
U.S. Department of the Interior
U.S. Geological Survey

Techniques and Methods 3–A25

Prepared in cooperation with the National Park Service

Monitoring Stream Temperatures— 
A Guide for Non-Specialists

Chapter 25 of 
Section A, Surface-Water Techniques 
Book 3, Applications of Hydraulics



Cover:
Upper left: East Pinnacles Creek looking north along The Pinnacles, Sierra National Forest, California.
Center: Sycan River looking upstream, Fremont National Forest, Oregon.
Lower right: Big Sawmill Creek looking upstream, Arc Dome Wilderness, Toiyabe National Forest, Nevada.
All photographs by Michael Heck, U.S. Geological Survey.



Monitoring Stream Temperatures— 
A Guide for Non-Specialists

By Michael P. Heck, Luke D. Schultz, David Hockman-Wert, Eric C. Dinger, and 
Jason B. Dunham

Chapter 25 of
Section A, Surface-Water Techniques
Book 3, Applications of Hydraulics

Prepared in cooperation with the National Park Service

Techniques and Methods 3–A25

U.S. Department of the Interior
U.S. Geological Survey



U.S. Department of the Interior
RYAN K. ZINKE, Secretary

U.S. Geological Survey
William H. Werkheiser, Deputy Director  
      exercising the authority of the Director

U.S. Geological Survey, Reston, Virginia: 2018

For more information on the USGS—the Federal source for science about the Earth, its natural and living  
resources, natural hazards, and the environment—visit https://www.usgs.gov or call 1–888–ASK–USGS.

For an overview of USGS information products, including maps, imagery, and publications,  
visit https://store.usgs.gov.

Any use of trade, firm, or product names is for descriptive purposes only and does not imply endorsement by the 
U.S. Government.

Although this information product, for the most part, is in the public domain, it also may contain copyrighted materials 
as noted in the text. Permission to reproduce copyrighted items must be secured from the copyright owner.

Suggested citation:
Heck, M.P., Schultz, L.D., Hockman-Wert, D., Dinger, E.C., and Dunham, J.B., 2018, Monitoring stream 
temperatures—A guide for non-specialists: U.S. Geological Survey Techniques and Methods, book 3, chap. A25, 
76 p., https://doi.org/10.3133/tm3A25.

ISSN 2328-7055 (online)

http://www.usgs.gov
http://store.usgs.gov


16  Monitoring Stream Temperatures—A Guide for Non-Specialists

Standard Operating Procedure (SOP) 2—Calibration Check of Data Loggers

Overview

7KLV�623�GHVFULEHV�KRZ�WR�GHWHUPLQH�LI�GDWD�ORJJHUV�DUH�PHDVXULQJ�WHPSHUDWXUH�WR�WKH�PDQXIDFWXUHU¶V�VSHFL¿FDWLRQV��
7KHUPRPHWHUV�DQG�GDWD�ORJJHUV�FDOLEUDWHG�WR�1DWLRQDO�,QVWLWXWH�RI�6WDQGDUGV�DQG�7HFKQRORJ\��1,67��VWDQGDUGV�DUH�DYDLODEOH�
DV�D�UHIHUHQFH�GXULQJ�FDOLEUDWLRQ�FKHFNV��$�FDOLEUDWLRQ�FKHFN�VKRXOG�EH�SHUIRUPHG�EHIRUH�DQG�DIWHU�HDFK�¿HOG�LQVWDOODWLRQ��
$�FDOLEUDWLRQ�FKHFN�FRQVLVWV�RI�GDWD�ORJJHUV�UHFRUGLQJ�IRU����PLQXWHV�LQ�D�ZDUP�EDWK�����PLQXWHV�LQ�D�FRRO�GRZQ�EDWK��DQG�
���PLQXWHV�LQ�D�FROG�EDWK��7KLV�SURFHVV�WDNHV�DSSUR[LPDWHO\���GD\V�WR�FRPSOHWH�

