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Conversion Factors

International System of Units to U.S. customary units

Multiply By To obtain

Length
centimeter (cm) 0.3937 inch (in.)

Volume
cubic centimeter (cm3) 0.06102 cubic inch (in3)

Mass
gram (g) 0.03527 ounce, avoirdupois (oz)
kilogram (kg) 2.205 pound, avoirdupois (lb)

Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows:

°F=(1.8×°C)+32

Abbreviations and Symbols

cm centimeter

DIW deionized water

EDI equal-discharge increment, isokinetic sampling method

EWI equal-width increment, isokinetic sampling method

FLIR forward-looking infrared

IR infrared

L liter

µS/cm microsiemen per centimeter

NFM U.S. Geological Survey National Field Manual for the Collection of Water-Quality 
Data

NIST National Institute of Standards and Technology

NWIS U.S. Geological Survey National Water Information System

QA quality assurance

USGS U.S. Geological Survey

WMA U.S. Geological Survey Water Mission Area
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Requirements and Recommendations

As used in the U.S. Geological Survey (USGS) “National Field Manual for the Collection 
of Water-Quality Data” (NFM), the terms “required” and “recommended” have the USGS-
specific meanings described below:

• The terms “require,” “required,” and “requirements” in reference to USGS protocols 
indicate that USGS Water Mission Area (WMA) policy has been established on the 
basis of research or consensus of the technical staff, and has been reviewed by water-
quality specialists and other professionals having the appropriate expertise. Technical 
memorandums and other documents that define USGS WMA policy are cited in the 
NFM. USGS field personnel are instructed to use required equipment and procedures 
as described in the NFM. Departure from or modifications to stipulated requirements, 
if necessary for accomplishing specific data-quality requirements or study objectives, 
must be independently quality assured and documented (Office of Water Quality 
Technical Memorandum 2002.13—U.S. Geological Survey, 2002). 

• The terms “recommend,” “recommended,” and “recommendation” indicate that, on 
the basis of research or consensus, there are several acceptable alternatives to a given 
procedure or equipment selection in the NFM. Relevant technical memorandums and 
publications pertinent to such recommendations are cited in the NFM to the extent 
that such documents are available. Specific requirements, data-quality objectives, or 
other constraints of a project may affect the choice of recommended equipment or 
procedures. Selection from among the recommended alternatives should be based on 
referenced research and sound field judgment, and reasons for the selection must be 
documented. Departures from or modifications to the recommended procedures must 
be independently quality assured and documented (Office of Water Quality Technical 
Memorandum 2002.13—U.S. Geological Survey, 2002).

https://water.usgs.gov/water-resources/memos/memo.php?id=2228
https://water.usgs.gov/water-resources/memos/memo.php?id=2228
https://water.usgs.gov/water-resources/memos/memo.php?id=2228
https://water.usgs.gov/water-resources/memos/memo.php?id=2228




Chapter 6.1. Temperature

By U.S. Geological Survey

Abstract
The “National Field Manual for the Collection of Water-

Quality Data” (NFM) provides guidelines and procedures for 
U.S. Geological Survey (USGS) personnel who collect data 
used to assess the quality of the Nation’s surface-water and 
groundwater resources. This chapter, NFM A6.1, provides 
guidance and protocols for the measurement of temperature of 
air, of a surface-water body or in groundwater, which include 
the scientific basis of the measurement, selection and mainte-
nance of equipment, calibration verification, troubleshooting, 
and procedures for measurement and reporting. It updates and 
supersedes USGS Techniques of Water-Resources Investiga-
tions, book 9, chapter A6.1, version 2.0, by Franceska D. 
Wilde.

Temperature of air and water is routinely measured when 
water samples are collected, is often measured continually at 
USGS streamgages, and is a parameter regularly measured 
during laboratory and field experiments. The field method for 
measuring temperature described in this chapter is applicable 
to air and most natural waters.

Before 2017, the NFM chapters were released in the 
USGS Techniques of Water-Resources Investigations series. 
Effective in 2018, new and revised NFM chapters are being 
released in the USGS Techniques and Methods series; 
this series change does not affect the content and format 
of the NFM. More information is in the general introduc-
tion to the NFM (USGS Techniques and Methods, book 9, 
chapter A0) at https://doi.org/10.3133/tm9A0. The authorita-
tive current versions of NFM chapters are available in the 
USGS Publications Warehouse at https://pubs.usgs.gov/. 
Comments, questions, and suggestions related to the NFM can 
be addressed to nfm@usgs.gov.

1.0. Introduction
The “National Field Manual for the Collection of Water-

Quality Data” (NFM) is the official and citable protocol for 
the collection of water-quality data by the Water Mission 
Area (WMA) of the U.S. Geological Survey (USGS). The 
NFM provides guidelines and procedures for USGS person-
nel who collect data for water quality in surface water and 

ground-water, with detailed, comprehensive, and citable 
procedures.

National USGS program and project personnel, as well 
as those in USGS Water Science Centers collecting water-
quality data, for projects supported by USGS Cooperative 
Matching Funds, are mandated to use protocols provided in 
the NFM (USGS Office of Water-Quality Technical Memo-
randum 2002.13—U.S. Geological Survey, 2002). Formal 
training, as provided in the USGS class “Field Water-Quality 
Methods for Groundwater and Surface Water,” and field 
apprenticeships supplement the information provided in the 
NFM and support the collection of unbiased, high-quality data.

The USGS National Field Manual provides detailed, 
comprehensive, and citable procedures for monitoring the 
quality of surface water and groundwater. Formal training 
and field apprenticeships supplement the information 
provided in the NFM.

Chapter A6.1 provides guidance and protocols for the 
measurement of temperature of air, of a surface-water body, or 
in groundwater, which include the scientific basis of the mea-
surement, selection and mainte nance of equipment, calibration 
verification, troubleshooting, and procedures for measurement 
and reporting. Temperature is an important variable in aquatic 
systems, and accurate measurements of this property are the 
basis for describing other attributes of those systems. Temper-
ature is routinely measured when water samples are collected, 
is often measured continually at USGS streamgages, and is 
regularly measured during laboratory and field experiments.

This chapter updates and supersedes USGS Techniques 
of Water-Resources Investigations, book 9, chapter A6.1, 
version 2.0 (Wilde, 2006). It covers the physical basis for 
measurement of temperature in aqueous solutions, as well 
as factors that affect the measurement, terminology, method 
protocols, and applications. The field method described in this 
chapter is applicable to air and most natural waters.

