
 

 

     It is hard to imagine that the Muskegon River Watershed (MRW) could experience a more 
dramatic transformation than the massive harvesting of its forests between the 1850s and the 
turn of the 20th century. Yet Muskegon Watershed Research Partnership (MWRP) projections 
suggest that the next century will see a greater ecological upheaval  than the last. As described 
in earlier bulletins land management decisions we make today have significant effects on the 
future of the Muskegon River ecosystem. But, changes in land management are not the only 
kind of change the watershed is going to experience during coming decades. It is now seems 
clear that climate around the world and in Michigan is changing at an extraordinarily rapid pace. 
   
     How will climate change affect the ecology of the Muskegon River? Will it impact our key 
fisheries?  Will it alter the water quality in our rivers and lakes? Risk the investments of riparian 
owners? In this bulletin we report the first comprehensive evaluation of likely effects of climate 
change on a Michigan River ecosystem. The projected ecological and economic consequences 
of a shifting future climate are sobering. And they are consequential enough to make long-term 
planning for the Muskegon River watershed’s successful adaptation to climate change an im-
portant basin-wide priority.  

Michigan’s Weather is Changing 

Scenario Modeling Methods 

     Six years ago, representatives 
from 13 Muskegon watershed 
organizations and government 
agencies operating in the MRW 
met with MWRP scientists to dis-
cuss what management issues 
should be explored with the devel-
oping MWRP Muskegon River 
Ecological Modeling System 
(MREMS or Mega Model). To-
gether the group decided to evalu-
ate a number of future land man-
agement options ranging from 
reducing rates of urbanization to 
increasing rates forest expansion 
along river corridors. Ten different 
future landscape scenarios (for 
the period 2010-2100) and ten 
historical (1830-1970) landscapes 
have been evaluated using Mega 
Model estimates of hydrology, 
temperature, main stem hydrau-
lics, sediment transport, chemis-
try, and the condition of fish and 
aquatic insect populations for each 
of the landscapes generated.  As 
reported in previous bulletins, cli-
mate conditions were kept constant 
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FIGURE 1. Predicted changes in  N. American regional  

climate in average precipitation (percent change,upper 
panel   in green) and temperature (lower panels in red) 
used in our climate change analysis. DJF = December - 
February; JJA = June -August. 
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Scenario Modeling Methods (con’t) 

in these evaluations, so differences in ecological outcome would be due only to the landscape management option being 
tested. In contrast, here we examine the response of future landscape scenarios to a changing climate.  
     In this bulletin we are explicitly looking at the sensitivity of the Muskegon River ecosystem to the kind of climate change 
being predicted for the region by the International Panel on Climate Change (IPCC). The future climate change scenario 
we evaluated was based on the A1B climate modeling in the 4th IPCC Assessment for the end of this century (see 
http:IPCC.org for more information). This climate future is basically a “conservative”  model estimate based on a modest 
reduction of greenhouse gas emissions over the coming decades. The IPCC regional modeling provided predicted anoma-
lies by month for average daily temperature and total daily precipitation. These predictions were then used to “offset” our 
MWRP standard climate model values. The MWRP standard climate provides a higher spatial and temporal resolution than 
the IPCC model and allows us to retain the more realistic rain and temperature distributions we have used in our previous 
land management analyses. The resulting future climate was then used to drive the MWRP integrated modeling system. 
The new climate is both warmer and wetter than our current climate (See FIG. 1, page 1). Roughly speaking Michigan’s 
climate will be similar to present day Arkansas. And that will have dramatic effects on the landscape water-balance, and 
therefore on the flows and temperatures of the Muskegon River.  
     Landscape scenarios evaluated for sensitivity to climate change included: (1) The Business as Usual (BAU) Scenario 
where the future landscape reflects average rates of urban and forest growth observed from 1978 to 1998. In the BAU 
Scenario these land cover expansions occur at the expense of agriculture, and so farming in this version of the future de-
clines across the watershed; (2) The Farmland Preservation (FLP) Scenario, which develops a future landscape where 
there is a stronger bias in favor of retaining all current agricultural lands; and (3) The Reduced Urban Sprawl (RUS) sce-
nario which halves the region’s historic rate of urbanization, and allows forest re-growth to continue at a relatively high rate 
and at the expense of agricultural lands (for a more detailed descriptions of these and other MREMS Scenarios see Mus-
kegon Futures Bulletin Volume 3). 

