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Skill Assessment of Multiple Models in the Chesapeake Bay

Isaac (lke) Irby?, Marjorie Friedrichs!, Yang Feng', Raleigh Hood?, Jeremy Testaz, Carl Friedrichs’
Virginia Institute of Marine Science, The College of William and Mary, Gloucester Point VA, USA
2Center of Environmental Science, University of Maryland, Cambridge MD, USA INTEGRATE

ABSTRACT

The Environmental Protection Agency (EPA) has developed a set of Total Maximum Daily Load (TMDL) allotments of nutrients and sediments for the six states that make up the
WILLI AM Chesapeake Bay Watershed in order to elevate the health of the Bay, primarily in regards to dissolved oxygen concentrations. In developing the TMDLs, the EPA employed a
coupled watershed-estuarine numerical modeling system together with an extensive set of monitoring data. Utilization of a multiple model approach when evaluating the status
@f M ARY and recovery of the Bay system could enhance the overall confidence in model projections and better define model uncertainty. Open-source modeling systems such as the
Regional Ocean Modeling System (ROMS) offer a cost effective way of utilizing the knowledge base of a large group of people form multiple institutions to address ——~——~—== LUiversity of Maryland
VIRGINIA INSTITUTE OF MARINE SCIENCE management issues within a single system. This study compares the relative skill of a set of ROMS-based models to the EPA regulatory model in terms of the seasonal CENTER FOR ENVIRONMENTAL SCIENCE
variability of the Chesapeake Bay. Throughout the main stem of the Bay both model types achieve a similar model skill score in regards to dissolved oxygen (DO), the primary
iIndicator of Bay health by the EPA, but vary significantly in terms of their ability to reproduce chlorophyll and nitrate.

INTRODUCTION ANALYSIS RESULTS

Chesapeake Bay and its surrounding watershed play host to an N - CH3D-ICM ChesNENA ChesROMS- ROMS - RCA » The skill of all four models are similar to each other in
extensive suite of commercial and recreational fishing, T ot BN Model skill Sleie terms of temperature, salinity, stratification, and DO, but
agriculture, shipping, and tourism industries that have an L e same as skill Temperature ' 0.09 018 0.09 the models vary significantly in terms of their chlorophyll

. - . of mean of Surface . .
estimated value upwards of one trillion dollars and is home to observations Temperature _ 0.33 0.21 0.19 and nitrate (Fig. 3, Table 2).
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Overestimates
Observed Mean

more than 16 million people. Ensuring the health of the Bay has Bottom * All models consistently underestimate both the mean and
become a major priority for the six states that make up the SR, e IO i  Salinity Surface — U o standard deviation of maximum stratification, particularly
watershed and together they have committed to the oA, Sh e g RMSD Salinity Bottom 0.51 0.53 0.82 at the northern stations (Fig. 4A).

implementation of a set of Total Maximum Daily Loads (TMDLSs).
The goal of the TMDLs is to improve water quality throughout
the Bay by decreasing the levels of nutrients and sediment

Stratification 1.36 1.34 1.33 * Despite the models’ inability to resolve stratification, the
DO Surface 0.51 0.74 0.66 models reproduce the mean and variability of DO quite
DO Bottom 0.52 0.77 0.48 well. All models perform better at the southern stations

Underestimates
Observed Mean

derived from the watershed. The EPA measures Bay water = Chlorophyl 1.25 1.70 2.08 than the northernmost stations (Fig. 4B).

quality improvement primarily via increased dissolved oxygen T T e L Ehiorophyll _ o o8 e » Model skill for surface chlorophyll varies significantly

(DO) concentrations. TMDL levels were determined using the e Bottom between models, with the regulatory CH3D — ICM model

EPA’s coupled watershed-estuarine model, CH3D-ICM. A Maryland and Virgnia Underestimates Overestimates Nitrate Surface 0.61 1.49 0.43 performing best (Fig. 4C). ROMS — RCA is particularly

multiple model approach can be used to gauge uncertainty and Monitoring Stations M it Observed Std Dev  Observed Std Dev Nitrate Bottom 0.51 1.98 0.54 challenged at the southern stations.

elevate confidence in the regulatory model projections. Figure 1. Location of the 10 Figure 2. Target Diagram analysis: the total root mean Table 2. Total normalized RMSD computed for each model for » Model skill for surface nitrate varies significantly between

Chesapeake Bay Program square difference between the observations and the multiple variables using observations from cruises in 2004 at models, with two of the ROMS-based models performing