Before 2017, the USGS NFM chapters were released 
in the USGS Techniques of Water-Resources Investiga-
tions series. Effective in 2018, new and revised NFM 
chapters are being released in the USGS Techniques and 
Methods series; this series change does not affect the con-
tent and format of the NFM. More information is in the 

https://doi.org/10.3133/tm9A0
https://pubs.usgs.gov/
mailto:nfm@usgs.gov
https://water.usgs.gov/water-resources/memos/memo.php?id=2228
https://water.usgs.gov/water-resources/memos/memo.php?id=2228
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general introduction to the NFM (USGS Techniques and 
Methods, book 9, chapter A0—U.S. Geological Survey, 
2018) at https://doi.org/10.3133/tm9A0. The authoritative 
current versions of NFM chapters are available in the USGS 
Publications Warehouse at https://pubs.usgs.gov. Comments, 
questions, and suggestions related to the NFM can be 
addressed to nfm@usgs.gov.

1.1. Overview of Temperature

TEMPERATURE: a measure of warmth or coldness of a 
substance with reference to a standard value.

Measurements of air and water temperature at a field 
site are essential for water-quality data collection. Determina-
tion of dissolved-oxygen concentrations, conductivity, pH, 
rate and equilibria of chemical reactions, biological activity, 
and fluid properties relies on accurate temperature measure-
ments. The USGS currently (2024) measures and publishes 
water temperature data at more than 3,500 surface-water and 
groundwater stations, including wells, springs, streams, lakes, 
rivers, estuaries, and marine environments (U.S. Geological 
Survey, undated). Water temperature data are provided to 
cooperators, data managers, scientists, and the public. Water 
temperature is often measured in conjunction with other water-
quality parameters to support habitat assessment of threatened 
and endangered species and to evaluate changing climate con-
ditions. Accurate air- and water-temperature data are essential 
to document thermal alterations to the environment caused by 
natural phenomena and by human activities. Water tempera-
ture can be subject to environmental regulation and monitoring 
by State and local agencies.

• The U.S. Geological Survey (USGS) uses the 
Celsius (C) scale for measuring temperature.

• The procedures in this chapter aim to bring trace-
ability standards of the National Institute of Standards 
and Technology (NIST), to all USGS measurements 
of temperature.

2.0. Equipment and Supplies
A temperature sensor is any device used to measure 

temperature. In its simplest form, a temperature sensor can 
contain a detector that creates a signal used to infer tempera-
ture according to a calibration. Standard procedures used in 
the past by the USGS to measure temperature involved the use 
of liquid-in-glass thermometers. Since the 1990s, digital ther-
mometers and other equipment utilizing integrated thermistors 
and thermocouples, such as multiparameter instruments, have 
continued to undergo improvements in accuracy, reliability, 
and cost. Digital thermometers have many advantages over 

liquid-in-glass thermometers, including smaller uncertain-
ties, faster response, ease of automation, and elimination of 
uncertainty related to lighting and viewing angle (Ripple and 
Strouse, 2005). Electronic temperature sensors vary voltage, 
resistance, current, or frequency outputs with temperature. 
Common sensors include thermistors, an electrical resistor 
with a resistance that varies sharply and predictably with tem-
perature, and thermocouples, sensors containing two dissimilar 
metals bonded to form a connection with a dielectric potential 
that varies with temperature. To make a digital thermometer, 
a sensor—either thermistor or thermocouple—is connected to 
a signal conditioning device which linearizes the signal that 
communicates information to a display.

Digital thermometers and multiparameter instruments 
utilizing integrated sensors have replaced liquid-in-glass 
thermometers for nearly all USGS temperature measurements. 
Barring any project-specific requirements, using digital ther-
mometers or equipment utilizing integrated sensors, such as 
multiparameter instruments, should be considered the stan-
dard field method for temperature measurement of water and 
air. Liquid-in-glass thermometers containing mercury must 
never be taken to the field (USGS Office of Water-Quality 
Technical Memorandum 1994.02—U.S. Geological Survey, 
1993). Mercury is a hazardous substance, and its use should 
be avoided to prevent contamination and danger to personnel. 
Mercury-filled and liquid-in-glass thermometers in general 
should be phased out using digital thermometers and other 
equipment utilizing integrated sensors whenever possible.

Other types of sensors for temperature measurement 
include fiber-optic sensors and infrared (IR) thermometers. 
These systems are generally applied to situations where heat 
flow is occurring in a medium or temperature is used to trace 
mass flux. Fiber-optic temperature sensors contain a light 
source and detector. These sensors work by detecting changes 
in the wavelength of light caused by temperature. Fiber-optic 
sensors can be useful for measuring distributed tempera-
tures across multiple locations along a fiber-optic strand 
and relative temperature differences. Infrared thermometers 
and temperature sensors work by focusing the temperature-
dependent IR radiation emitted from an object onto a detector 
and converting the energy into a measurable electrical signal. 
The construction of the focusing and detecting elements 
of an IR thermometer determines its range and accuracy. 
Forward-looking infrared (FLIR) thermometers combine an 
IR temperature sensor with camera technology to produce 
an image or a movie of temperatures depicted by a scale of 
colors. Depending on the processor, focusing method, and 
detector used, FLIR thermometers can produce high-resolution 
temperature images and are powerful tools for determining 
relative temperature differences.

Infrared thermometers (including FLIR) detect surface 
temperature only and can be used for groundwater/surface-
water interaction studies or other hydrologic applications 
where information about surface temperature variation is 
useful. Their accuracy is limited due to reflections of IR 
sources off the water surface and movement of the water itself, 

https://doi.org/10.3133/tm9A0
mailto:nfm@usgs.gov
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making them undesirable for routine water temperature mea-
surement. Procedures for the use of fiber-optic, IR, and other 
non-contact methods of measuring temperature are beyond the 
scope of this NFM chapter. Quality assurance (QA) proce-
dures for these and other sensor types is left up to the users 
and is determined by the specific project objectives.