Supplies

• 7KUHH�FRROHUV��ODUJH�HQRXJK�WR�VXEPHUJH�DOO�GDWD�ORJJHUV�ZLWK�ORWV�RI�H[WUD�URRP�

• &UXVKHG�LFH

• 2QVHW�GDWD�ORJJHUV��8����3HQGDQW��RU�7LGEL7�

• 2QH�1,67�FDOLEUDWHG�2QVHW�GDWD�ORJJHU��XVH�VDPH�PRGHO�DV�GDWD�ORJJHU�EHLQJ�FDOLEUDWHG��8����3HQGDQW��RU�7LGEL7�

• ��LQ��FDEOH�]LS�WLHV��������LQ��ZLGWK�

• ���R]�OHDG�¿VKLQJ�ZHLJKWV��RQH�ZHLJKW�SHU�¿YH�GDWD�ORJJHUV�

• 2QVHW�2SWLF�86%�%DVH�6WDWLRQ

• &283/(5��$��IRU�3HQGDQW���&283/(5��&��IRU�8�����RU�&283/(5��'��IRU�7LGEL7�

• &RPSXWHU�ZLWK�+2%2ZDUH�3UR�VRIWZDUH�LQVWDOOHG

Procedure—Day 1

1. )LOO�D�FRROHU�DERXW�����IXOO�ZLWK�URRP�WHPSHUDWXUH�
ZDWHU�DQG�SODFH�LQ�D�FOLPDWH�FRQWUROOHG�URRP��VWDEOH�DLU�
WHPSHUDWXUH���7KLV�ZLOO�EH�WKH�ZDUP�EDWK�

2. /DXQFK�GDWD�ORJJHUV��LQFOXGLQJ�WKH�1,67�FDOLEUDWHG�GDWD�
ORJJHU�IROORZLQJ�SURFHGXUHV�LQ�623���

a. 6HOHFW�D����VHFRQG�ORJJLQJ�LQWHUYDO�

E�� 6HW�D�GHOD\HG�VWDUW�WR�D�WLPH�WKH�IROORZLQJ�GD\�WR�
LQLWLDWH�WKH�FDOLEUDWLRQ�FKHFN��0DNH�VXUH�WKHUH�LV�
DGHTXDWH�WLPH�WR�VHW�XS�WKH�FROG�EDWK��VHH�VWHS����

c. &UHDWH�D�&DOLEUDWLRQ�&KHFN�:RUNVKHHW�WR�UHFRUG�
EDVLF�PHWULFV�IURP�WKH�FDOLEUDWLRQ�SURFHVV��¿J�����).

G�� 5HFRUG�WKH�VHULDO�QXPEHU�DQG�EDWWHU\�YROWDJH�DW�WKH�
WLPH�RI�ODXQFK�RQ�&DOLEUDWLRQ�&KHFN�:RUNVKHHW�

Serial# CalibVoltage CalibDate CalibMeanWarmDiff CalibMeanCoolDiff
10768077 3.57 ��������� 0.068 0.011
10768078 3.54 ��������� 0.057 0.084
10768079 3.57 ��������� 0.019 0.000
10768080 3.57 ��������� 0.043 0.055

Figure 2.1. Example of a Calibration Check Worksheet.
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3. %XQGOH�¿YH�GDWD�ORJJHUV�DQG�RQH����R]�OHDG�¿VKLQJ�
ZHLJKW�WRJHWKHU�ZLWK�DQ���LQ��FDEOH�]LS�WLH��¿J�����).

4. ,PPHUVH�ODXQFKHG�DQG�EXQGOHG�GDWD�ORJJHUV�LQ�WKH�ZDUP�
EDWK�DQG�OHW�VRDN�RYHUQLJKW�ZLWK�WKH�FRROHU�OLG�RSHQ�
(¿J�����).

Figure 2.2. Photograph showing five Onset U22 data loggers 
attached to a 10-ounce lead weight with an 8-inch cable/zip 
tie.

Figure 2.3. Photograph showing four clusters of five 
Onset U22 data loggers soaking in a warm bath used for a 
calibration check.

