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The importance of 
Groundwater on stream 

temperature 

Or, it’s more complicated than we thought 



Concepts in SW-GW 

•  Are streams and groundwaters connected? 
•  Temperature in the subsurface                      

(a non-conservative tracer) 
•  Typical assumptions about groundwater 

temperature 
•  …are all false! 
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Streams and Groundwater 
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INTERACTION OF GROUND WATER 
AND STREAMS

Streams interact with ground water in all 
types of landscapes (see Box B). The interaction 
takes place in three basic ways: streams gain 
water from inflow of ground water through the 
streambed (gaining stream, Figure 8A), they lose 
water to ground water by outflow through the stre-
ambed (losing stream, Figure 9A), or they do both, 
gaining in some reaches and losing in other 
reaches. For ground water to discharge into a 
stream channel, the altitude of the water table in the 
vicinity of the stream must be higher than the alti-

tude of the stream-water surface. Conversely, for 
surface water to seep to ground water, the altitude 
of the water table in the vicinity of the stream must 
be lower than the altitude of the stream-water 
surface. Contours of water-table elevation indicate 
gaining streams by pointing in an upstream direc-
tion (Figure 8B), and they indicate losing streams 
by pointing in a downstream direction (Figure 9B) 
in the immediate vicinity of the stream.

Losing streams can be connected to the 
ground-water system by a continuous saturated 
zone (Figure 9A) or can be disconnected from 
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Figure 8.  Gaining streams receive water from the 
ground-water system (A). This can be determined from 
water-table contour maps because the contour lines 
point in the upstream direction where they cross the 
stream (B).

Figure 9.  Losing streams lose water to the ground-water 
system (A). This can be determined from water-table 
contour maps because the contour lines point in the 
downstream direction where they cross the stream (B).
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the ground-water system by an unsaturated zone. 
Where the stream is disconnected from the ground-
water system by an unsaturated zone, the water 
table may have a discernible mound below the 
stream (Figure 10) if the rate of recharge through 
the streambed and unsaturated zone is greater than 
the rate of lateral ground-water flow away from the 
water-table mound. An important feature of 
streams that are disconnected from ground water is 
that pumping of shallow ground water near the 
stream does not affect the flow of the stream near 
the pumped wells.

In some environments, streamflow gain or 
loss can persist; that is, a stream might always 
gain water from ground water, or it might always 
lose water to ground water. However, in other envi-

ronments, flow direction can vary a great 
deal along a stream; some reaches receive ground 
water, and other reaches lose water to ground 
water. Furthermore, flow direction can change 
in very short timeframes as a result of individual 
storms causing focused recharge near the stream-
bank, temporary flood peaks moving down the 
channel, or transpiration of ground water by 
streamside vegetation.

A type of interaction between ground water 
and streams that takes place in nearly all streams at 
one time or another is a rapid rise in stream stage 
that causes water to move from the stream into the 
streambanks. This process, termed bank storage 
(Figures 11 and 12B), usually is caused by storm 
precipitation, rapid snowmelt, or release of water 
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Figure 11.  If stream levels rise higher than adjacent 
ground-water levels, stream water moves into the 
streambanks as bank storage.
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Figure 10.  Disconnected streams are separated from 
the ground-water system by an unsaturated zone.

“Streams interact with ground water 
in three basic ways: streams gain 

water from inflow of ground water 
through the streambed (gaining stream), 

they lose water to ground water by outflow through 
the streambed (losing stream), or 

they do both, gaining in some reaches 
and losing in other reaches”

“Streams interact with ground water 
in three basic ways:  
• streams gain water from inflow of 
ground water through the streambed 
(gaining stream),  
• they lose water to ground water by 
outflow through the streambed 
(losing stream), or 
• they do both, gaining in some 
reaches and losing in other reaches”  
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from a reservoir upstream. As long as the rise in 
stage does not overtop the streambanks, most of the 
volume of stream water that enters the streambanks 
returns to the stream within a few days or weeks. 
The loss of stream water to bank storage and return 
of this water to the stream in a period of days or 
weeks tends to reduce flood peaks and later supple-
ment stream flows. If the rise in stream stage is 
sufficient to overtop the banks and flood large 
areas of the land surface, widespread recharge to 
the water table can take place throughout the 
flooded area (Figure 12C). In this case, the time it 
takes for the recharged floodwater to return to the 
stream by ground-water flow may be weeks, 
months, or years because the lengths of the ground-
water flow paths are much longer than those 
resulting from local bank storage. Depending on 
the frequency, magnitude, and intensity of storms 
and on the related magnitude of increases in stream 
stage, some streams and adjacent shallow aquifers 
may be in a continuous readjustment from interac-
tions related to bank storage and overbank 
flooding.