Where applicable, temperature-measurement equip-
ment and supplies (described in box 6.1–1) must be tested 
before temperature data are collected and cleaned soon after 
use. Each thermometer or sensor must have a logbook in 
which all calibrations and repairs are recorded, along with the 
manufacturer make and model and serial number. Logbooks 
may be in digital or paper form. A sensor should have its own 
logbook if calibration information is stored in the sensor or a 
digital thermometer may have a logbook if the thermometer 

electronics and sensor are calibrated as a unit as in the case of 
many digital thermometers.

• This chapter covers measurement and QA procedures 
for digital thermometers and other equipment utilizing 
integrated thermistors and thermocouples. Liquid-in-
glass thermometers should be phased out.

• Procedures for the use of fiber-optic, IR, and other non-
contact methods of measuring temperature are beyond 
the scope of this NFM chapter.

• All temperature sensors collecting data for publication 
by the USGS are required to undergo the QA verifica-
tion procedures described in this chapter or a similar 
QA verification process if the procedures described in 
this chapter do not fit the technology.

Box 6.1–1. Equipment and supplies 
used for measuring temperature

Modify this list to meet the specific needs of the 
field effort.

• Certified digital thermometer or sensor which must 
carry a current certificate of calibration.

• Temperature range, at least –5 to 45 degrees 
Celsius (°C)

• Required accuracy of less than or equal to ±0.05°C

• Required readout resolution of at least 0.001°C

• Sensor to classify as traceable for providing traceabil-
ity to field measurements.

• Temperature range, at least –5 to 45°C

• Required accuracy of less than or equal to ±0.2°C

• Required to be compared directly to a certified 
sensor having a valid certificate, using a refriger-
ated water bath, at no less than five points, between 
0 and 40°C, annually and at two points bracketing 
the expected range of use no more than 6 months 
from the five-point comparison. Each point in the 
comparison is required to agree with the certified 
sensor by less than or equal to ±0.2°C.

• Verified temperature sensor for data collection and 
publication.

• If the sensor data are used to correct another water-
quality parameter, the accuracy of the sensor is 
required to be less than or equal to ±0.2°C.

• If the sensor data are NOT used to correct another 
water-quality parameter, the accuracy of the sensor 
is determined by project objectives.

• Required to be compared against and verified 
with a traceable or certified sensor at points across 
the range of use, annually, to define and verify 
uncertainty. The verification procedure is outlined 
in section 3.0 Calibration Verification.

• Dewar flask and (or) plastic beakers (assorted 
sizes)

• Refrigerated water bath

• Soap solution, 0.1–0.2%, non-phosphate 
laboratory detergent

• Deionized water (1 liter), ASTM type 2 or better

• Flowthrough chamber (for groundwater applications 
as an alternative to multiparameter instruments with 
downhole capabilities)

• Paper tissues, disposable, soft, and lint-free

• Logbook, for recording all calibrations, maintenance, 
and repairs, may be digital or paper
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2.1. Definitions

Within this chapter the following terms will be used and 
are defined as follows:

Certified Temperature Sensor.— A sensor with a valid 
calibration certificate of NIST traceability from a 
laboratory certified by NIST's National Voluntary 
Laboratory Accreditation Program (NVLAP) (NIST, 
2024). For use in the procedures outlined in this 
chapter, these sensors or digital thermometers are 
required to have a range of at least -5°C to 45°C, and a 
certified accuracy of less than or equal to ±0.05°C with 
a readout resolution of at least 0.001°C. The calibration 
certificate is valid for up to 2 years.

Traceability.— Property of a result of a measurement or 
value of a standard whereby it can be related with a 
stated uncertainty, to stated references, usually national 
or international standards, through an unbroken chain 
of comparisons (NIST, 2023).

Traceable Temperature Sensor.— A sensor that is 
compared to a certified sensor every 6 months in 
an unbroken chain of comparison measurements 
that lead back to NIST standards through a certified 
sensor. It has a range of at least -5°C to 45°C and a 
manufacturer’s stated accuracy of less than or equal 
to ±0.2°C. Section 2.2 Establishing and Maintaining 
a Traceable Sensor outlines the procedure required to 
establish the chain of comparisons, which are made 
with a certified sensor. Traceable sensors are used for 
discrete data collection and as a reference sensor to 
verify the accuracy of deployed sensors.

Verified Temperature Sensor.— A sensor with 
documented data quality determined via an annual 
comparison to a traceable or certified temperature 
sensor, creating NIST traceability. Uncertainty in a 
sensor's measurements increases with each additional 
degree of separation from a certified standard. 
Therefore, the sensor is required to go through 
procedures described in section 3.0 Calibration 
Verification to define and verify the uncertainty of 
data collected with a sensor and establish traceability, 
regardless of the sensor's accuracy requirement. 
Verified sensors may be used for continuous 
temperature measurements and data collection for 
publication. An accuracy specification for a verified 
sensor is only required if the sensor is bundled onto 
a multiparameter instrument and is used to correct 
another water-quality parameter (such as dissolved 
oxygen or specific conductance). The accuracy of such 
a sensor is required to be less than or equal to ±0.2°C.

Water Temperature Sensor.—Any integrated sensor or 
technology used to measure water temperature utilizing 
a thermistor or thermocouple. This can be a sensor 
combined with a readout device to form a digital 
thermometer or a multiparameter instrument with an 
integrated temperature sensor.

The relation of the sensor classifications defined above 
can be seen in figure 6.1–1. The procedures in this chapter 
should provide traceability of all temperature measurements to 
certified sensors.

2.2. Establishing and Maintaining a Traceable 
Sensor

To maintain rigorous traceability, a sensor classified as 
traceable is required to be compared with a certified sensor or 
digital thermometer at no less than five points between 0°C 
and 40°C annually. Additionally, a traceable sensor is required 
to be compared against a certified sensor no more than 6 
months from the five-point comparison at two points which 
bracket the range of use during the period. Traceable sensors 
may be used to verify calibrations of sensors used to collect 
data and (or) to actually collect data. Any sensor that meets the 
minimum requirements for accuracy and resolution (defined 
in section 2.1) may be classified as traceable so long as the 
procedure in this section is completed. If the expected range 
of use is greater than 40°C, additional comparison points are 
required. All comparison points must agree within ±0.2°C. All 
temperature comparisons or verifications are to be documented 
in the calibration and maintenance log. A refrigerated water 
bath is necessary for establishing and maintaining a traceable 
sensor.
1. Immerse the traceable and certified sensors in the 

refrigerated bath with a water temperature of approxi-
mately 0°C. Be sure the temperature of the water bath is 
equilibrated and stable. There should be no positive or 
negative trends in temperature readings taken from the 
water bath with the certified sensor.

