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Cooperative Institute for Limnology
and Ecosystems Research

Asian Carp Studies at GLERL V “GLERL ™~ (ﬁ{ﬁ,

Understanding the Impacts of an Invasive Species T

Forecasting the effects of silver and bighead carp on food webs

A collaborative team of NOAA Great Lakes Environmental Research Laboratory (GLERL)
scientists and their partners developed a model to identify potential effects of Asian carp on
the food webs in Lake Erie and other Great Lakes. Food webs are the feeding interactions of
aquatic life. Prior efforts to predict Asian carp effects on the Great Lakes focused on potential
suitability of Great Lakes habitats for Asian carp spawning, establishment or growth, but had
not investigated Asian carp effects on food webs and fisheries. This information is critical to
assess potential control measures and management options. The models used by GLERL and
CILER (Cooperative Institute for Limnology and Ecosystems Research) researchers simulate
Asian carp population dynamics (growth and shrinkage over time, as controlled by birth,
death and migration), ecosystem impacts, and food webs, and can help inform state and
federal agencies working together to control the spread of Asian carp.
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e Statistical modeling and water quality
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Probabilistic modeling: MPN vs. CFU
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Water quality

Probabilistic modeling: MPN vs. CFU
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Probabilistic modeling: MPN vs. CFU
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Probabilistic modeling: MPN vs. CFU
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Probabilistic modeling: MPN vs. CFU
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Water quality

Probabilistic modeling: MPN vs. CFU
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Probabilistic modeling: MPN vs. CFU
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Water quality

Probabilistic modeling: MPN vs. CFU
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Probabilistic modeling: MPN vs. CFU

* 95% prediction set
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Bayesian inference: improving management decisions
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Bayesian inference: challenges
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Water levels

Water quantity

e Hydrologic cycle of the Great Lakes
@ Water levels
@ Water balance components
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Great Lakes, December 1999
Credit: MASA




Water quantity

U.S. Great Lakes Coastline Comparison

PACIFIC = 1300 Miles of
Lake Coastline
Lake Superior 1250
Lake Michigan 1640

Lake Huron 840
Lake Erie 470
Lake Ontario 330 ATLANTIC = 2170

TOTAL 4530
1630
"~ o \
Y
"/ GLERL
4
s00? “All numbers rounded to the nearest 10 miles.
ALASKA/HAWAII = 6330 Source: The Coastline of the United States. U.S. Dept.
of Commerce, NOAA, NOAA/PA 71046 (Rev. 1975).

MICHIGAN

From: Gronewold, Fortin, Lofgren, Clites, Stow, and Quinn (2013). Climatic Change.
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Water quantity

Water levels

Name Country Surface area Volume
(km?) (mi2)  (km3)  (mi°)
Michigan—Huron U.S. and Canada 117,702 45,445 8,458 2,029
Superior U.S. and Canada 82,414 31,820 12,100 2,900
Victoria Multiple 69,485 26,828 2,750 660
Tanganyika Multiple 32,893 12,700 18,900 4,500
Baikal Russia 31,500 12,200 23,600 5,700
Great Bear Lake Canada 31,080 12,000 2,236 536
Malawi Multiple 30,044 11,600 8,400 2,000
Great Slave Lake  Canada 28,930 11,170 2,090 500
Erie U.S. and Canada 25,719 9,930 489 117
Winnipeg Canada 23,553 9,094 283 68
Ontario U.S. and Canada 19,477 7,520 1,639 393

Table: Water volume and surface area of Earth’s largest (ranked by surface area) fresh surface waters.

From: Gronewold, Fortin, Lofgren, Clites, Stow, and Quinn (2013). Climatic Change.
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U.S. and Canadian
Great Lakes Water Level Stations

. Marys River

St Lawrence River

B NOAA

B Canadian Dept.
Fisheries and

Oceans

D Lake-wide Niagara River
average network St. Clair River
{Coordinating Committee) Lake St. Clai

Master gauge

From: NOAA National Ocean Service (CO-OPs) and NOAA-GLERL.
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FiG. 2. Month-to-month changes in Lake Erie monthly average water
levels. Vertical bars in each panel (one panel for each month) rep-
resent the water-level change (m) from the month indicated at the
bottom of the panel to the following month for each year from 1860 to
2012. The left-most panel, for example, includes water-level changes
from Oct to Nov. Blue vertical bars indicate an increase in monthly
water level; red vertical bars indicate a decrease in monthly water
level. The black line within each panel indicates the long-term trend.
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EDITORIAL

On the Need for Uncertainty Assessment in TMDL Modeling
and Implementation

K. H. Reckhow

Duke Universityz UNC Water Resources Research [nstinse.

