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The Indicator 
Design

• The indicator is an accounting translator to 
describe bay conditions; turning a lot of 1’s 
and 0’s in the stoplight plots into one 
number used to communicate an estimate 
of status for Bay water quality.

• The framework was adopted from the work 
underpinning the Chesapeake Bay Program 
community’s established approach for  
setting allocation targets in the TMDL; i.e., 
what nutrient and sediment loads are need 
to meet DO, water clarity and chla criteria 
for all the designated uses in all 92 
segments. 



CBP Circa 2009-12
WQ GIT

     L. Hernandez, WQGIT, 2012
https://www.chesapeakebay.net/files/documents/draft_cb_wq_indicator_wqgit_2012.11.05_final.pdf

Before the 2014 Watershed Agreement…
1983, 1987, 1992, 1997, 2000, 2009 EO target improving Bay health



Historically (2008, 09, 10…) there were only separate
reportings with progress on D.O., water clarity, chla  

WQ score = (#DO + #midchannel clarity + #chla + #toxics)/4

Health was not based on WQ stds attainment

2009

Before the WQ Stds Indicator…



     L. Hernandez, WQGIT, 2012
https://www.chesapeakebay.net/files/documents/draft_cb_wq_indicator_wqgit_2012.11.05_final.pdf



The original 
stoplight plot – 

how to turn 
1’s(pass) and 0’s 

(fails) into an 
indicator

Our Bay Modeling community was already doing it for nearly a decade by using 
“stoplight plots” to communicate to the CBP community test results of different levels 
of nutrient reduction scenarios to see what it takes to achieve bay water quality criteria



Stoplight demystified: Published reference to the stoplight plot 
concept and its application supporting the setting of the Bay  TMDL 

Appendix M. Chesapeake Bay TMDL. Dec 29, 2010. 

Appendix M. Chesapeake Bay Water Quality/Sediment Transport Model Management Scenario Criteria Attainment 
Assessment Results and 2008 303(d) List Assessment Results 

This appendix presents the Chesapeake Bay water quality criteria attainment assessment results of various 
Chesapeake Bay Water Quality and Sediment Transport Model (Bay Water Quality Model) management scenarios in 
the stoplight format used by the U.S. Environmental Protection Agency and its partner jurisdictions in developing the 
Chesapeake Bay TMDL. 

The stoplight spreadsheets summarize the percentage of space and time exceeding the four Bay jurisdictions’ water 
quality criteria for each of the 92 Chesapeake Bay segments. The spreadsheets are produced from an assessment of 
Bay Water Quality Model outputs and Bay water quality monitoring data as described in Sections 6.2.4 and 6.4.4. The 
spreadsheets were used to evaluate whether a management scenario met all applicable criteria across all designated 
use-segments. Green highlighted percentages represent attainment of the applicable water quality standards. Red 
highlighted percentages represent a violation or an exceedance of applicable water quality standards



Appendix O. 2010 TMDL documentation. 
Stoplight Plot example: Critical period evaluations of chlorophyll 
criteria attainment in the James River using the “stop light plot” 

communication tool.  

Notice: “1%” out of 
attainment is green, 
considered good 
enough for planning 
purposes.

That translates to an 
11% buffer instead of 
default 10%. 

(Our indicator does 
not do that.) 



Indicator: Segment-specific and then Bay-
wide roll up of percent attainment outputs
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The Indicator 
Design

• The stoplight plots were 
the communication tool 
of choice familiar to the 
community to express 
attainment and 
nonattainment of criteria 
in the segments and 
designated uses, derived 
from output of the 3D 
interpolator



The Indicator 
had to create 

rules to account 
for missing 

criteria  
assessments 
(mainly D.O.)

• The model is “all-knowing” because water quality is available 
in hourly time steps in all cells of the 50,000+ cell grid.  

• The estimated attainment indicator structure had to lean on 
the best available science for water quality relationship rules 
if there was no explicit measure available or approved 
protocol for its assessment, 

• e.g., if the open water 30-day mean criterion is met, we use an umbrella 
approach to say that the 7-day mean is also being met (USEPA 2004 
gives support to this concept as did USEPA 2017). 

• Note: the rules being used have always been intended to be temporary. 
As our community approves and adopts methods for previously 
unassessed criteria, those methods are meant to replace the missing-
data rules being used now to create outputs from the indicator.

• Eventually (for 2030 and beyond now), the indicator will equal the 
full assessment by replacing temporary rules with approved 
assessment outputs. That has always been the vision. 



Indicator accounting – 
Understanding how much of the bay is attaining was more important 

than numbers of segments to the community because segments differ in 
size over 4 orders of magnitude. 