In addition to bank storage, other processes 
may affect the local exchange of water between 
streams and adjacent shallow aquifers. Changes 
in streamflow between gaining and losing condi-
tions can also be caused by pumping ground water 

near streams (see Box C). Pumping can intercept 
ground water that would otherwise have discharged 
to a gaining stream, or at higher pumping rates it 
can induce flow from the stream to the aquifer.
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Figure 12.  If stream levels rise higher than their 
streambanks (C), the floodwaters recharge ground 
water throughout the flooded areas.



Groundwater systems often operate on much longer 
timescales than surface water systems (residence time) 
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Ecohydrology: Thermal Refugia (Cool GW) 

Bedrock pools 

Steelhead Salmon eggs and newt 

Warm, sunny reach 







Relationship between air and water 
temperatures along Horse Creek 

10 12 14 16 18 20

5
10

15
20

25
30

35

Station A ( sunny, dry afternoon )

Bed Temperature

Ai
r T

em
pe

ra
tu

re

10 12 14 16 18 20

5
10

15
20

25
30

35

Station B ( sunny )

Bed Temperature

Ai
r T

em
pe

ra
tu

re

10 12 14 16 18 20

5
10

15
20

25
30

35

Station C ( sunny, losing )

Bed Temperature

Ai
r T

em
pe

ra
tu

re

10 12 14 16 18 20

5
10

15
20

25
30

35

Station D ( sunny dry afternoon )

Bed Temperature

Ai
r T

em
pe

ra
tu

re

10 12 14 16 18 20

5
10

15
20

25
30

35

Station E ( shady, gaining in morning )

Bed Temperature

Ai
r T

em
pe

ra
tu

re

10 12 14 16 18 20

5
10

15
20

25
30

35

Station F ( shady pool )

Bed Temperature

Ai
r T

em
pe

ra
tu

re

10 12 14 16 18 20

5
10

15
20

25
30

35

Station G ( oak shade, riffle )

Bed Temperature

Ai
r T

em
pe

ra
tu

re

10 12 14 16 18 20

5
10

15
20

25
30

35

Station H ( shady riffle )

Bed Temperature

Ai
r T

em
pe

ra
tu

re

10 12 14 16 18 20

5
10

15
20

25
30

35

Station I ( shady riffle )

Bed Temperature

Ai
r T

em
pe

ra
tu

re

10 12 14 16 18 20

5
10

15
20

25
30

35

Station J ( shady pool )

Bed Temperature

Ai
r T

em
pe

ra
tu

re

10 12 14 16 18 20

5
10

15
20

25
30

35

Station A ( sunny, dry afternoon )

Bed Temperature

Ai
r T

em
pe

ra
tu

re

10 12 14 16 18 20

5
10

15
20

25
30

35

Station B ( sunny )

Bed Temperature

Ai
r T

em
pe

ra
tu

re

10 12 14 16 18 20

5
10

15
20

25
30

35

Station C ( sunny, losing )

Bed Temperature

Ai
r T

em
pe

ra
tu

re

10 12 14 16 18 20

5
10

15
20

25
30

35

Station D ( sunny dry afternoon )

Bed Temperature

Ai
r T

em
pe

ra
tu

re

10 12 14 16 18 20

5
10

15
20

25
30

35

Station E ( shady, gaining in morning )

Bed Temperature

Ai
r T

em
pe

ra
tu

re

10 12 14 16 18 20

5
10

15
20

25
30

35

Station F ( shady pool )

Bed Temperature

Ai
r T

em
pe

ra
tu

re

10 12 14 16 18 20

5
10

15
20

25
30

35

Station G ( oak shade, riffle )

Bed Temperature

Ai
r T

em
pe

ra
tu

re

10 12 14 16 18 20

5
10

15
20

25
30

35

Station H ( shady riffle )

Bed Temperature

Ai
r T

em
pe

ra
tu

re

10 12 14 16 18 20

5
10

15
20

25
30

35

Station I ( shady riffle )

