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AN ANALYSIS OF STREAM TEMPERATURES IN LOUISIANA

By Anthony J. Calandro

ABSTRACT

Air temperatures during the summer months are approximately the
same throughout the State; water temperatures, however, become pro-
gressively cooler from north to south. During the winter wonths air
temperatures are cooler in the northern part of the State than in the
central or southern parts, and water temperatures are about 5° Fahren-
heit (3° Celsius) ccoler.

A method of analysis developed by M. R. Collings was used to obtain
midmonthly temperatures from miscellaneous water-temperature data from
71 sites. When compared to long-term daily temperature statioms, the
method works very well for lTouisiana streams.

Monthly temperature duration, average monthly temperatures, and
monthly extremes are shown for nine stations throughout the State.
These stations are located on the larger streams and rivers.

INTRODUCT LON

Stream-temperature information is vitally important to the proper
utilization of the water resources in Louisiana. Temperature affects
(1) the use of surface water for industrial, recreatiomal, and other
uses; (2) biochemical-reaction rates; (3) oxygen-saturation levels;
(4) stream-reaeration rates; and (5) aquatic life.

The maior natural factors affecting stream temperatures in Louilsiana
are golar radiation, shade, air tewmperature, and stream depth. The most
important of these is solar radiation,

For the purposes of this report, the State has been divided into
four regions: mnorthern, central, southeastern, and southwestern
Louisiana (fig. 1). Within each region similar hydrologic conditions
oceur.,

The purpose of this report is to analyze miscellaneous watex-
temperature data and obtain midmonthly values; document areal differ-
ences; describe monthly variations in stream Temperature; and relate
air temperature Lo water temperature.
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Figure 1, --Temperature regions in Louisiana.

Available Stream-Temperature Data

The U.S5. Geological Survey has collected information on stream
temperatures in Louisiana for many years. However, prior to 1956, the
amount of stream-temperature data was negligible. From 1956 through
1968, miscellaneous temperature data amounting to eight to 12 measure-
ments a year were collected at 71 sites, and once-daily temperature
measurements were collected at nine sites. However, only the once-~daily
temperature measurements were published. In addition to the once~daily
temperature measurements, data are presently being collected by
continuous-recording temperature monitors at five locations. Although
documented stream temperatures have been only as low as 33°F (0.5°C),
ice has been observed along the®edges of most Louisiana streams at
times,



AIR TEMPERATURE VERSUS STREAM TEMPERATURE

Average monthly air temperature is a fairly good index of average
monthly water temperature in most streams in Louisiana where no manmade
effects occur. This close correlation is due to the fact that solar
radiation affects both water and air tempevatures similariy. Compari-
sons of mean midmonthly water temperatures to mean monthly air tempera-
tures are shown in figure 2.

Tn porthern Louisiana, mean monthly air temperature very closely
approximates mean midmonthly stream tempevature. The only significant
difference occurs from January to March when air temperatures are about
3°F (1.5°C) warmer. In central, southeastern, and southwestern Louisiana,
mean monthly air temperatures are gemerally 2° to 5°F (1° to 3°C) warmex
than mean monthly stream temperatures,

Mean monthly air temperatures for the four regions are nearly the
same during the summer months; however, summer water temperatures are
cooler in the south than in the mnorth (fig. 3). This is probably due
to higher base flow in southern streams. Streamflow is generally above
base flow during the winter months, and wdter temperature variations
are caused mainly by variations in air temperature. Air temperatures
are cooler in the north thanm they are in the central, southwest, or
southeast regions; and water temperatures are subsequently as much as
5°F (3°C) lower.