OBJ ECT'VE monitorin?hstat:ogs utilized in Thode:oresult?, norrlr\1|alizeo:_by dtt:)g stgndﬁrd devia;tihon of the 10 rr(;ailn sterl? sttr?titons 1:showg itr; Fi?#re t1h Shading ;rj[gicates as well or better than CH3D — ICM (Fig. 4D). ChesROMS

estuarine models of varying biological complexity to the (Joliiff et al., 2009, JMS, doi10.1016/j.jmarsys.2008.05.014).

biologically sophisticated EPA regulatory model in terms of ® CH3D - ICN @ Bottom Temperature — CONCLUS|ONS

reproducing the mean and seasonal variability of temperature, O Bottom Salinity A — Stratification B — Bottom DO » Overall, models with lower biological complexity and lower

salinity, stratification, dissolved oxygen, chlorophyll-a, and V' ChesNENA 83332“;6‘52220% 4 Oxygen CH3D - IcM 5 ChesNENA ° CH3D-ICM B ChesNENA  Bias resolution achieve similar skills scores as the EPA

nitrate. Bl ChesROMS - BGC O Surface Chlorophyl / / regulatory model in terms of seasonal variability along the
4 ROMS-RCA (O Surface Nitrate O /

A

main stem of the Chesapeake Bay.

NS

METHODS

« Simulations from the EPA regulatory model and three ROMS-
based models were analyzed (Table 1):
- CH3D - ICM: EPA
- ROMS - RCA: UMCES
- ChesNENA: VIMS
- ChesROMS - BGC: UMCES
* Model output was compared to Chesapeake Bay Program
monitoring data using a best time match system for roughly
17 cruises at 10 main stem station in 2004 (Fig. 1).

SD * Multiple variables exhibit latitudinal dependence of model
skill that is consistent throughout all four models, e.g.
b 39° N mean stratification is underestimated most and model skill
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ChesROMS - BGC ROMS - RCA ChesROMS - BGC ROMS -RCA | o for DO is lowest in the north.
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/ f  All four models do substantially better at resolving bottom
. - | DO than they do at resolving three variables that are
RMSD i ‘\ K
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Biological
Complexity

primary influences on DO: stratification, chlorophyll, and
nitrate. This follows because DO’s variability is sensitive
to temperature as a result of the solubility effect, and the
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models reproduce temperature very well.

o L
. . 38° N .
* Analyzed variables included surface and bottom temperature, * In terms of TMDL development, these findings offer a
linity, dissolv xygen, chlorophyll-a, and nitrat well reater confidence in CH3D - ICM predictions of
Sa : Y:“fj 59:[9 ed oxygen, chlorophyll-a, and ate, as we Figure 3. Normalized target diagram illustrating how well CH3D - ICM ChesNENA CH3D-ICM _ ChesNENA _ geasonal variabilitv since a model 5098 not
232 ElliEl] '(_:_a SO L the four models perform in terms of reproducing the N 0 : //-1 ) y ¢ i ¢
* Model ability to reproduce the mean and seasonal variability observed means and spatial and seasonal variability for ' \ (\ . R //\\ / /% hecessarily need to perform well in terms o
of each variable was evaluated via Target Diagrams (Fig. 2). six variables. < AR o C) | . ‘\\ y » \k J/o stratification, chlorophyll, or nitrate in order to
- CH3D-ICM ChesNENA ChesROMS-  ROMS - ¢ // kj o & resolve the mean and seasonal variation of DO.
BGC RCA 370 N
Nutrients . . . .
Simulated , Figure 4. Normalized target diagrams showing how well °
: : the models reproduce the observed mean and seasonal ChesROMS - BGC ROMS - RCA o ¢ _® FUTU RE WO RK |
e variability at 10 main stem stations for four variables: . Examine the skill of these multiple models in terms of
Component 4A — Stratification ChesROMS - BGC o ROMS - RCA interannual variability, with the goal of formulating a ROMS-
Algal Groups 4B — Bottom Dissolved Oxygen 1 N based model that performs as well as the EPA regulatory

4C — Surface Chlorophyl o model for both seasonal and interannual variability of DO
Horizontal 4D — Surface Nitrate. K/ x = @:\

o®
1 o
ution 25 - 1km?2 1 ' Unbiased ? s /<\\. . .
e Colors represent latitude. Stratification is defined as the A\\J/ e // k\ /j c\ y RSO and hypoxic volume
V‘*Gf::ga' : YT [ [y — maximum value of dS/dz in the water column of the model AC KN OWLE DG E M E NTS

compared to that of the observations. C — Surface Ch Iorophyll D — Surface Nitrate This work was funded by the NOAA NOS 100S as part of the Coastal Modeling Testbed

Table 1. Characteristics of the individual models. (NA13NOS0120139) and the NASA Interdisciplinary Science Program as part of the USECoS project
(NNX11AD47G). Special thanks to Aaron Bever and Ping Wang.
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