2. Position the sensors next to each other as close as pos-
sible (without contacting each other) and completely 
immersed. Stir or circulate the water bath and allow at 
least 2 minutes for the temperature to stabilize.

3. Without removing the sensors from the refrigerated 
water bath, record the sensor measurements to the near-
est 0.01°C or the maximum resolution of the displays.

4. Record three measurements at least 1 minute apart from 
each other within a 5-minute span for each sensor.

5. Calculate the mean of the three temperature measure-
ments for each sensor then compare the mean value of 
the traceable sensor with the certified sensor.
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Cer�fied Sensor – Carries a current cer�ficate of NIST traceability from a laboratory cer�fied to 
calibrate temperature sensors to NIST standards. Has accuracy specifica�ons. See sec�on 2.1 Defini�ons.

Traceable Sensor – Has a documented comparison against a cer�fied sensor at no less than five
points between 0 and 40°C annually and two points no more than 6 months from the five-point 
verifica�on. Must undergo a one-point verifica�on with a cer�fied sensor immediately prior to data 
collec�on. Has accuracy specifica�ons. See sec�on 2.1 Defini�ons.

Verified Sensor – Is used for data collec�on, discrete or con�nuous, and has been compared to a 
cer�fied or traceable sensor at points bracke�ng the range of use annually. Must undergo a one-point 
verifica�on with a cer�fied or traceable sensor immediately prior to data collec�on. See sec�on 2.1 
Defini�ons.
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Figure 6.1–1. Relations of the sensor types defined in section 2.1.



6  Chapter A6.1.  Temperature

6. Repeat steps 1–5 in 15°C, 25°C, 30°C, and 40°C 
water baths.

7. Identify sensors that are within ±0.2°C of the certified 
sensor for all points checked as “traceable” with the 
verification date, and certifier’s initials. If a sensor does 
not check to within ±0.2°C of the certified sensor for all 
points checked, it cannot be labeled and used as a trace-
able sensor. Verify traceable sensors at a minimum of 
every 6 months. Document the results in the calibration 
and maintenance logbook or electronic log.

2.3. Maintenance, Cleaning, and Storage

Digital thermometers and temperature sensors need 
proper maintenance, storage, and cleaning procedures to 
prevent them from becoming damaged or otherwise out of 
calibration. Digital thermometers can become damaged by 
excessive heat, cold, vibration, shock, cable and connection 
damage, and water intrusion into the readout case. Many 
digital thermometers are not water resistant or waterproof. 
The ends of some cabled sensors may not be waterproof 
or intended for complete immersion. Most certified digital 
thermometers are certified as a unit containing the sensor and 
readout device together. Replacing one or the other component 
may negate the certification, requiring recertification. It is 
important to be familiar with and to follow the manufacturer’s 
instructions for use and care.

• Check manufacturer’s instructions for the temperature 
sensor’s depth limit, if it has one, and compatibility 
with corrosive solutions. Avoid submerging the sensor 
past its depth limit or in corrosive solutions unless 
compatibility is confirmed by the manufacturer.

• Digital thermometers should not be submerged in wat
unless the manufacturer affirms that they are water-
proof. Do not allow any liquid to enter open jacks that 
are part of some digital thermometers.

• Keep thermometers clean.

• Clean thermometer sensors with a soft cloth dipped 
in a mild solution of warm water and non-phosphate 
detergent.

• If the digital thermometer sensor and case needs to 
be disinfected, use a weak (0.005 percent) bleach 
solution or a wipe containing bleach.

• Do not autoclave temperature sensors (unless auto-
claving is sanctioned by the manufacturer).

• If your digital thermometer has a detachable sensor 
with a plug termination, periodically wipe off or 
clean the sensor contacts. Dirty, loose, or corroded 
contacts can affect temperature readings.

• Blot the thermometer sensor dry after use.

• Store digital thermometers securely when not in use.

• Keep digital thermometers in a protective case stored 
in a clean, dry, climate-controlled area when not in 
use. Each thermometer sensor and case must be free 
of sand and debris. Avoid storage in vehicles.

• Keep digital thermometers dry and in a protective 
case during transit to prevent excessive vibration.

• Check the batteries of digital thermometers for 
proper voltage and replace regularly. Be sure the bat-
tery compartment is clean and dry.

A separate logbook or electronic log for recording repair, 
maintenance, and calibration history information is required to 
be maintained for each piece of field equipment or replaceable 
sensor that stores calibration information within the sensor’s 
internal processor. The logbook should travel with the equip-
ment or be accessible through electronic means. The pages of 
a paper logbook should be prenumbered consecutively. Do not 
skip or tear out pages. Water-resistant paper is recommended. 
Paper logbooks are available to USGS personnel only through 
One-Stop shopping (https://1stop.usgs.gov/; item Q609FLD).

USGS personnel are encouraged to use electronic 
rather than paper field notes to increase efficiency and 
minimize transcription errors. Office of Water Quality 
Technical Memorandum 2016.09 (U.S. Geological Survey, 
2016) recommends that all water-quality records, including 
logbooks, be collected electronically wherever feasible and 
specifies requirements for electronic records.

3.0. Calibration Verification of 
er Temperature Sensors

Temperature sensor and digital thermometer calibration 
differ from the process by which a pH or conductivity sensor 
is adjusted until the accuracy of its performance conforms 
to that of an accepted calibration standard. For temperature 
sensors, calibration refers to a verification of calibrated accu-
racy at a range of temperatures covering the expected or actual 
range of use or deployment. The verification comparison is 
done with a certified or traceable thermometer or sensor. A 
traceable classification for a temperature sensor can be accom-
plished by following the procedures in section 2.2 Establishing 
and Maintaining a Traceable Sensor. A new sensor is required 
to be checked against a certified or traceable sensor at points 
covering the range of expected temperature measurements 
using a water bath, before the sensor is used to collect envi-
ronmental data. Calibration verification of sensors collecting 
data for USGS publication is required to be performed every 
12 months through one of the following two methods. Both 
methods are acceptable and neither method is preferred.

htt ps://1stop .usgs.gov
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Method 1.—The annual, required, verification is 
performed in a laboratory setting using a water bath by 
comparison with a certified or traceable sensor as described 
in section 3.2 Calibration Verification in a Laboratory Using 
a Water Bath. The water temperature range for verifications 
must bracket and include points that represent the range 
expected to be measured in the field. See section 3.1 
Determination of Points for Sensor Calibration Verification to 
determine the range and number of verification points.