Will TMDL decisions be improved with knowledge of the uncer-
faanty i ouicomes From proposed pollutant load reductins”? That
is, will our dec ns generally be better if we have some idep of
the range of possible outcomes that might resul? 1 believe thar
the answer i yess and yel current practice in water guality assess-
ment arwl management suggests that others may believe that de-
cision making may be undermined with full disclosure of wncer-
ladnlies, or perhaps believe that uncenainty is small enough that it
can be safely ignored

Dwespite these reservations, it is noteworthy that the LS. EPA
also believes the amswer 5 “yes.” although ther reasonmg 15
unclear, EPA’s perspective is implicit in their techmical reguire-
ment for an uncertainty-based “margin of safery”™ (MOS) inoa
TMDL application; however, abient fromn EPA guidance 5 an
explamation as 0 why decisions improve with an uncertninty
analysis,

Dwzspite the requirement for an uncenainty-based MOS esi-
miate, few TR wcconmgrmicd by actual estimages of Fores
i ungerainy. Instead, TMIILs are typically proposed with ci-
conservative™ modeling  assumptic of an arbaranly
chosen MOXS, Neither approach explicnl

links the MOS 1o
TMIL forecast uncertainty, However, by hedging the TMDL de-
clabom in the direction of environmental protection, the MOS ef-
lectively increases the assurance that water gquality stamdands will
be achieved, This may seem repsonuble and even desiroble, bt it
must be noted that this hedging comes at a cost, and the basis for
the hedging cost s woally arbilrry 1o mos!) Gases.

The Natienal Research Council Committes o Assess the Sci-
entific Basis of the Total Maxinum Daily Load Approsch
Water Pollunion Eeduenon las recogmized the arbilrary way in
which the margin of safety hos been applied. Specitically, their
Executive Summary comains the following  recommendarion
IMRC 20001 )

The TMDL program curremtly accounts for the uncemainty

embedded in the modeling exercise by opplying a Margin

of Safery (MOSE EPA should end the practice of arbitrary
selection of the MOS and imstead reguire uncertaindy analy-
sis as the basis for MOS determination

However, acknowledging and computing model predicrion un-
cerainty 15 nol without challenges. as [ leamed several vears ago.
While in gracluate schisd, T became mvolved inoa propesed con-
sulting venture in New Hompshire focusing on 208 pl g Asa
yourng scientist, 1 was enger to apply my new scientific knowl-
edge, so 1 suggested o my consulting colleagues that we add
uncertanily analysis o owr proposed 208 study. Everyone agreed:
ihus we proposed that uncertaingy analysis be a key component of
the water quality modeling task for the 208 planning process.
Well. after we mede our presentation o ihe client, the client's first
question was, “The previous consiliams didn't have any wncer-

tainty in their modeling study, what's wrong with your masdel?™
This experience made me realize that I kad much to leam abour
the role of science in decision making and about effective presen-
latacms!

Whale thes story may give the impression that 'm being <ril-
cal of the cliend for ot recognizing the ubiguitous uncertaingy in
ronmental forecasts, in fact T believe the Fault 1o lie primarily
with the scientists and engineers whao Fil 10 fully inform cliems
of the uncertningy in their pssessments. Pamtially in their defense,
water quality modelers may fail o see why decision makers are
better off knowing the forecast uncertainty, and perhaps modelers
may nol wanl 1o be foroed 10 answer the embarrassing question
like the one posed 1o me years ago in New Hampslare.

For this situstion 1o change, that 1, for sionn makers o
alemiund estimiates of forecast error, decision makers frst need (1)
ot pthai is, ihey musi become a
magnitude of forecast emor in many water quality assessments,
and (20 guidance—ideally, they need relatively simple heuristics
that will allow them o use this knowledge of forecast ermor 1o
imiprove decision making in the long run. Once this happens, and
decision makers ll tleal water quality Torecasts be ace
mied with ermor ates, water guality modebers can support this
need through distinct short-berm amd lomg-tenm sinegies.
Short-term approaches are necessary since most existing wiker
quality midels are not supportive of complete ermor analysis; thus
procedures are nesded o immediately {1} conduct an informative,
bur incomplete enmor analysis, and (2) wse that incomplers emor
amalysis o improve decision making. In the long temm, pecom-
mendations can be made w (1) resruciore the models so thar a
relatively complete emor amalysis 5 feasible, amd (2 em
Bavesiam approaches that are compatible with slaptive assess-
ment techmigques that provile the best approsch for improving
Farecasts over time,

In the short term, if knowledge, data, or model structure pre-
vents uncertainty analysis from being complete, is there any valse
in comducting an incomplere uncertainty analy Seaved anotler
way, 15 it reasonable that decision making will be improved with
even partial mlvmmation on uncerainbies, mocompansoen & cur
rent praciece with no reporting of predictien uncerainties? Often,
but not always, the answer is “ves,” although the asefulness of
imcomplete uncentningy chamcterizagion, like the analvsis itself, is
limitesd

Using decision analysis as o prescriptive model. we know thar
uncenainty analysis can improve decision making when predic-
tHon uncertainty is imegrated with the uriliny (or loss, damage, ne
Beneliis) Punctaon W allow decision makers 10 m;
ulility {or maximize net benelils)l. When wncerainty analy
imcompbete (ang perhaps more likely, the wtility function is poorly
charcterized) the comcepts of decision analysis may siill provide
a useful guide

For exnmple, mriangular distributions could be assessed for all
uncenain madel terms. assuming that correlation is megligible,
amd then limited syaematic sampling (e.g., Latin hypercube)

e of the substantinl
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