Climate Change Impacts River Hydrology and Water Quality 

     Despite the fact that warmer temperatures lead to higher rates of 
evaporation and also higher transpiration losses from plants, MWRP 
modeling suggests the net effect of predicted climate change in the 
MRW will be a general increase in river flows. This is the result of the 
predicted warmer and wetter winters in the climate change scenario. 
The high permeability of most of the Muskegon basin promotes the 
rapid conversion of winter  rains and snowmelt into both runoff and 
groundwater recharge.  
     Our river models responded to climate change with increased flows 
during both the spring flood period and also during much of the drier 
summer and late fall.  Annual flood flows throughout the watershed in-
creased in magnitude on average from 20-42% relative to 1998. In the 
main stem of the lower river (below Croton Dam) average increases 
ranged from 17-33%. Differences in land use account for much of the 
spatial variability in the predicted response. The RUS Scenario gener-
ated about half the increase in flood size as did the BAU Scenario, 
which showed the greatest responsiveness to climate change of the 
three land management scenarios tested. 
     River water quality as reflected in total inorganic nitrogen concentra-
tions, total phosphorus concentrations, and conductivity was little af-
fected in the climate change scenarios. However, average annual loads 
of nitrogen and phosphorus increased by 10-20% in most river seg-
ments. Water temperatures, not surprisingly, were strongly affected 
throughout the river system by the climate change.  As a result, annual 
degree-day accrual increased by over 25% in the lower Muskegon River 
compared to 1985-2004. (See FIG. 2) And summer water temperatures 
throughout the watershed often exceeded lethal maxima for sensitive 
salmonids (e.g. FIG 3). 
     Overall, water quality was more responsive to changes in land use 
than to changes in climate. However, temperature was more sensitive to 
climate than to land use change. Modeled watershed hydrology, river 
hydraulics, suspended and bed loads, and channel stability were all 
quite sensitive to both land use and climate change.   
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FIGURE 2. Changes in Nutrient Loads, Flow, and 

July Temperature for each MREMS land use scenario. 

FIGURE 3. Example of modeled water temperature 

under current (2001) and future climate change scenar-
ios.  Red arrow denotes key lethal threshold for trout 
(Werhly et al. 2007). 



 

 

     MWRP Mega Model studies have already identified 
channel instability and erosion as a likely result of antici-
pated land use change (see Bulletin 3). The predicted mag-
nitude of those impacts (expressed in terms of initial costs 
to stabilize (FIG. 5a), were so large that it seemed to call 
for a new emphasis on riparian land acquisition and protec-
tion rather than bank stabilization. When predicted climate 
change was added on top of future land use change, the 
extent of channel erosion and instability  doubled and in 
some cases tripled (FIG. 5b). The  impact such a dramati-
cally large scale river channel de-stabilization would have 
on riparian owners, and our road and bridge infrastructures 
are hard to overstate. Recent record rainfalls (June 2008, 
FIG. 4) in Mason and Manistee counties provide some 
sense of what could become routine in coming decades 
across most the MRW. In Mason County alone the three 
day flood event washed out over 50 road crossings, and 
US-31 was severely damaged at several places. 
     Bank stabilization and armoring are not realistic strate-
gies (either economically or ecologically) in response to 
flow changes of this magnitude. River systems should be 
allowed to re-position themselves in the face of rising flows 
and changing hydrologic regimes. Natural rivers respond to 
increasing flood flows by combinations of channel migra-
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tion, changes in meander size/
frequency, the filling of some 
channel segments with sedi-
ment, and the erosion of new 
flow paths in others. The most 
realistic management ap-
proach is likely to be reducing 
collateral damage to property 
and infrastructure by proac-
tively setting aside riparian 
lands and allowing necessary 
geomorphic adjustment to occur. Culverts, bridges, cause-
ways, and other structures related to road systems will 
need to be re-sized both to handle the expected higher 
flows, and also to adjust for changes in approach, bed ele-
vations, and cross-sectional shapes. Careful planning stud-
ies in the near future could help determine where pre-
emptive design changes might avoid more costly after-the-
fact repair and replacement. This kind of planning ahead 
for climate change, both in terms of adaptation (e.g. re-
design of major bridges in anticipation of increased flows) 
and damage mitigation (e.g. promoting forest expansion) is 
will likely be important both to the regional ecosystem and 
the regional economy. 

