 3 i %"\\% [
‘ Fart o 500 — 3
0 _:‘__51' \\ \ % Excellent=4 —
I I | I 1 | :
20 40 60 80 100 0 | | | | | ! | 1=
0 —]
o TP, ug/L 0 20 40 60 80 100 I | | | | | I
[n Chla =0.074 +0.646 InTN+ 0418 In TI ~_—~_ TP, ng/L i & = " o i = he
In Chla = -0.002 +0.128 InTN + 0.651 In TP - ua

—
In Chla=-0.129 +0.646 InTN + 0.027 In TP

E.C. Lamon III et al. / Environmental Modeling & Software 23 (2008) 938-947
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Finnish lakes results might be useful in analysis of U.S. lakes.

TP, TN & Chl-a in National Lake Survey (NLS). All Lakes

RESEARCH & DEVELOPMENT

Fox
& . .
8. %@
i.".:‘D.-o ;aaﬂ
R 1
o
30000 450 450 -
400 400
o ' 350 ! 350 T
+ 3
20000 wo | * Poor ? 300 1 N
0 =l + ++ + + 4+ +
E*wnnn Tt S0 ++ gm- 4 H‘*L
E + + Eznn_;}} + EEDD' fﬂ:+_r
10000 EECLE A Chl-a > 50 Ug/l 150 1 ::Fr
JJ# 100 y ot 100 {#H
5000 Vot + o B 50 ; —
i 3:‘; . . . +. . i} .;:'ﬁ** .+ Al : —r . i . ?“- c =T T T T \
1000 2000 3000 4000 5000 GOOO i} 1000 2000 3000 4000 5000 GOOO j000 10000 15000 20000 25000 30000
TP uglL TP uglL THug/L
What are the spatial patterns in three depth categories ?
Shallow < 2.3 m < Medium < 16.3 m < Deep
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Looks good.  I am not sure how much I would emphasize a spatial

pattern in classes of Finnish lakes applied to US lakes, if there is

one.  Superposing the class on us lakes may show a pattern by chance,

but I feel confident there is a better classification system available

for the continental scale US.  Depth being important at the scale of

Finland make sense, but at the scale of the US, hydrologic and

climatic factors likely become important also.  This is a reason to

use a hierarchical approach to estimate the separate effects of

contextual variables on the predictors (stressors) of interest.



The BTREED approach is a good (free software!) way to sort through the

myriad of potentially important contextual variables to use in a full

Bayesian Hiearchical model, using more free software.  We did this

with the NCD for the EPA STAR grant, and for Michigan lakes in Chapter

5 of Real World Ecology.



Let me know if there  is anything else before you go, or while you are

there, for that matter. Have a good meeting.



cheers

c

E. Conrad Lamon III, Ph.D.

Manager and President

Statistical Ecology Associates LLC

578 Pecan St.

Canyon Lake, TX 78133

Phone: 830-964-3155

Cell: 225-223-0910

eclamon@gmail.com


Spatial patterns: TP, TN, & Chl-a for three lake depth categories
Shallow (Est Mean Depth) <2.6m Chl-a 1 0- 400 Oug/1
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For different lake types, how to quantify & value benefits trade-offs?
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TN, pg/L

How do changes in land-use relate to [TN], [TP] and
[Chl-a]. What are human welfare benefits trade-offs?

=> Changes in land-use related to [TN], & [TP] and [Chl-a] and benefits trade-offs
=> Shifts in diatom assemblages (top and bottom of cores) could document AS.

Shallow Lakes < 2.6 M

2.6 M < MediumLakes < 16.3m
1500 —
1500 — _ Deep Lakes > 16.3 M
1000 —
S % = 1000
500 — o 2 "=~ Good=10
2 Z
l—
T | I T T T S
- Excellent=4 —
0O 20 40 60 80 100 b= ,
T T | | | I T
TP, uglt 0 20 40 60 80 100 . 1-

TP, ng/L | | | | I I I
0 20 40 60 80 100

TP, ng/L
Yuan L. 2007. Maximum Likelihood Method for Predicting Environmental Conditlions from

Assemblage Composition: The R Package bio.infer Journal of Statistical Software, vol. 22, issue i03
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http://econpapers.repec.org/article/jssjstsof/22_3Ai03.htm

This can get complicated. Good to plan for reproducibility.

For effective technology transfer of computational methods,
need for to plan for access to: results, data and script.

Most scientific research is based on:
1. data
2. data analysis
3. interpretation, leading publication (aka advertisement)

To make more rapid research progress, we should be able to:
4. access the data used in publications
5. access computation script to replicate the data analyses
6. be able to re-compute statistics and graphics

Then we can adapt and refine the analyses.
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Reproducible Research
Human Health & Environmental Applications

Talk Outline

« NEAEB Mtg / Computational Workshop (rRRr analyses)
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NEAEB Mtg Computational Session

Conditional probability and change point analysis.
Data visualization and analysis with Excel Viewer, GIS Servers, and EDAS2

01:00 - 03:00 Session 5B (Salon B)

COMPUTATIONAL SESSION |
Conditional probability analysis and change-point analysis: Background and
Introduction. John Paul USEPA RTP NC
Use of Conditional Probability in development of Nutrient Criteria in VT Lakes.
01:30-02:00 | Neil Kamman United States Environmental Protection Agency, Office of
Water

Setting Sediment Benchmarks Using Multiple Analytical Methods. Ben

01:00 - 01:30

02:00 - 02:30 Jessup TetraTech
02:30 - 03-00 Finding the Story in the Data: Using Excel to Visualize and Analyze Lake and
) ] Estuarine Monitoring Data. John Kiddon USEPA, AED
03:00 - 03:30 i
03:30 - 05:00 Session 6B (Salon B)
COMPUTATIONAL SESSION Il
03:30 - 04-00 Using CProb in R and Excel to conduct conditional probability analysis.

Jeffrey W. Hollister USEPA, AED

04:00-04:30 | GIS servers for visualization & computation. Jane Copeland SRA

04:30 - 05:00 | EDAS2, Environmental Data Analysis System. Jeffrey S. White TetraTech
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* Bryan Milstead’s preliminary thinking relating conditions in New
England lakes, to ecosystem services & benefits

« EPA OW, and States participating in the National Lakes Survey (NLS)

« John Kiddon,EPA Atlantic Ecology Division (Quick Excel views)
Calculations with NLS data demoed in NEAEB session this afternoon

 E. Conrad Lamon lll, for some preliminary follow-on analyses related
to “Regional Scale Stressor-Response Models in Agquatic Ecosystems”
Lamon and Qian (2008) JAWRA 44(3):771-781 using draft NLS data.
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New England Association of Environmental Biologists
Water's Edge Resort & Spa. March 18-20 2009. Westbrook, CT

Hal Walker walker.henry@epa.qov

U.S. EPA - ORD.
NHEERL Atlantic Ecology Division
Narragansett, Rhode Island
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