Procedure—Day 2

1. $SSUR[LPDWHO\���KRXUV�EHIRUH�WKH�GDWD�ORJJHUV�DUH�
SURJUDPPHG�WR�VWDUW�UHFRUGLQJ��¿OO�WZR�FRROHUV�DERXW�����
IXOO�ZLWK�FUXVKHG�LFH�DQG�DGG�FROG�ZDWHU�XQWLO�LFH�LV�IXOO\�
LPPHUVHG�LQ�ZDWHU�

a. &ORVH�OLGV�DQG�SODFH�FRROHUV�LQ�WKH�VDPH�FOLPDWH�
FRQWUROOHG�URRP��VWDEOH�DLU�WHPSHUDWXUH���7KHVH�ZLOO�
EH�WKH�FRRO�GRZQ�DQG�FROG�EDWKV�

2. )ROORZLQJ�WKH�GHOD\HG�VWDUW�WLPH��EHJLQ�PL[LQJ�WKH�ZDWHU�
LQ�WKH�ZDUP�EDWK�E\�JHQWO\�OLIWLQJ�RQH�HQG�RI�WKH�FRROHU�
DERXW���LQ��RII�WKH�JURXQG�

a. 5HSHDW�WKLV�PL[LQJ�OLIWLQJ�DERXW�HYHU\����VHFRQGV�IRU�
���PLQXWHV��7KH�ZDUP�FDOLEUDWLRQ�FKHFN�LV�FRPSOHWH�

3. 5HPRYH�WKH�EXQGOHG�GDWD�ORJJHUV�IURP�WKH�ZDUP�EDWK�
DQG�LPPHUVH�WKHP�LQ�WKH�FRRO�GRZQ�EDWK��RQH�RI�WKH�WZR�
FRROHUV�ZLWK�LFH�ZDWHU�PL[WXUH��DQG�FORVH�WKH�OLG�

a. 7KH�FRRO�GRZQ�EDWK�LV�XVHG�WR�GHFUHDVH�WKH�
WHPSHUDWXUH�RI�WKH�GDWD�ORJJHUV�IURP�URRP�
WHPSHUDWXUH�WR�DERXW����&�

E�� /HDYH�WKH�GDWD�ORJJHUV�LQ�WKH�FRRO�GRZQ�EDWK�IRU�
���PLQXWHV�

4. 5HPRYH�WKH�EXQGOHG�GDWD�ORJJHUV�IURP�WKH�FRRO�GRZQ�
EDWK�DQG�LPPHUVH�WKHP�LQ�WKH�FROG�EDWK�

5. 0L[�WKH�ZDWHU�LQ�WKH�FROG�EDWK�E\�JHQWO\�OLIWLQJ�RQH�HQG�
RI�WKH�FRROHU�DERXW���LQ��RII�WKH�JURXQG�

a. 5HSHDW�WKLV�PL[LQJ�OLIWLQJ�DERXW�HYHU\����VHFRQGV�IRU�
���PLQXWHV��7KH�FROG�FDOLEUDWLRQ�FKHFN�LV�FRPSOHWH�

6. 2SHQ�+2%2ZDUH�3UR�VRIWZDUH�DQG�GRZQORDG�DOO�WKH�
DYDLODEOH�XSGDWHV��LI�SURPSWHG��¿J�����) 

7. &RQQHFW�WKH�2QVHW�2SWLF�86%�EDVH�VWDWLRQ�WR�
WKH�FRPSXWHU�XVLQJ�WKH�86%�FDEOH�DQG�FRQQHFW�D�
WHPSHUDWXUH�GDWD�ORJJHU�WR�WKH�EDVH�VWDWLRQ�XVLQJ�WKH�
DSSURSULDWH�FRXSOHU��VHH�623��²/DXQFKLQJ�'DWD�
/RJJHUV).

Figure 2.4. Screen capture showing HOBOware Pro Check for 
Updates? dialog box.
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8. 5HDGRXW�GDWD�IURP�WKH�GDWD�ORJJHU�

a. 2Q�WKH�+2%2ZDUH�3UR�PDLQ�VFUHHQ��FOLFN�Device > 
Readout… (¿J�����).