Method 2.— The annual verification requirement for 
deployed temperature sensors is met by performing a veri-
fication during each site visit throughout the year or field 
deployment period by comparison with a certified or traceable 
temperature sensor, in situ, and is an ongoing process for the 
annual temperature cycle. If this option is chosen, consult 
section 2.2 Establishing and Maintaining a Traceable Sensor 
and section 3.3 In Situ Calibration Verification of Sensors. 
Many traceable sensors may be established for use in cali-
bration verifications. In situ verifications must be within the 
range of ambient temperatures for the site. See section 3.1 
Determination of Points for Sensor Calibration Verification 
to determine the range and number of verification points. The 
methods and results of the sensor verification process must be 
documented and readily available.

In addition to the requirements for annual calibration 
verification, if a traceable or verified sensor is used to collect 
data, it must be checked against a certified sensor at one point, 
immediately before the field trip. This 1-point comparison can 
be done during calibrations of other sensors or as a stand-alone 
comparison.

Sensor verifications must be documented in the sensor 
logbook be it paper or electronic and may be duplicated with 
the data in a database or data release. Verification documenta-
tion is required to include the make, model, serial number, and 
verification water temperature measurements from the verified 
sensor and certified or traceable sensor.

3.1. Determination of Points for Sensor 
Calibration Verification

The points chosen for calibration verification are 
required to cover the range of expected or actual measure-
ments. For verification of a new sensor, the requirements for 
the range and number of points chosen are the same as for 
annual calibration verification, however the range of expected 
temperature measurements must be known in order to satisfy 
the requirements. If the range of expected measurements is 
not known, the full range of the sensor (0–40°C) should be 
checked to ensure the calibration verification is sufficient to 
provide traceability of the measurements through the entire 
range eventually measured.

The minimum number of verification points is two. 
The verification points must be ±2°C of the minimum and 
maximum and ±4°C of the mean of the annual range. The 
verification points must be at least 2°C apart for sensors 
measuring small annual ranges. The points should be no more 
than ±4°C apart unless the sensor measures or will measure 
large annual ranges. For such sensors, verification points could 
be as much as ±10°C apart. The maximum number of points 
required is five. Quarterly checks of deployed sensors should 
satisfy the requirements for range and number of verification 
points.

The following are examples that show how to determine 
the minimum number of acceptable points for verifying 
temperature sensors for three annual ranges. These examples 
are idealized and simplified. All possible annual ranges cannot 
be covered by them. Consult a water-quality specialist if the 
site to be measured falls outside of the requirements or you are 
unsure how to determine the points for calibration verification.

• If the annual range of measurements at a site is 4°C and 
12°C, the mean is 8°C. Two points verified at 6°C and 
10°C satisfy the requirements because those points are 
±2°C of the maximum and minimum and within ±4°C 
of the mean of the annual range. Because they are 4°C 
apart, the points satisfy the requirement that they be at 
least 2°C apart.

• If the annual range of measurements at a site is 2°C and 
14°C, the mean is 8°C. Points verified at 4°C, 8°C and 
12°C satisfy the requirements because those points are 
±2°C of the minimum and maximum, are ±4°C of the 
mean, and are ± 4°C of each other.

• If the annual range of measurements at a site is 6°C 
and 38°C, the mean is 22°C and the range of measure-
ment is 32°C. The maximum number of points required 
is five. Points verified at 8°C, 18°C, 26°C, 30°C, and 
36°C satisfy the requirements because those points are 
±2°C of the minimum and maximum, are ±4°C of the 
mean, are no more than 10°C apart, and are equally 
spaced about the range to provide no more than five 
total points. Note that this example provides an espe-
cially wide range of measurement for an annual period.

3.2. Calibration Verification in a Laboratory 
Using a Water Bath

This procedure is for calibration verification of sen-
sors when equipment is removed from service and taken to a 
laboratory away from the field site. Note that if only a couple 
of points are necessary for verification, the in situ procedure 
using a traceable sensor (section 3.3 In Situ Calibration Verifi-
cation of Sensors) may be a better option.
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3.2.1. Calibration Verification Using a 
Refrigerated Water Bath

1. Immerse the sensors to be verified and the certified 
or traceable sensor in a refrigerated bath with water 
close to the temperature of the first verification point 
determined using the procedure outlined in section 
3.1 Determination of Points for Sensor Calibration 
Verification. Be sure the temperature of the water bath is 
equilibrated and stable. There should be no positive or 
negative trends in temperature readings taken from the 
water bath with the certified or traceable sensor.

2. Position the sensors next to each other as close as 
possible (without contacting each other) and completely 
immersed. Stir or circulate the water bath and allow at 
least 2 minutes for the temperature to stabilize.

3. Without removing the sensors from the refrigerated 
water bath, record the sensor measurements to the 
nearest 0.01°C or the maximum resolution of the 
displays.

4. Record three measurements at least 1 minute apart from 
each other within a 5-minute span for each sensor.

5. Calculate the mean of the three temperature 
measurements for each tested sensor then compare the 
mean value with the certified or traceable sensor.

6. Repeat steps 1–5 for the other points to be verified

7. Identify sensors’ accuracy with difference in reference 
to the certified or traceable sensor with verification date, 
accuracy of the sensor, and certifier’s initials. Verify 
sensors for field data collection at least once every 12 
months. Document the results in the calibration and 
maintenance logbook or electronic log.

3.2.2. Calibration Verification When a 
Refrigerated Water Bath is Not Available

This procedure is limited to points of 0°C (ice and deion-
ized water [DIW] bath), room temperature (20–25°C), and 
points above room temperature using a circulated heated water 
bath. If the sensor to be verified is used mainly in a range 
between 0°C and 25°C, checking in a laboratory without a 
refrigerated water bath will not be adequate to represent the 
range of expected use. It will be necessary to use the in situ 
temperature verification procedures in section 3.3 In Situ 
Calibration Verification of Sensors.