Diurnal temperature fluctuations are shown for the Amite River near
Denham Springs and Big Creek at Pollock (fig. 4). It 1is readily seen
from this figure that large daily fluctuations in air temperature have
only a 3° to 5°F (1.5° to 3°C) effect on daily water temperature. This
is especially true for large streams and for periods of medium to high
flow in smaller streams. Daily fluctuations in water temperature depend
primarily on streamflow, shading, chamnel depth, and several other
factors such as mixing and stream orientation., For these reasons it
ig difficult to relate hourly or even daily air temperature Lo watex
temperature.,

SYNTHES IZED TEMPERATURE RECORD

Miscellaneous temperature information has been collected at 71
sites in Louisiana, usually at the time of stream discharge measurements.
These data have been analyzed, and average midmonthly temperatures have
been obtained using a method developed by Collings (1969). This me thod
provides estimates of midmonthly temperatures from a minimum of eight
miscellaneous temperature measurements taken throughout the year.

The method is very accurate when applied to louisiana streams.
Presented for comparison in table 1 is a list of average monthly tem-
peratures computed from daily temperature records and average midmonthly
temperatures obtained using the Collings method. Average midmonthly
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Figure 3. --Cemparison of average midmonthly water temperatures for the four temperature regions
in Louisiana.

temperatures were obtained by selecting, at random, eight to 12 daily
temperature measurements a year. Difference between the average monthly
and the obtained midmonthly temperatures never exceeds 2°F (1°C) for the
sites selected for comparisom.

Midmonthly temperatures obtained from miscellaneous temperature
information are listed in table 2. Sites are in downstream order by
region.

Although stream temperatures regionalize quite well, slight differ-
ences do occur from stream to stream in the same region. This is to be
expected and is due primarily to natural factors such as stream orienta-
tion, shade, and depth.
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DATLY TEMPERATURE STATIONS

Often it is necessary to know nobt only what the wonthly stream
temperature is but also what percent of time or duration this value will
be available. Monthly temperature duration for nine daily temperature
stations located throughout the State is shown in table 3. Included in
the table are average monthly temperatures and monthly extremes. The
stations used for these analyses are located on the larger streams and
rivers that are important to waltel users.

Average monthly temperatures for the larger streams, excluding the
Mississippi River, are somewhat higher than average wonthly temperatures
of the smaller streams within a region, especially during low-flow
periods in the summer and fall. For example, the average monthly tem-
perature of the Red River at Alexandria (table 3) from June thyough
November is from 5° o 9°F (3° e 5°C) warmer than other streams in
central Louisiana (fig. 3). This is due to solar radiatiocn, which
greatly affects water tempervature in wide, relatively shallow, unshaded
streams. For this reason the larger streaws were notf included in the
regionalization by geographic area.

The Mississippi River is the only viver in the State where the
effects of man on water temperature have been studied. Water Ctempera-
tures of the Mississippi River at St. Francisville and Luling Ferry
have been measured daily since 1954 and 1957, respectively. From
December to May the average monthly water tewperature 1s approximately
the same at the two sites. However, from June te November the average
monthly water temperatures are from 1° to 3°F (0.5° to 1.5°C) warmer at
Luling Ferry. This increase in water temperature at Luling Ferry is
due primarily to industrial discharge of heated water into the river.
Approximately 95 percent of the 5.0 billion gallons per day of water
withdrawn from the river between St. Francisville and Luling Fexry is
used for industrial cooling and is returned to the river with an
increased thermal load (REverett, 1971). The effect of this heated
water after complete mixing is not discernible during medium- or high-
flow pericds, but during low-flow periods, daily water temperatures are
as much as 5°F (3°C) warmer at Luling Ferry than at St. Francisville.

SUMMARY

Average monthly stream temperature in the State of Louisiana can
be determined quite accurately when the average monthly air temperature
is known.

Excluding the larger streams, stream temperatures within regions
are fairly uniform.

Temperature variations of the larger streams do not [it regional
patterns and, with the exception of the Mississippi River, are warmer
than streams in the same region.



