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Temperature-dependent absorption of water in the red and 
near-infrared portions of the spectrum 

Abstract-We looked at the influence of temper- 
ature and salinity on the absorption coefficient of 
water with emphasis on the red and near-IR portions 
of the spectrum. The absorption coefficient of pure 
water was found to have a strong dependence on 
temperature and little dependence on salinity near 
the harmonics of the O-H bond-stretching frequen- 
cy. We found an increase in the absorption coefficient 
of 0.009 m-l “C-l at 750 nm and 0.0015 m-l “C-l 
at 600 nm. 

The absorption of water is a fundamental 
property that influences the passage of light 
through the water column. Changes in the ab- 
sorption coefficient will alter measured light 
properties such as irradiance and reflectance. 
It has long been known that temperature af- 
fects the absorption coefficient of water at the 
harmonics of the stretching of the O-H bond 
(Collins 1925; Luck 1963; Tam and Pate1 
1979). Effects of salinity on the O-H bond are 
manifested in the reflectance (Hirschfeld 198 5) 
and Raman scattering (Georgiev et al. 1984). 
Sullivan (1963) showed that salinity affects the 
absorption of water in the near-IR. The influ- 
ence of temperature and salinity on the ab- 
sorption of water in regions of the harmonics 
are related to formation of tetrahedral-shaped 
hydrogen-bonded macromolecules of water 
(Walrafen 1967; Whetsel 1968). Increasing 
temperature and salinity break up the hydro- 
gen-bonded water macromolecules. Changes 
in the proportion of the water macromolecules 
with temperature or salinity are then seen as 
changes in the absorption of water at harmon- 
ics of the O-H bond-stretching frequency. Al- 
though it is understood that environmental pa- 
rameters modify the absorption of water, there 
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has been little effort to quantify the modifi- 
cation. 

The role of temperature in determining the 
absorption properties of water has been re- 
examined. Hojerslev and Trabjerg (1990) re- 
cently reported a Aa of +0.003 m-l “C- l from 
10 to 30°C for wavelengths between 400 and 
600 nm. Apparent changes, as a function of 
temperature, of the in situ absorption coeffi- 
cient measured at 750 nm with a reflecting tube 
absorption meter developed by Sea Tech, Inc., 
prompted our study of temperature effects on 
the absorption coefficient at longer wave- 
lengths. 

Our study combines shipboard and labora- 
tory experimental data to investigate the de- 
pendence of the absorption coefficient on vari- 
ations in temperature and salinity. Using our 
results and interpreting the results of others 
(Collins 1925; Hojerslev and Trabjerg 1990), 
we estimate the size of the change in absorp- 
tion at the 750-nm absorption maximum and 
the 600-nm absorption shoulder. We also 
identify other regions of the spectrum that may 
have variations in absorption with changes in 
environmental parameters. 

In situ absorption was measured with a re- 
flecting tube absorption meter developed by 
Sea Tech (Zaneveld et al. 1990). The filter used 
in the absorption meter had a peak value of 
750+2 nm and a full-width, half-maximum 
bandpass of 10 nm. A Sea Tech transmissom- 
eter was used to measure beam attenuation at 
660 nm in conjunction with the absorption 
measurements. These measurements were 
made from the eastern boundary of the central 
gyre of the North Pacific Ocean to the Oregon 
coastal region. 

In the laboratory we used a dual-beam Cary 
118 spectrophotometer to carry out investi- 
gations of the temperature and salinity depen- 
dence of the absorption spectrum of water. The 
spectrophotometer was modified to allow a 
computer to control the scanning wavelengths 
and record the measurements. The computer 
was programed to measure transmittance in 
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l-nm intervals between 800 and 700 nm and 
in 5-nm intervals from 700 to 405 nm. Sam- 
ples were placed in one beam and the reference 
path was left empty. A diffuser plate was placed 
in front of the photomultiplier tube to measure 
forward-scattered light as well as the attenu- 
ated direct beam. A nitrogen purge was con- 
nected to the sample box to prevent conden- 
sation. 

Optically clean freshwater was obtained with 
a reverse osmosis filter. Samples of 400 ml 
were placed in a covered beaker in a temper- 
ature-controlled bath. A 1 O-cm quartz cuvette 
was then filled with sample water and analyzed 
with the spectrophotometer. Another set of 
samples was obtained by heating the filtered 
water to near boiling and mechanically re- 
moving bubbles that formed as the sample 
cooled. The removal of bubbles in the second 
set of samples provided filtered water that was 
not contaminated by gasses and microbubbles. 
Comparisons of the absorption of the two sam- 
ple waters at identical temperatures showed 
that microbubbles affected the measured ab- 
sorption in the blue portion of the spectrum 
but not in the red. To be able to use both data 
sets we do not consider the shorter wave- 
lengths in the visible spectrum where effects 
of microbubble contamination were signifi- 
cant. 

A salt-water sample with a salinity of - 297’00 
was prepared with an aquarium salt mix. The 
artificial seawater sample was passed through 
a 0.3~pm Nuclepore filter before being placed 
in the sample cuvette. 