3.2.2.1. Calibration Verification at 0°C
For a verification at a true reading of 0°C, it is necessary 

to use ice made with DIW in a bath of DIW. If a verification 
at a temperature near but not at 0°C is required, ice made with 

DIW in a bath of DIW is not required. Ice made with tap water 
in a bath of tap water may be substituted.
1. Freeze several ice cube trays filled with DIW. Access to 

an ice machine connected to a DIW water supply will be 
helpful for checking large equipment.

2. Fill a container of suitable size for the sensor 
verification about three-quarters full of deionized 
ice. The verification container can be as small as a 
1,000-milliliter Dewar flask or larger if needed. Add 
chilled DIW to the container to nearly full capacity 
allowing room for displacement of the equipment to 
be verified. If using a smaller size container, it may be 
helpful to place the container of ice-DIW mixture in a 
larger, insulated container such as a cooler.

3. Completely immerse the certified or traceable sensor 
in the ice-DIW mixture. Make sure the temperature is 
uniform by stirring the mixture and checking at several 
locations within the bath with the certified or traceable 
sensor. Do not use the sensor to stir the bath. There 
should be no positive or negative trends in temperature 
readings taken from the water bath with the certified or 
traceable sensor. If there are trends in the readings or the 
bath temperature is not uniform, it may be necessary to 
stir more, add more ice, insulate the bath, or relocate the 
bath to an area of more constant ambient temperature.

4. Completely immerse the sensors to be verified into 
the bath with the certified or traceable sensor. Be sure 
the temperature of the water bath is equilibrated and 
stable. There should be no positive or negative trends in 
temperature readings taken from the water bath with the 
certified or traceable sensor.

5. Position the sensors next to each other as close as 
possible (without contacting each other). Stir or circulate 
the water bath and allow at least 2 minutes for the 
temperature to stabilize.

6. Without removing the sensors from the water bath, 
record the sensor measurements to the nearest 0.01°C or 
the maximum resolution of the displays.

7. Record three measurements at least 1 minute apart from 
each other within a 5-minute span for each sensor.

8. Calculate the mean of the three temperature 
measurements for each tested sensor then compare the 
mean value to the certified or traceable sensor.

9. Document the sensors' accuracy with difference in 
reference to the certified or traceable sensor in the 
calibration and maintenance logbook or electronic log. 
Entry should include the verification date, the accuracy 
of the sensor, and the certifier's initials.
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3.2.2.2. Room Temperature or Above Calibration 
Verification

For a “room temperature” verification (about 20–25°C), 
the goal is to set up and maintain a bath of uniform ambient 
temperature. This procedure is recommended to be performed 
indoors, in a climate controlled or temperature stable area. 
An insulated container such as a cooler can be used with or 
without a circulator.
1. Fill a container of suitable size for the sensor 

verification about three-quarters full with water. An 
insulated container such as a Dewar flask or cooler is 
recommended. The verification container filled with 
water can be packed inside an outer container or box 
with insulation. Place the verification container in 
a climate-controlled room away from drafts, vents, 
windows, doors, and harsh lights.

2. Completely immerse the certified or traceable sensor in 
the water. Make sure that the temperature is uniform by 
stirring and checking at several locations within the bath 
with the certified or traceable sensor. The temperature 
should be constant. No positive or negative trends in 
temperature change should be detected within several 
minutes of equilibration. Depending on the starting 
temperature of the water, it may take several hours 
for the water in the container to equilibrate to ambient 
temperature.

3. Immerse the sensors to be verified into the water with 
the certified or traceable sensor.

4. Position the sensors next to each other as close as 
possible (without contacting each other). Stir or circulate 
the water bath and allow at least 2 minutes for the 
temperature to stabilize.

5. Without removing the sensors from the water bath, 
record the sensor measurements to the nearest 0.01°C or 
the maximum resolution of the displays.

6. Record three measurements at least 1 minute apart from 
each other within a 5-minute span for each sensor.

7. Calculate the mean of the three temperature 
measurements for each tested sensor then compare the 
mean value to the certified or traceable sensor.

8. Document the sensors' accuracy with difference in 
reference to the certified or traceable sensor in the 
calibration and maintenance logbook or electronic log. 
Entry should include the verification date, the accuracy 
of the sensor, and the certifier's initials.

For verification points greater than room temperature 
(about 20–25°C), use the same procedure as for the room 
temperature bath. If the verification container is small enough, 
it can be placed on a hot plate set on low and stirred with a 
magnetic stir bar. If the container is larger, a heater circulator 

can be used in the container to provide a water bath of 
constant suitable temperature. Heater circulators are avail-
able from scientific equipment suppliers and can usually be 
clamped to the side of a container to make a water bath.

3.3. In Situ Calibration Verification of Sensors

These procedures are for calibration verification of tem-
perature sensors when equipment is not removed from service. 
Calibration verification in this case takes place throughout the 
year and range of temperatures at the field site accomplished 
by comparison of the sensor to be verified against a certi-
fied or traceable sensor. Groundwater and surface water sites 
visited throughout the year spaced at quarterly intervals should 
capture the range of temperatures of the site. This approach 
may not be applicable for all sites, especially nonflowing sites. 
See section 3.1 Determination of Points for Sensor Calibration 
Verification and section 2.2 Establishing and Maintaining a 
Traceable Sensor.

3.3.1. Surface Water In Situ Calibration 
Verification

This procedure can be used to verify the calibration of a 
deployed surface water temperature sensor where the sensor is 
left at the field site and checked against a certified or traceable 
sensor during site visits.
1. Completely immerse the certified or traceable sensor 

and the field sensor and position the sensors next to 
each other as close as possible (without contacting each 
other). The sensors should be in a flowing section of the 
water body but not in direct sunlight, if possible.

2. Allow the sensors to equilibrate for at least 2 minutes. 
There should be no positive or negative trends in 
temperature readings taken with the certified or traceable 
sensor.

3. Without removing the sensors from the water, record 
the sensor measurements to the nearest 0.01°C or the 
maximum resolution of the displays.

4. Record three measurements at least 1 minute apart from 
each other within a 5-minute span for each sensor.

5. Calculate the mean of the three temperature 
measurements for the tested sensor then compare the 
mean value with the certified or traceable sensor.