Temperature variations of the Mississippi River between St.
Francisville and Luling Ferry, La., indicate that man's influence may
cause an increase in daily water temperatures by as much as 5°F (3°()
during low-flow periods.
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Table 3. --Monthly temperature duration for selected sites

['I'emperature, in degrees Fuhrenheit]

Average Percent of time values equaled or exceeded those shown
Month Range in monthly
temperature o pperatare 90 70 50 30 10
Pearl River near Bogalusa, station Mo. 2-4895 (drainage area 0, 630 sg mi)
January ~e-~~ 38-065 52 45 48 51 55 61
February —-- 4 Gl 53 47 50 52 55 59
March —wwm 48-75 60 52 55 59 G4 638
ALl e 61-79 71 65 G& 70 74 77
May === G67-85 76 70 74 77 79 82
Juneg = ===mm- 75-90 82 78 81 83 84 87
july ~=emm 7689 84 80 83 84 86 88
AUGUSTE —w - 77-88 85 80 84 86 87 87
September-- 67-87 80 74 78 80 &4 86
Qctober «--- 63-78 72 66 71 73 75 76
November -~ 45-79 63 56 60 62 65 75
December -- 35-66 54 48 53 55 57 62
Red River near Hosston, station Mo. 7-3444 {drainage area 57, 041 sq mi}
Jamary ---~- 33-62 45 38 42 45 48 50
February --- 39-~60 48 42 45 48 50 535
March —--=- 39-70 55 48 52 56 59 63
April - 51-77 66 59 G4 67 69 73
May ~mmm——- 63-84 73 67 71 74 76 79
June ~--—m= 69-90 81 77 79 81 83 85
July —-mm——- 74-91 85 80 g2 a5 87 89
August ~=-~--- 7591 84 80 83 85 86 88
September-~ G3-83 78 70 70 79 82 85
Octobey = «w- 49~79 68 62 66 68 71 74
November -- 46-70 58 50 55 58 62 66
December «w 33-61 48 41 45 49 52 55
Red River at Alexandria, station No, 7-3555 (drainage area 67, 500 sq mi)
January -—-- 38-065 50 46 49 50 52 55
February ~-~- 44...GY 55 47 52 55 58 Gl
March ===-- 4573 59 53 57 60 62 66
April e e 57-79 68 61 64 68 71 75
May ~=-meew G7-84 76 70 74 77 80 81
June ——wwnene 59-91 83 79 81 83 85 87
July == 80~92 87 84 85 87 89 90
ANGUSE v n 80-93 87 84 85 86 88 90
September-- 70-89 83 78 82 84 85 86
Cetobey ===~ 62-85 73 67 G 74 76 80
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Table 3. «-Monthly temperature duration for selected sites--Continued

Month Range in Averége Percent of time values equaled or exceeded those shown
temperature monthly
temperature =(e} 70 50 30 10
Red River at Alexandria, station No. 7-3555 (drainage area 67, 500 sg mi)--Continued
November =- 52-75 62 55 59 61 64 69
December ~~ 44.65 54 48 51 53 56 60
Atchafalaya River at Krotz Springs, station No. 7-3815
(drainage area 93, 300 sq mi including Red River)

Jamuary -~ 42~48 46 44 45 46 47 48
February -~- 42-56 48 44 46 48 50 53
March wwwww 47-60 53 49 52 53 54 58
Apri} mvwnen 51-71 62 55 58 GO 63 68
May -=~~--~ 63-77 71 66 69 71 73 75
Jane mwewwo— 75-87 80 76 78 80 82 84
July ~meee 80-88 &5 82 83 84 86 87
August - -~~~ B1-87 86 83 84 85 86 87
September-- 77-86 82 80 g1 82 83 85
Cctober ~-~-- 60-75 71 63 G8 73 75 78
November -- 53~67 57 35 56 57 59 62
December ~~ 44-55 49 45 47 49 51 54

Vermilion River at Bancker Ferry near Abbeville, station No.