Bed Temperature

Ai
r T

em
pe

ra
tu

re

10 12 14 16 18 20

5
10

15
20

25
30

35

Station J ( shady pool )

Bed Temperature

Ai
r T

em
pe

ra
tu

re

10 12 14 16 18 20

5
10

15
20

25
30

35

Station A ( sunny, dry afternoon )

Bed Temperature

Ai
r T

em
pe

ra
tu

re

10 12 14 16 18 20

5
10

15
20

25
30

35

Station B ( sunny )

Bed Temperature

Ai
r T

em
pe

ra
tu

re

10 12 14 16 18 20

5
10

15
20

25
30

35

Station C ( sunny, losing )

Bed Temperature

Ai
r T

em
pe

ra
tu

re

10 12 14 16 18 20

5
10

15
20

25
30

35

Station D ( sunny dry afternoon )

Bed Temperature

Ai
r T

em
pe

ra
tu

re

10 12 14 16 18 20

5
10

15
20

25
30

35

Station E ( shady, gaining in morning )

Bed Temperature

Ai
r T

em
pe

ra
tu

re

10 12 14 16 18 20

5
10

15
20

25
30

35

Station F ( shady pool )

Bed Temperature

Ai
r T

em
pe

ra
tu

re

10 12 14 16 18 20

5
10

15
20

25
30

35

Station G ( oak shade, riffle )

Bed Temperature

Ai
r T

em
pe

ra
tu

re

10 12 14 16 18 20

5
10

15
20

25
30

35

Station H ( shady riffle )

Bed Temperature

Ai
r T

em
pe

ra
tu

re

10 12 14 16 18 20

5
10

15
20

25
30

35

Station I ( shady riffle )

Bed Temperature

Ai
r T

em
pe

ra
tu

re

10 12 14 16 18 20

5
10

15
20

25
30

35

Station J ( shady pool )

Bed Temperature

Ai
r T

em
pe

ra
tu

re

10 12 14 16 18 20

5
10

15
20

25
30

35

Station A ( sunny, dry afternoon )

Bed Temperature

Ai
r T

em
pe

ra
tu

re

10 12 14 16 18 20

5
10

15
20

25
30

35

Station B ( sunny )

Bed Temperature

Ai
r T

em
pe

ra
tu

re

10 12 14 16 18 20

5
10

15
20

25
30

35

Station C ( sunny, losing )

Bed Temperature

Ai
r T

em
pe

ra
tu

re

10 12 14 16 18 20

5
10

15
20

25
30

35

Station D ( sunny dry afternoon )

Bed Temperature

Ai
r T

em
pe

ra
tu

re

10 12 14 16 18 20

5
10

15
20

25
30

35

Station E ( shady, gaining in morning )

Bed Temperature

Ai
r T

em
pe

ra
tu

re

10 12 14 16 18 20

5
10

15
20

25
30

35

Station F ( shady pool )

Bed Temperature

Ai
r T

em
pe

ra
tu

re

10 12 14 16 18 20

5
10

15
20

25
30

35

Station G ( oak shade, riffle )

Bed Temperature

Ai
r T

em
pe

ra
tu

re

10 12 14 16 18 20

5
10

15
20

25
30

35

Station H ( shady riffle )

Bed Temperature

Ai
r T

em
pe

ra
tu

re

10 12 14 16 18 20

5
10

15
20

25
30

35

Station I ( shady riffle )

Bed Temperature

Ai
r T

em
pe

ra
tu

re

10 12 14 16 18 20

5
10

15
20

25
30

35

Station J ( shady pool )

Bed Temperature

Ai
r T

em
pe

ra
tu

re

10 12 14 16 18 20

5
10

15
20

25
30

35

Station A ( sunny, dry afternoon )

Bed Temperature

Ai
r T

em
pe

ra
tu

re

10 12 14 16 18 20

5
10

15
20

25
30

35

Station B ( sunny )

Bed Temperature

Ai
r T

em
pe

ra
tu

re

10 12 14 16 18 20

5
10

15
20

25
30

35

Station C ( sunny, losing )

Bed Temperature

Ai
r T

em
pe

ra
tu

re

10 12 14 16 18 20

5
10

15
20

25
30

35

Station D ( sunny dry afternoon )

Bed Temperature

Ai
r T

em
pe

ra
tu

re

10 12 14 16 18 20

5
10

15
20

25
30

35

Station E ( shady, gaining in morning )