6. Document the sensors' accuracy with difference in 
reference to the certified or traceable sensor in the 
calibration and maintenance logbook or electronic log. 
Entry should include the verification date, the accuracy 
of the sensor, and the certifier's initials.
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3.3.2. Groundwater In Situ Calibration 
Verification

These procedures can be used to verify the calibration of 
deployed groundwater temperature sensors. The sensors are 
left at the field site and checked against a certified or trace-
able sensor during site visits. Removing equipment from a 
well (or other field service), can mix the well water column 
and may require recalibration for other parameters, such as 
groundwater level or water-quality parameters. These disad-
vantages often make in situ calibration of groundwater sensors 
more practical.

3.3.2.1. Pumping Groundwater Calibration Verification
For groundwater in situ calibration verification, a pump-

ing method can be employed using an insulated bucket or 
other suitable container. The temperature sensor comparison to 
a certified or traceable sensor is made above land surface and 
allows immediate reinstallation of the verified sensor.
1. Place a 1-gallon bucket in a box packed with insulation. 

A cooler partially filled with water can be used for 
multiparameter instruments. Place the container in an 
area where the temperature is constant such as the shade 
or a ventilated vehicle.

2. Pump water from the well into the bucket. Immerse 
the certified or traceable sensor and the sensor to be 
verified next to each other as close as possible (without 
contacting each other). Continue to pump water until 
the temperature in the bucket stabilizes.  Pump water in 
the bucket at a flowrate suitable to keep the temperature 
constant.  The bucket will be overflowing with water 
during this procedure. Alternatively, if the site is a water-
supply well, water can be supplied to the bucket by a 
hose from a spigot instead of a separate pump.

3. Allow the sensors to equilibrate for at least 2 minutes. 
Be sure the temperature of the water bath is equilibrated 
and stable. There should be no positive or negative 
trends in temperature readings taken from the water bath 
with the certified or traceable sensor.

4. Without removing the sensors from the bucket, record 
the sensor measurements to the nearest 0.01°C or the 
maximum resolution of the displays.

5. Record three measurements at least 1 minute apart from 
each other within a 5-minute span for each sensor.

6. Calculate the mean of the three temperature 
measurements for the tested sensor then compare the 
mean value with the certified or traceable sensor.

7. Document the sensors' accuracy with difference in 
reference to the certified or traceable sensor in the 
calibration and maintenance logbook or electronic log. 

Entry should include the verification date, the accuracy 
of the sensor, and the certifier's initials.

3.3.2.2. Downhole Groundwater Calibration Verification
For groundwater in situ calibration verification, a 

downhole method can be employed. This procedure involves 
lowering a certified or traceable sensor to the same level as the 
deployed sensor to be verified. This procedure causes mini-
mal disruption to the well water column and data collection 
activities.
1. Lower a portable and waterproof certified or traceable 

sensor to the exact depth of the sensor to be verified, 
such as a pressure transducer.  For a pressure transducer 
used to measure depth-of-water, the depth of the 
pressure sensor below the measuring point is the offset 
used to calibrate the water level.  The difference in depth 
between the temperature sensor and pressure sensor 
on the pressure transducer must be considered.  This 
distance is often not available and should be determined 
and documented before the initial deployment. 

2. Wait until the temperature measurements change less 
than 0.2°C every 5 minutes in both the certified or 
traceable sensor and the sensor to be verified.  Be sure 
the temperature is equilibrated and stable. There should 
be no positive or negative trends in temperature readings 
taken with the certified or traceable sensor.

3. Without moving the sensors, record the sensor 
measurements to the nearest 0.01°C or the maximum 
resolution of the displays.

4. Record three measurements at least 1 minute apart from 
each other within a 5-minute span for each sensor.

5. Calculate the mean of the three temperature 
measurements for the tested sensor then compare the 
mean value with the certified or traceable sensor.

6. Document the sensors' accuracy with difference in 
reference to the certified or traceable sensor in the 
calibration and maintenance logbook or electronic log. 
Entry should include the verification date, the accuracy 
of the sensor, and the certifier's initials.

4.0. Measurement
Air and water temperature should be measured and 

recorded whenever water-quality samples are collected. 
Water temperature must always be measured in situ or in a 
well-designed groundwater flow-through cell and in a man-
ner that ensures that the measurement accurately represents 
the intended sample conditions. Procedures in this chapter for 
measuring air and water temperature are for attended, discrete 
measurements. Sensors classified as certified, traceable, or 
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verified may be used so long as the accuracy and precision 
requirements of the project are met and the sensor compari-
sons and verifications described in sections 2.1 Definitions, 
2.2 Establishing and Maintaining a Traceable Sensor, and 3.0 
Calibration Verification of Temperature Sensors are met.

4.1. Air

Sensors used to measure water temperature may not be 
well suited to measurement in air. Equilibration time for a 
sensor in air is longer than it is in water. Equipment, including 
multiparameter instruments, with embedded sensors suitable 
for measurement and deployment in water may require long 
equilibration times in air. Measure the air temperature as close 
as possible to the time when the temperature of the water 
sample is measured. Measure air temperature using a dry, veri-
fied temperature sensor.
1. Place or hang the sensor about 5 feet above the ground 

in a shaded area that is protected from strong winds but 
open to air circulation. In addition to avoiding direct 
sunlight, avoid areas of possible radiant heat effects, 
such as metal walls, rock exposures, or sides of vehicles.

2. Allow 3–5 minutes for the sensor to equilibrate, then 
record the temperature and time of day.

a. Record the temperature to the nearest 0.01°C or 
the maximum resolution of the display.

b. Record three measurements at least 1-minute 
apart from each other within a 5-minute span.

c. Take the median of the temperature measure-
ments for reporting.

3. Report routine air temperature measurements to the 
nearest 0.1°C.

4.2. Water

4.2.1. Surface Water
The reported surface-water temperature must be mea-

sured in situ—do not measure temperature on subsamples 
from a sample compositing device. Measure temperature in 
such a manner that the mean or median temperature at the time 
of observation is represented (consult NFM 6.0, fig. 6.0–1). 
Record any deviation from this convention in the database and 
report it with the published data.

• Making a cross-sectional temperature profile first, 
to determine the temperature variability of the 
stream section, is recommended. A hand-held digital 
thermometer or multiparameter instrument works best 
for this purpose.

• To determine which sampling method to use, examine 
the cross-sectional profile and consider study objectives 
(see NFM 6.0).