Climate Change Will Greatly Affect Channel Stability and Erosion 
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FIGURE 5.  
MWRP com-
puter model 
simulations of 
miles of river 
channel at risk 
for substantial 
erosion and/or 
movement and 
estimated costs 
of attempted 
stabilization 
given alternate 
land manage-
ment scenarios 
and (a) current 
climate condi-
tions; (b) pro-
jected climate 
conditions fol-
lowing the IPCC 
A1B scenarios 
for year 2100. 
Percentages are 
percent of wa-
tershed channel 
miles at serious 
risk. Dollar 
amounts are 
estimated bank 
stabilization 
costs only. 

FIGURE 4. Stiles Rd. 

washout, June 16, 2008. 
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Climate Change Effects on Muskegon River Fisheries 
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     Impacts of climate change on Muskegon River fishes are expected to be dramatic because warmer air temperature will 
affect both surface water and ground water temperatures. MWRP modeling studies to date suggest hydrologic and water 
quality changes associated with future land use already threatens to reduce useable habitat for the iconic brook trout (FIG. 6).  
Warming weather, in concert with land use change, threatens to reduce the now widespread state fish from its current home 
in 56% of the Muskegon’s river miles, to as little as 12%; with populations likely restricted to a few key tributary streams with 
very high groundwater 
flows (e.g. Cedar and 
Mosquito Creek). Brook 
Trout may be the most 
climate-sensitive sport fish 
in the Muskegon, but the 
distribution and abun-
dance of most species will 
be affected in some way. 
MWRP modeling sug-
gests brook trout, coho 
salmon, and rainbow/
steelhead trout will sub-
stantially decline (FIG. 7, 
below). On the other 
hand, fish that prefer 
somewhat warmer water 
like northern pike and 
smallmouth bass are likely 
to benefit in terms of habi-
tat availability. Walleye 
and chinook salmon, both 
important species in the 
lower Muskegon River 
appear relatively insensi-
tive to the climate change 
scenario in model simula-
tions to date.  
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For more detailed information visit our website at www.mwrp.net/ 
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FIGURE 6. Modeled habitat distribution for brook trout under two land management (best = RUS, worst= 

FLP1) and two climate (current and future climate change) scenarios. 

The Bottom Line... 

     Though there are many ambiguities about the de-
tails of climate change forecasts for the Great Lakes 
region, there is little room to doubt that impacts on the 
this watershed’s ecology will be striking and perva-
sive.  As MWRP modeling studies illustrate, issues of 
land use, natural resource management and climate 
change are not separate concerns when it comes to 
protecting our ecological heritage. How we manage 
the land will influence the way regional climate change 
affects the fishery, water quality, and physical struc-
ture of the Muskegon River. Climate, in turn, will con-
strain the ways in which we can enjoy and use this 
watershed’s abundant natural resources. 
     Growing evidence suggests we are already experi-
encing the early phases of transition to a warmer and 
wetter climate. It is time to begin serious discussions, 
careful planning, and rational action, to prepare the 
Muskegon River watershed’s ecology and economy 
for  the future. 

FIGURE 7. 