Bed Temperature

Ai
r T

em
pe

ra
tu

re

10 12 14 16 18 20

5
10

15
20

25
30

35

Station F ( shady pool )

Bed Temperature

Ai
r T

em
pe

ra
tu

re

10 12 14 16 18 20

5
10

15
20

25
30

35

Station G ( oak shade, riffle )

Bed Temperature

Ai
r T

em
pe

ra
tu

re

10 12 14 16 18 20

5
10

15
20

25
30

35

Station H ( shady riffle )

Bed Temperature

Ai
r T

em
pe

ra
tu

re

10 12 14 16 18 20

5
10

15
20

25
30

35

Station I ( shady riffle )

Bed Temperature

Ai
r T

em
pe

ra
tu

re

10 12 14 16 18 20

5
10

15
20

25
30

35

Station J ( shady pool )

Bed Temperature

Ai
r T

em
pe

ra
tu

re

10 12 14 16 18 20

5
10

15
20

25
30

35

Station A ( sunny, dry afternoon )

Bed Temperature

Ai
r T

em
pe

ra
tu

re

10 12 14 16 18 20

5
10

15
20

25
30

35

Station B ( sunny )

Bed Temperature

Ai
r T

em
pe

ra
tu

re

10 12 14 16 18 20

5
10

15
20

25
30

35

Station C ( sunny, losing )

Bed Temperature

Ai
r T

em
pe

ra
tu

re

10 12 14 16 18 20

5
10

15
20

25
30

35

Station D ( sunny dry afternoon )

Bed Temperature

Ai
r T

em
pe

ra
tu

re
10 12 14 16 18 20

5
10

15
20

25
30

35

Station E ( shady, gaining in morning )

Bed Temperature

Ai
r T

em
pe

ra
tu

re

10 12 14 16 18 20

5
10

15
20

25
30

35

Station F ( shady pool )

Bed Temperature

Ai
r T

em
pe

ra
tu

re

10 12 14 16 18 20

5
10

15
20

25
30

35

Station G ( oak shade, riffle )

Bed Temperature

Ai
r T

em
pe

ra
tu

re

10 12 14 16 18 20

5
10

15
20

25
30

35

Station H ( shady riffle )

Bed Temperature

Ai
r T

em
pe

ra
tu

re
10 12 14 16 18 20

5
10

15
20

25
30

35

Station I ( shady riffle )

Bed Temperature

Ai
r T

em
pe

ra
tu

re
10 12 14 16 18 20

5
10

15
20

25
30

35

Station J ( shady pool )

Bed Temperature

Ai
r T

em
pe

ra
tu

re Air 
T’s Water 

T’s 



May 



May 







Fire in Big Sur Wilderness 



August 



…dry pools, diminishing O2… 

Bedrock pools barely flow Young of the year perished Algae turned black 



Assumptions about groundwater 
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Most swamp deposits are less than 10 ft thick. Swamp deposits overlie glacial 
deposits or bedrock. They locally overlie glacial till even where they occur within 
thin glacial meltwater deposits 

 

Early Postglacial Deposits 
 

Alluvial-fan deposits—Generally coarse gravel and sand deposits on steep slopes 
where high gradient streams entered lower gradient valleys. Some alluvial fans in 
this area were graded to lowering levels of glacial Lake Hitchcock. Some fans 
continue to form today 
 
Stream-terrace deposits—Sand, gravel, and silt deposited by meteoric water 
(locally distal meltwater) on terraces cut into glacial meltwater sediments along 
rivers and streams. Most stream-terrace deposits are less than 10 ft thick and overlie 
thicker glacial deposits; textures are usually similar to underlying glacial meltwater 
deposits. Many stream terraces in the Connecticut River valley are composed of fine 
to medium sand and overlie lake-bottom silt and clay 
  
Inland-dune deposits—Fine to medium, well-sorted sand in transverse, parabolic, 
and hummocky dunes as much as 60 ft thick. Deposits occur chiefly in the glacial 
Lake Hitchcock basin where sand derived from extensive glacial-lake deltas that 
were not yet vegetated was deposited in dune forms by early postglacial winds. 
Dune sand is now fixed by vegetation except where disturbed by human activities 
  
Talus deposits—Angular, loose blocks of basalt and diabase accumulated by 
rockfall and creep at the base of bedrock cliffs along linear traprock ridges in the 
Mesozoic lowland. Talus deposits form steep, unstable slopes. Generally less than 
20 ft thick 