• Measure temperature in those sections of the stream 
that represent most of the water flowing in a reach. 
Do not make temperature measurements in or directly 
below stream sections with turbulent flow or from the 
stream bank (unless this specifically represents the 
intended condition to be measured).

1. Use a sensor that has been verified within the past 12 
months using the procedure outlined in section 3.0 
Calibration Verification.

2. Record on field forms or electronic records the 
temperature variation from the cross-sectional profile, 
and the sampling method selected.

• Flowing, shallow stream.—Wade to the location(s) 
where temperature is to be measured. To prevent 
erroneous readings caused by direct solar radiation, 
stand so that a shadow is cast on the site for 
temperature measurement.

• Stream too deep or swift to wade.—Measure 
temperature by lowering the sensor from a bridge, 
cableway, or boat. Standalone temperature sensors 
are typically light weight and may need to be 
attached to a weighted cable. Do not attach a weight 
directly onto the sensor or sensor cable.

• Still-water conditions.—Measure temperature at 
multiple depths at several points in the cross section 
according to project objectives for the site.

3. Immerse the sensor in the water to the correct depth and 
hold for no less than 60 seconds, or according to the 
manufacturer’s guidelines, until the sensor equilibrates 
thermally. The sensor must be immersed properly while 
measuring the temperature; this might require attaching 
the sensor to a weighted cable.

4. Record the temperature reading of the display—do not 
remove the sensor from the water. When using a digital 
thermometer or multiparameter instrument, wait until 
the readings stabilize to within 0.2°C, then record the 
median of approximately the last five values. Record the 
readings to the maximum resolution of the display.

5. Remove the temperature sensor from the water, rinse it 
thoroughly with deionized water, blot it dry, and store it. 
See section 2.3 Maintenance, Cleaning, and Storage for 
more details.

6. Record the stream temperature on field forms or elec-
tronic records. Determine the values as follows (see 
NFM A6.0, fig. 6.0-1):
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• In still water.—Median of three or more sequential 
values.

• For equal-discharge increments (EDI).—Mean 
value of subsections measured (use median value if 
measuring one vertical at the centroid of flow).

• For equal-width increments (EWI).—Mean or 
median value of subsections measured.

4.2.2. Groundwater
Measurements of groundwater temperature must be made 

downhole or with a flowthrough system at the end of purging 
to ensure that the temperature measured accurately repre-
sents ambient aquifer water conditions (consult NFM A6.0 
for guidance). Do not report a temperature value measured 
from a bailed groundwater sample. Select either the down-
hole or flowthrough-chamber sampling system (see NFM 6.0, 
fig. 6.0–6) and record the method used.
1. Use a sensor that has been verified within the past 12 

months using the procedure outlined in section 3.0 
Calibration Verification.

2. Prepare the instruments for either the downhole or the 
flowthrough-chamber system.

• Downhole system.—Lower the sensor in the well 
to just below the pump intake (the intake location 
depends on the sampling objectives).

• Flowthrough-chamber system.—Install the sensor 
in the chamber so it is immersed according to 
manufacturer’s instructions. The pump tubing 
from the well to the chamber should be as short as 
possible, out of direct sunlight, insulated, and off the 
ground. Keep the chamber out of direct sunlight and 
excessive wind.

3. Begin water withdrawal from the well. Allow the 
temperature sensor to equilibrate with groundwater 
temperature for no less than 60 seconds or in accordance 
with the manufacturer’s guidelines; record the readings 
and time intervals throughout the period of purging.

4. Toward the end of purging, record five or more 
sequential measurements, spaced at increments of 3 to 5 
minutes or more. Record the readings to the maximum 
resolution of the display.

• If the temperature is stable within the 0.2°C 
criterion, report the median of the final five 
measurements to the nearest 0.1°C (see NFM 6.0, 
table 6.0–1).

• If the stability criterion has not been met, extend the 
purge time and consult the well-purging objectives 
of the study. Report the median of the last five (or 
more) sequential measurements and record any 
instability on field forms.

5. Remove the temperature sensor from the water, rinse it 
thoroughly with deionized water, blot it dry, and store it. 
See section 2.3 Maintenance, Cleaning, and Storage for 
more details.

5.0. Troubleshooting
Contact the equipment manufacturer if the suggestions 

on table 6.1–1 fail to resolve the problem, or if additional 
information is needed. There are very few problems with tem-
perature sensors and digital thermometers that can be solved in 
a field setting. The best practice is to have new, verified water 
temperature sensors available to replace malfunctioning field 
sensors. Be sure to follow manufacturer’s recommendations 
for cleaning and troubleshooting in general.

• Check the voltage of the batteries.

• Start with good batteries in instruments and carry 
spares.

6.0. Reporting
USGS temperature measurements should be stored in 

the National Water Information System (NWIS) database 

Table 6.1–1. Troubleshooting guide for temperature measurements.
Symptom Possible cause and corrective action

The sensor does not read accurately • Dirty sensor—remove dirt and oil film.

• Weak batteries—replace with new batteries.

• Calibration expired—verify or recertify.
Erratic sensor readings • Bad or dirty connection at meter or sensor connections—tighten or clean the connections.

• Break in the cables—replace cables, which may require recertification.

• Weak batteries—replace with new batteries.
Readings are slow to stabilize • Dirty sensor—clean the sensor to remove dirt and oily film.
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(U.S. Geological Survey, undated). These data may be pub-
lished as the verified negative or positive value measured.

At the time of writing (2024), NWIS (Aquarius Time 
Series and Aquarius Samples) is undergoing system changes 
that should allow the data to be stored with its associated 
uncertainty. When NWIS can store uncertainty, it is to be 
stored with the data in the form of metadata (like ±0.2°C) or 
the manufacturer’s stated accuracy that is verified through the 
procedures in section 3.0 Calibration Verification. Until NWIS 
can store the uncertainty of the data, only data that are verified 
as accurate to less than or equal to ±0.2°C should be stored 
in NWIS. Data not verified as accurate to less than or equal 
to ±0.2°C should be published as a USGS data release with 
its associated verified uncertainty. Temperature data may be 
stored in the database unrounded. Unrounded temperature data 
in the database will be rounded when retrieved for publication.

Report only those surface water temperature values 
that were measured in situ and groundwater values 
measured in a flowthrough chamber or downhole.
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