7~3870 (drainage area 546 sq mi)

January =--- 36-65 54 48 51 55 57 60
Febmary ~-- 44-71 58 50 54 58 61 66
March -~~~ 48-74 63 57 60 62 65 69
April e eww—- 55-78 69 62 67 70 72 76
May —=r-om- 65-86 78 72 75 78 80 83
June «ewmew- 75-96 84 79 82 84 85 88
July —-onee- 76-95 85 82 84 85 87 89
August —~--- 75-95 85 82 84 85 87 89
September-- 70-92 82 78 80 82 84 86
October == -~ 60-88 75 68 71 74 78 82
November-- 52-85 64 59 61 64 66 71
December-- 44-78 57 50 54 56 60 62
Mermentau River near Lake Arthur, station No. 8-0124 (drainage area 1, 730 sq mi)
Jamuary -~~-- 33-73 52 44 49 52 55 60
February --~ 43-69 54 47 51 54 57 60
March —~-~~ 40-78 60 51 56 GO 64 68
April ——---- 58-88 71 62 a9 71 74 78
May ----=un 65-87 77 71 75 78 80 81
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Table 3. --Monthly temperature duration for selected sites--Continued

Range in Average Percent of time values egualed or exceeded those shown
Month ¢ ¢ monthly
emperature
; temperature 90 70 50 30 10

Mermentau River near Lake Arthur, station No, 8-0124 (drainage area I, 730 sq mi)--Continued

June «mm—m-n 7389 82 78 81 82 84 85
July —===mem 7490 84 81 83 84 85 87
August —~--~ 74-90 83 80 82 3 85 87
September-- 62-80 79 73 72 81 83 89
October ---- 61-82 72 64 69 73 75 79
November -~ 50-78 64 57 61 64 68 72
December-- 38-79 57 48 53 56 GO G7

Black River at Jonesville, station No, 7-3732.67 (drainage area 24, 158 sq mi)

January ---- 39-38 47 42 44 46 48 54
February --- 40-60 50 43 47 5C 52 55
March wweem 42-68 56 48 54 56 59 62
April mem——— 5476 67 60 04: 67 70 73
May =~=mm== 67-82 76 71 73 76 78 81
June ==~---- 74-50 82 77 80 82 84 85
July = 77-93 86 82 84 §6 87 89
August -~~~ 80-93 86 83 85 86 88 89
September-- 70-88 82 78 80 83 85 86
Octaber -~~~ 62~82 73 67 70 73 75 79
November -~ 53-71 63 57 GO G2 65 68
December -~ 42-064 52 45 50 53 55 58

Mississippl River near St. Francisville, station No. 7-3734. 2 (drainage avea 1, 243, 000 sq mi)

January ---- 37-55 44 40 42 44 406 48
February -+~ 37-56 45 40 43 45 47 50
March «wew- 43-60 50 46 48 50 53 56
April s 48-70 60 54 58 80 62 G&
May wmwm = a 60-80 70 65 68 70 73 75
June ==~~~-=~ G3-83 77 74 76 77 79 81
Jaly —-eweww 73-87 82 80 8l 83 84 85
Aungust -=--= 78-87 83 81 52 83 84 85
September-- 70-85 79 75 77 79 81 83
Octobey ~-~- 5882 70 64 G7 70 73 75
November ~- 4769 &0 55 58 G0 62 64
December - 38-61 50 45 48 50 52 55

Mississippi River at Luling Fewy, station No. 7-3744 (drainage area 1, 243, 600 sq mi)

January «ee- 37-54 45 42 43 44 46 4.8
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Table 3. --Monthly temperature duration for selected sites~-Continued

Month

Range in

temperature

Average
monthly
temperature

Percent of time values equaled or exceeded those shown

20

70

30

30

10

Mississippi River at Luling Ferry, station No. 7-3744 (drainage area 1, 243, 600 sq mi)--Continned

February -~
March -----

September--
October ----
November --
December ~~

39-55
40-58
47-71
63-80
70-84
74-90
79-~89
73-88
60-82
49-72
42-62

45
50
60
70
79
83
84
82
72
62
50

41
44
54
66
75
&0
81
78
66
56
46

43
48
57
G8
77
81
83
79
69
60
48

45
50
60
70
79
83
84
81
72
62
50

47
53
62
72
80
84
85
&3
74
64
53

50
56
66
76
82
86
86
86
78
67
56
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