Temperature was measured before and after 
each scan to determine the temperature drift 
during the sampling period. The spectropho- 
tometer took 1 min to scan the 800-700-nm 
range and another 1.25 min to scan the 700- 
400-nm range. The temperatures listed on all 
figures are +0.5”C for measurements at 2 1°C 
and -+ 1 .O”C f or every 10” above or below 2 1°C. 

To ensure that changes in absorption mea- 
sured were not due to changes in the absorp- 
tion of the sample cuvette, we measured the 
absorption of the empty quartz cuvette at two 
temperatures. Absorption was measured for a 
cuvette at room temperature and again after 
the cuvette had been in a freezer (- 10°C) for 
2 h. The cuvette’s absorption coefficient did 
not display a discernible temperature depen- 
dence. 
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Fig. 1. Absorption of the sampling system corrected 
for instrument drift at 21 and 10°C. 

Hojerslev and Trabjerg (1990) suggested a 
nearly uniform increase in absorption with 
temperature in the range between 400 and 600 
nm. Our results (Fig. 1) and previous work 
(Collins 1925; Tam and Pate1 1979) indicate 
that absorption at 68 5 nm is invariant with 
changes in temperature. Because there was no 
evidence of a uniform increase with temper- 
ature, we have adjusted all curves to the value 
of absorption at 685 nm as given by Tam and 
Pate1 (1979). Correction to this value allows 
changes in the shapes of the curves to be stud- 
ied easily. It should be noted that we did not 
determine the absolute value of the absorption 
coefficient of water. We searched for changes 
in the absorption coefficient as displayed by 
changes in the shape of the spectral absorption 
curve of water. There was no evidence that the 
quartz cuvette was responsible for changes in 
measured absorption, so the changes must be 
due to changes in the absorption coefficient or 
index of refraction of water. The changes in 
the index of refraction would have to be much 
larger than published values (Austin and Hali- 
kas 1976) to account for the observed effects. 
Changes in the index of refraction with wave- 
length thus contribute very little to the mea- 
sured changes in absorption. 

The apparent correlation between temper- 
ature and absorption at 750 nm observed dur- 
ing an oceanographic cruise off Oregon (Fig. 
2) was our motivation. The correlation of ab- 
sorption with temperature indicated a tem- 
perature response that was too rapid to be ac- 
counted for by temperature drift. We therefore 
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Fig. 2. Profiles oftemperature, a(750), and ~(660) from 
40- to 120-m depth as measured in the central gyre of the 
North Pacific Ocean. 

performed a multiple regression with absorp- 
tion at 750 nm [a(750)] as the dependent vari- 
able with temperature and ~(660) (a proxy 
measure of the scattering error) as the inde- 
pendent variables. At stations in oligotrophic 
waters the regression analysis gave values of 
Aa(75O)/ATranging from 0.0122 to 0.0142 for 
regressions with an r2 value bO.97. For coastal 
stations the values of Aa(75O)/ATranged from 
0.0063 to 0.0091 with r2 values >0.97. The 
experimental design was not to test the tem- 
perature dependence of absorption at 750 nm, 
so we suspect uncontrolled factors caused the 
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Fig. 3. Absorption coefficient from 550 to 800 nm 
adjusted at 685 nm to the value of Tam and Pate1 (1979). 
The curves represent absorption at temperatures of 5, lo, 
15, 2 1, 25, and 30°C as read from bottom to top at 750 

Fig. 4. Absorption coefficients as a function of tem- 
perature: 755 nm-0; 750 nm-X; 745 nm-A. Linear 
regression of the absorption coefficients with temperature 
have r2 values >0.99 at all wavelengths. 

differences in the ranges of Aa(75O)/Ar in the 
two water types. The consistent and significant 
dependence of the a(750) measurements on 
temperature observed at sea prompted the lab- 
oratory portion of this study. 

In laboratory experiments at the 7 50-nm ab- 
sorption maximum, absorption increased sig- 
nificantly with temperature (Fig. 3). Our re- 
sults for this region are in good agreement with 
those of Collins (1925). In both cases the ab- 
sorption maximum shifts toward 745 nm with 
increasing temperatures. In both studies there 
appears to be a crossover region at -775 nm 
where there is little or no temperature effect. 
At wavelengths between 775 and 800 nm an 
increase in temperature causes a decrease in 
absorption. At 750 nm both studies show an 
increase in the absorption coefficient of -0.25 
m-l for a 25°C t emperature shift within the 
range of O-3O”C-the range of oceanographic 
interest. We found that at a given wavelength 
the change in the absorption coefficient with 
temperature is nearly linear (Fig. 4). The mag- 
nitude of the slope of the linear regression 
changes with wavelength which represents the 
shift in the absorption peak. 