Volumes from 
0.001 to >10 cubic kms



     L. Hernandez, WQGIT, 2012
https://www.chesapeakebay.net/files/documents/draft_cb_wq_indicator_wqgit_2012.11.05_final.pdf



     L. Hernandez, WQGIT, 2012
https://www.chesapeakebay.net/files/documents/draft_cb_wq_indicator_wqgit_2012.11.05_final.pdf



     L. Hernandez, WQGIT, 2012
https://www.chesapeakebay.net/files/documents/draft_cb_wq_indicator_wqgit_2012.11.05_final.pdf

Note: In practice, we found this unsatisfactory and wanted to 
apply the best available science indicating we could make

some conditional rules based on tech document published
relationships about criteria attainment at different temporal scales 



     L. Hernandez, WQGIT, 2012
https://www.chesapeakebay.net/files/documents/draft_cb_wq_indicator_wqgit_2012.11.05_final.pdf



     L. Hernandez, WQGIT, 2012
https://www.chesapeakebay.net/files/documents/draft_cb_wq_indicator_wqgit_2012.11.05_final.pdf

That
is 

USEPA
(2017)



2015: CAPWG, STAC and EPA Review underway

Multimetric indicator = “Old news” by 2015



2016 STAC Review – including the indicator. 
A sample of one of several presentations over 2 years.  



By 2016 CBP was 
using the yet-to-be-
fully published 
indicator for tracking 
and reporting status 
and change in 
estimated WQ Stds 
Attainment

We were already 
reporting on 
“Attainment deficit” 
and patterns and 
trends in attainment 
deficits to extend use 
of available data

WQGIT 2016
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And then, 2017, the fully vetted 
(CAP WG, WQGIT, STAC and EPA) 

and approved “Blue Bible” is 
published in support of the 

“Midpoint Assessment” 

Mid-point assessment =     (CBP 
evaluation between the 2010 

TMDL to 2025 target dates of the 
2014 Watershed Agreement)



2018 continued reporting to the CBP community and rolled out the first journal 
publications using the indicator to report on bay condition patterns, status, and 

trends, led by Qian Zhang supported by the CBPO monitoring team



The indicator and its extended products have been used for 
almost 15 years in the CBP to explain progress and relate 

stressors to patterns of change over time

Zhang et al. 2018
Indicator results show relationship with 

patterns of TN loads



The >2 decade journey from USEPA 2003 to 2009 EO to 2012 WQGIT presentation to 2017 Tech Report 
publication to 2018-25 journal publications and ongoing use as CBP annual indicator (1985-2025)

2012 2017

2020

2025 report



Method details are updated annually on 
Chesapeake Progress

26 pages of details regarding the method, its analysis and history. 
The information has been publicly available since Chesapeake 

Progress was established by the CBP about a decade ago.



Zhang, Q., R. Tian, Z. Wei, R.R. Murphy, K.S. Gootman, and P.J. Tango. (2025). A novel threshold-based indicator for assessing dissolved 

oxygen criteria attainment deficits, buffers, and trends in estuarine waters. Env. Res.: Water. April 2025 

Zhang, Q., R.R. Murphy, R. Tian, and P.J. Tango. 2025. Geography, trajectories, and controls of coastal water quality: more rapid improvement 

in the shallow zone of the Chesapeake Bay. Environ. Sci. Technol. 59:553-564. https://doi.org/10.1021/acs.est.4c07368 

 

Zhang, Q., R.R. Murphy, R. Tian, K.S. Gootman, and P.J. Tango. 2024. Dissolved oxygen criteria attainment in Chesapeake Bay: Where has it 

improved since 1985? Sci. Total Env. 957:177617 https://doi.org/10.1016/j.scitotenv.2024.177617   

Hernandez, A., P. Tango, R. Batiuk. 2020. Development of the Multi-metric Water quality indicator. Environmental Management and 

Assessment. 192:94-110. 

Zhang, Q., P. Tango, R.R. Murphy and others. 2018. Attainment Deficit: Three decades of Temporal and Spatial Patterns in Chesapeake Bay 

Dissolved Oxygen Criterion Nonattainment. Frontiers in Marine Science. 5:422. Published 21 November 2018. Doi: 10.3389/fmars.2018.00422.

Zhang, Q., R.R. Murphy, R. Tian, M. K. Forsyth, E. M. Trentacoste, J. Keisman, and P.J. Tango. 2018. Chesapeake Bay’s water quality condition 

has been recovering: Insights from a multi-metric indicator assessment of thirty years of tidal monitoring data. Science of the Total Environment. 

637-638 (2018) 1617-1625.

Published Bay condition assessment support derived from 
information created using the WQStds Indicator: Estimated 

Attainment, Attainment Deficit, Attainment Buffers. 

https://doi.org/10.1021/acs.est.4c07368
https://doi.org/10.1016/j.scitotenv.2024.177617


Extra slides
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