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Global climate changeGlobal climate change
•• Greenhouse gasesGreenhouse gases

–– COCO22 has increased globally has increased globally 
by 100 by 100 ppmppm (36%) over the (36%) over the 
last 250 yearslast 250 years

–– Fastest rate from 1995 Fastest rate from 1995 ––
20052005

•• TemperatureTemperature
–– Global mean surface Global mean surface 

temperature has risen temperature has risen 
0.740.74°°C over the last 100 C over the last 100 
yearsyears

–– 1998 and 2005 warmest years 1998 and 2005 warmest years 
on recordon record



Potential impacts on aquatic biotaPotential impacts on aquatic biota
•• Rates of many chemical & biological processes Rates of many chemical & biological processes --

function of temperaturefunction of temperature
•• Reductions in biodiversity; loss of some cold and Reductions in biodiversity; loss of some cold and 

cool water speciescool water species
•• Lethal thermal limit may be exceeded for other Lethal thermal limit may be exceeded for other 

aquatic species aquatic species –– extreme droughts and heat extreme droughts and heat 
waves waves 

•• Range expansions/new invasions of invasive Range expansions/new invasions of invasive 
speciesspecies



Stream/air temperature studiesStream/air temperature studies
•• MidwestMidwest

–– Pilgrim et al. 1998Pilgrim et al. 1998
–– MohseniMohseni and Stefan 1999and Stefan 1999

•• WestWest
–– Neumann et al. 2003Neumann et al. 2003

•• NationwideNationwide
–– Easton and Easton and SchellerScheller 19961996
–– MohseniMohseni et al. 2003et al. 2003
–– BoganBogan et al. 2003et al. 2003



Primary questionPrimary question
How will a projected increase in air temperature How will a projected increase in air temperature 

impact stream water temperatures in impact stream water temperatures in 
Maryland?Maryland?

ObjectivesObjectives
•• Examine the relationship between air and Examine the relationship between air and 

water temperatures in unimpaired Maryland water temperatures in unimpaired Maryland 
watershedswatersheds

•• Determine how stream water temperatures Determine how stream water temperatures 
can be explained by air temperaturescan be explained by air temperatures



Temperature relationshipsTemperature relationships
•• Physiographic regionPhysiographic region

Highland, Eastern Piedmont, Coastal PlainHighland, Eastern Piedmont, Coastal Plain

•• Stream orderStream order
11stst, 2, 2ndnd, 3, 3rdrd

•• Drainage areaDrainage area
<1000 acres, 1000<1000 acres, 1000--5000 acres, 50005000 acres, 5000--10000 10000 
acres, >10,000 acresacres, >10,000 acres



Temperature dataTemperature data
•• Collected from 29 Collected from 29 

MBSS sites (20 MBSS sites (20 
Sentinel Sites)Sentinel Sites)

•• Unimpaired watershedsUnimpaired watersheds
% Development% Development

Mean Mean -- 3.1%3.1%
% Impervious surface% Impervious surface

Mean Mean –– 0.2%0.2%

STCLSTCL--051051--SS

UMONUMON--288288--SS



Temperature dataTemperature data

•• Temp logger data Temp logger data 
from Junefrom June--AugustAugust

•• Average 3 day Average 3 day 
temperaturetemperature

•• Years (2005Years (2005--2007)2007)
•• Water and air temp Water and air temp 

logger placed at each logger placed at each 
sitesite

Water logger

Air logger



Temperature sample sitesTemperature sample sites



Physiographic regionPhysiographic region
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Physiographic regionPhysiographic region
Coastal Coastal –– 15 pairs of data15 pairs of data
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y = 0.6995x + 5.254

R² = 0.7108



Physiographic regionPhysiographic region
Piedmont Piedmont –– 10 pairs of data10 pairs of data

y = 0.687x + 4.661
R2 = 0.7236
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Physiographic regionPhysiographic region
Highland Highland –– 12 pairs of data12 pairs of data

y = 0.7224x + 3.4634
R2 = 0.8184
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Physiographic region resultsPhysiographic region results

0.7110.7110.6990.69915.2 15.2 -- 25.725.7CoastalCoastal

0.7230.7230.6870.68713.6 13.6 -- 25.825.8PiedmontPiedmont

0.8180.8180.7220.72210.1 10.1 -- 24.1 24.1 HighlandHighland

RR--squaresquareSlopeSlopeWater temp Water temp 
range (range (°°C)C)

RegionRegion

ANCOVA ANCOVA -- No difference based on physiographic No difference based on physiographic 
regionregion



Stream order resultsStream order results

55
1414
1818

Logger Logger 
pairspairs

0.8740.8740.9080.9083rd3rd
0.7770.7770.7560.7562nd2nd
0.8020.8020.7810.7811st1st

RR--squaresquareSlopeSlopeStream Stream 
orderorder



Drainage area resultsDrainage area results

0.9460.9460.9310.931335,000 5,000 -- 10,00010,000

0.8640.8640.7910.79155>10,000>10,000

1111

1818

Logger Logger 
pairspairs

0.7720.7720.7850.7851,000 1,000 -- 5,0005,000

0.7850.7850.7520.752<1,000<1,000

RR--squaresquareSlopeSlopeDrainage area Drainage area 
(acre)(acre)



General resultsGeneral results
•• Linear relationship between air and water Linear relationship between air and water 

temperaturestemperatures
•• Air/water temperature rate is 0.7Air/water temperature rate is 0.7--0.80.8°°C in C in 

unimpactedunimpacted watershedswatersheds
•• No difference in air/water temperature No difference in air/water temperature 

relationship based on physiographic regionrelationship based on physiographic region
•• Potential increase in air/water temperature rate Potential increase in air/water temperature rate 

with increased stream sizewith increased stream size



Current workCurrent work
•• Air and water temperature Air and water temperature 

loggers deployed at all loggers deployed at all 
2008 MBSS sites2008 MBSS sites
–– Sentinel sites (1 year)Sentinel sites (1 year)
–– MBSS (6 months)MBSS (6 months)

•• Examine air/water Examine air/water 
temperature relationship temperature relationship 
across range of across range of 
watershed landscape watershed landscape 
conditionsconditions
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