The value of the temperature dependence 
determined in the laboratory is in good agree- 
ment with in situ values, with laboratory re- 
sults [Aa(750)/AT = 0.009 m-l “C-l] being 
within the range found by in situ measure- 
ments. The Aa(750)lATof0.009 m-l ‘C-l im- 
plies that for a 1” temperature change there is 
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a 0.36% change in the absorption coefficient 
at 750 nm. 

Tam and Pate1 (1979) reported that absorp- 
tion is temperature-dependent at the fifth (600 
nm) and sixth (5 10 nm) harmonics of the O- 
H bond-stretching frequency. Because of scat- 
tering by contaminants such as microbubbles, 
it is hard to observe these lower harmonics 
with any certainty. Our results do suggest that 
the absorption shoulder at 600 nm is raised 
with increasing temperature. There is also a 
suggestion of a temperature-dependent shoul- 
der at 660 nm. The work of Hojerslev and 
Trabjerg (1990) also shows the change in the 
shape of the curve of the absorption coefficient 
at 600 nm. Their figure 1 furthermore hints at 
temperature-dependent changes in the shape 
of the absorption spectrum at 5 15 and possibly 
550 nm. From our measurements and inter- 
pretations of their figure 1, we estimate that 
there is a Aa of 0.01 m-l per 6-7°C at 600 nm, 
or Aa(600)/AT x 0.00 15 m- l “C- l. Using the 
value of the absorption coefficient from Smith 
and Baker (198 1) at 600 nm (0.245 m-l) gives 
a 4% change in absorption with a 7°C change 
in water temperature. 

An example of environmental parameters 
affecting measurements is the apparent nega- 
tive values of the absorption coefficient for 
some Gelbstoff measurements. Figure 5 is a 
portion of two Gelbstoff measurements made 
recently at Lake Pend Oreille, Idaho. For these 
measurements water samples were collected 
and filtered through a GFF filter. The filtered 
water was placed in a dual-beam spectropho- 
tometer with a pure water sample in the ref- 
erence path. The collected water had temper- 
atures as low as 4°C and the pure water reference 
was at room temperature. When the Gelbstoff 
absorption measurements were made, the dif- 
ference in the absorption of water caused an 
apparent negative absorption of Gelbstoff in 
the near-IR. Allowing the Gelbstoff samples 
to reach room temperature removed the ap- 
parent negative absorption. Measurements of 
Gelbstoff in a water sample is one of the ap- 
plications of optical measurements in which 
one needs to take account of the influence of 
environmental parameters on the measure- 
ment itself. 

Sullivan ( 19 6 3) showed artificial seawater 
absorbed more strongly than distilled water 
with a Aa of 0.04 m-l for wavelengths >735 
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Fig. 5. A portion of Gelbstoff absorption spectra taken 
at Lake Pend Oreille. Solid line represents a sample at 
- 5°C measured against a warm reference sample in a dual- 
beam spectrophotometer. This curve implies an apparent 
negative absorption. Broken curve represents a Gelbstoff 
spectrum when the sample has been allowed to warm to 
the same temperature as the reference sample. 

nm. Our results for the near-IR portion of the 
spectrum indicated the change in the absorp- 
tion coefficient between fresh and saline water 
is about a quarter of that found by Sullivan. 
Because the artificial seawater that we used was 
not passed through a reverse osmosis filter we 
have reason to suspect that there may have 
been some very small particles in the sample 
that increased the backscattering error in the 
measurements at shorter wavelengths pre- 
venting us from making observations of the 
effects of salts in the 600-nm region. 

The greatest effect of temperature on the ab- 
sorption coefficient of water occurs at frequen- 
cies near the harmonics of the O-H bond- 
stretching frequency. The region of the fourth 
harmonic’s (750 nm) absorption maximum has 
the largest temperature effect in the portion of 
the spectrum between 500 and 800 nm. The 
absorption shoulder in the 600-nm (the fifth 
harmonic) region also has a significant tem- 
perature dependence. Our analysis indicates 
that temperature may also affect the absorp- 
tion coefficient at 5 15, 550, and 660 nm. Our 
results indicate that the effect of temperature 
on absorption is much greater than that of sa- 
linity. 

With the development of in situ measuring 
devices for absorption and the increased use 
of remote sensing, it becomes imperative that 
we understand the influence of environmental 
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properties on absorption in the waters being 
measured. Our work attempted to identify 
portions of the spectrum that may be affected 
by environmental parameters. We have given 
estimates of the effects of temperature on ab- 
sorption at the 750-nm absorption peak and 
600-nm absorption shoulder. Further research 
is needed to identify wavelengths at which the 
absorption coefficient is influenced by envi- 
ronmental parameters and to quantify the 
magnitude of these effects. The studies of tem- 
perature effects on absorption have been re- 
stricted to pure water, so the effect of temper- 
ature on the absorption of saline solutions is 
still to be studied. When the effects of envi- 
ronmental parameters are understood we will 
be able to better interpret measurements of 
absorption and related optical properties. 

W. S. Pegau 
J. R. V. Zaneveld 

School of Oceanography 
Oregon State University 
Corvallis 9733 l-5503 
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