 
 

Glacial Stratified Deposits 
Sorted and stratified sediments composed of gravel, sand, silt, and clay (as defined in 

particle-size diagram, fig. 3) deposited in layers by glacial meltwater. These sediments occur as 
four basic textural units—gravel deposits, sand and gravel deposits, sand deposits, and fine 
deposits. On this interim surficial geologic map layer, gravel, sand and gravel, and sand deposits 
are not differentiated and are shown as Coarse Deposits where they occur at land surface. Fine 
Deposits also are shown where they occur at land surface. Textural changes occur both areally and 
vertically (fig. 2); however, subsurface textural variations are not shown on this interim map. 
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earlier deltaic sediments in the Cromwell-Rocky Hill area of central Connecticut, and the lake 
lengthened northward into northern Vermont and New Hampshire as the ice sheet retreated. 

Detailed geologic maps can show meltwater sedimentary units within each glacial lake or 
valley outwash system (Jahns, 1941, 1953; Koteff, 1966). These units, known as morphosequences 
(Koteff, 1974; Koteff and Pessl, 1981), are the smallest mappable stratigraphic units depictable on 
detailed geologic maps.  Morphosequences are bodies of stratified meltwater sediments that are 
contained in a continuum of landforms, grading from ice-contact forms (eskers, kames) to non-ice-
contact forms (flat valley terraces, delta plains) that were deposited simultaneously at and beyond 
the margin of the ice sheet, and were graded to a specific base level. Each morphosequence consists 
of a proximal part (head) deposited within or near the ice margin and a distal part deposited farther 
away from the ice margin. Both grain size and ice-melt collapse deformation of beds decrease from 
the proximal to the distal part of each morphosequence. The head of each morphosequence is either 
ice marginal (ice contact) or near ice marginal.  The surface altitude of fluvial sediments in each 
morphosequence was controlled by a specific base level, either a glacial-lake or marine water plane 
or a valley knickpoint.  Few morphosequences extend distally more than 6 miles, and most are less 
than a mile in length.  In any one basin, individual morphosequences were deposited sequentially as 
the ice margin retreated systematically northward. Consequently, in many places the distal, finer 
grained facies of a younger morphosequence stratigraphically overlies the proximal, coarse-grained 
facies of a preceding morphosequence.   

Figure 2 shows an example of the variability of sediment types in the subsurface of glacial 
stratified deposits. The figure schematically shows the relationship between coarse-grained deltaic 
deposits (sand and gravel and sand) and extensive fine-grained lake (or marine) deposits (fine sand, 
silt, and clay) in the subsurface. Such coarse- and fine-grained units are common in most of the 
valleys and lowlands of Massachusetts (Langer, 1979; Stone and others, 1979; Stone and others, 
1992; Stone and others, 2005). On these interim maps, coarse-grained and fine-grained textural 
variations within glacial stratified deposits are shown only where they occur at land surface. 
Subsurface textural variations are not shown. 

 

 

Figure 2. Block diagram illustrating the typical areal and vertical distribution of glacial and postglacial 
deposits overlying bedrock (modified from Stone and others, 1992). 

•  Surface and groundwaters are connected 
everywhere 

        Stone et al., 1992	


•  Groundwater temperatures track air 

temperatures 
•  Groundwater temperature is approximately 

equal to mean annual temperature 



 
Ground water temperatures are variable  

in time (or space)  

Ground Water Observations in glacial sediments, N. Minnesota 
Orange Lines are Shallow Wells (5-10 m) 

Blue and Black Lines are Deep Wells (> 20 m) 



USGS Western Mass. Climate 
Response Well Network 

Ground water temperatures are variable in time (or space)  
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Conduction  

Ground water temperature can deviate significantly 
from a purely conductive state (via advection) 

Conduction  



Ground water temperature can deviate significantly 
from a purely conductive state (via advection) 



Mean annual ground water temperatures are not 
equal to the mean annual air temperature  



Ground water temperatures  
do not necessarily track air temperature changes 



Ground water temperatures  
do not necessarily track air temperature changes 



What we know about groundwater 

•  Groundwater temperatures are variable in time (or 
space)  

•  Groundwater temperature can deviate significantly 
from a purely conductive state (via advection) 

•  Groundwater temperatures are not equal to mean 
annual temperature 

•  Groundwater temperatures do not necessarily track 
air temperatures 


