Chloride impairment of the Merrimack River through 2100:
the interactive roles of climate, development, and management
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Aqguatic impairment increases in lock step
with development and impervious cover
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Chloride also increases with

development and impervious cover

* [ncreasing concentrations and impairment
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The Road to a Low Salt diet:
How resilient is the Merrimack?

* Chloride sources and loading
— Infer from stream chloride data

* Chloride impairment ([Cl] above target)
— Spatial extent of impairment
— Interannual variability driven by climate

* Projecting future impairment

— Warming winters ultimately decrease loading
— But, increasing development may offset
— And, long history from groundwater storage



Coupled hydrologic and chloride loading



Coupled hydrologic and chloride loading
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Coupled hydrologic and chloride loading
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River Network
 HydroSheds (45” =1.5 km)

‘Model Drivers
o MERRA (NASA) + GHCN (NWS)
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FrAMES-NACL recreates the probability distributions
of daily runoff and specific conductance
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Road salt application similar to inventories and
above recommendations
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* Values are probably twice recommendations



Road salt application similar to inventories and
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Road salt application similar to inventories and
above recommendations
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* |ncludes historic road salt usage
* Godwin 2003 indicative: >4 times recommended
* Long memory of loading. Is the memory long enough?

* Potential management improvements



Impairment:

Defined as number days: 1998
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Outlet summer mean
varies between 180 and 300 [uS cm™1]
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Sensitivity of climate on impairment depends on
stream size

Considerable interannual
variability

Impaired Length-Duration
— Headwaters
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Outlet Concentration
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What does the future hold?

e Surprisingly little work
 Sweden will lose snow, but a mixed bag
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* |[n our region, we should expect less snow too
Arvidsson et al., 2012



Less snow, less salt, less impairment ...
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* Modeled a suite of scenarios (96)

* |nvestigated Land-Cover, Road Salt, and Climate

* Considered key model uncertainties



Less snow, less salt, less impairment ...,

Impaired River Length-Duration in 2100 rlght?
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* Especially under low-emissions scenarios
 Continued development

 Continued accumulation in groundwater



Less snow, less salt, less impairment ...,
Impaired River Length-Duration in 2100 rlght?
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Less snow, less salt, less impairment ...,
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Extent of impairment in 2100
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Leverage points for management, and
definite causes for concern

e Stream chloride shows greater than
recommended road salt loading

* Chloride impairment up to 23% of watersheds
— Dry summers bigger driver downstream
— Climate variability expected to increase

* Projecting future impairment

— Warming will not improve impairment (Temperature)

— Maintaining current practice (road salt and build out)
Greatly increases impairment from present



Leverage points for management, and
definite causes for concern

* Projecting future impairment

— Road salt management and build-out can
e Reduce chloride impairment in a warmer climate
* Maintain current impairment for greater population

* Leverage points
— Happening already
— Green SnowPro
— Coverage Indication Technology



Selecting the 600 uS cm™ Threshold
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