E�� :KHQ�SURPSWHG�WR�VWRS�WKH�GDWD�ORJJHU��FOLFN�Stop 
(¿J�����).

c. &UHDWH�RU�VHOHFW�D�IROGHU�LQ�ZKLFK�WR�VWRUH��KRER�¿OH��
WKHQ�VDYH�WKH�¿OH��¿J�����).

G�� 7KH�Plot Setup�GLDORJ�ER[�ZLOO�RSHQ��¿J��������7R�
VHH�D�JUDSK�RI�WKH�GDWD��FOLFN Plot��RWKHUZLVH�FOLFN�
Cancel. 

Figure 2.5. Screen capture showing HOBOware Pro screen capture showing the Readout… option under the Device menu.

Figure 2.6. Screen capture showing HOBOware Pro Stop 
Logger? dialog.
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Figure 2.7. Screen capture showing HOBOware Pro Save dialog box to determine the 
location to save a .hobo file.

Figure 2.8. Screen capture showing 
HOBOware Pro Plot Setup dialog box.
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9. 'LVFRQQHFW�WKH�WHPSHUDWXUH�GDWD�ORJJHU�IURP�WKH�EDVH�
VWDWLRQ��$IWHU�UHDGRXW��WKH�GDWD�ORJJHU�ZLOO�EH�VWRSSHG�
DQG�ZLOO�UHPDLQ�LQ�WKDW�VWDWH�XQWLO�LW�LV�ODXQFKHG�DJDLQ�

10. &RQWLQXH�WR�UHDGRXW�GDWD�IURP�DOO�GDWD�ORJJHUV��UHSHDW�
VWHS����

11. $IWHU�UHDGLQJ�RXW�GDWD�IURP�DOO�GDWD�ORJJHUV��H[SRUW�WKH�
�KRER�¿OHV�DV��FVY�¿OHV�

a. 2Q�WKH�+2%2ZDUH�3UR�PDLQ�VFUHHQ��FOLFN� 
Tools > Bulk File Export > Select Files to 
Export… (¿J�����).

E�� %URZVH�WR�WKH�IROGHU�ZKHUH�WKH��KRER�¿OHV�ZHUH�
VDYHG�DQG�VHOHFW�DOO�WKH�¿OHV��WKHQ�FOLFN�Continue 
(¿J������). 

c. ,Q�WKH�Choose Export Folder�GLDORJ�ER[��FKRRVH�
IROGHU�ZKHUH�WR�VDYH�WKH��FVY�¿OHV��WKHQ�FOLFN�Export 
(¿J������). 

G�� :KHQ�WKH�EXON�¿OH�H[SRUW�LV�FRPSOHWH��FOLFN�OK.

12. &ORVH�+2%2ZDUH�3UR�

13. 2SHQ�0LFURVRIW�([FHO�RU�RWKHU�VSUHDGVKHHW�DSSOLFDWLRQ�
DQG�FUHDWH�D�EODQN�ZRUNVKHHW�

Figure 2.9. Screen capture showing HOBOware Pro Select Files to Export… option under the Bulk File Export option, under the 
Tools menu.
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Figure 2.10. Screen capture showing HOBOware Pro Select Files to Export dialog box to select .hobo files to export as .csv files.

Figure 2.11. Screen capture showing HOBOware Pro Choose Export Folder dialog box to determine the location to export .csv 
files.



22  Monitoring Stream Temperatures—A Guide for Non-Specialists

14. 2SHQ�DQ�H[SRUWHG��FVY�¿OH��VHOHFW�WKH�'DWH�7LPH�DQG�
7HPS�FROXPQV��¿J���������WKHQ�FRS\�DQG�SDVWH�WKHP�LQWR�
FROXPQV�$�%�RI�WKH�EODQN�ZRUNVKHHW�

15. &RQWLQXH�RSHQLQJ��FVY�¿OHV�DQG�FRS\LQJ�DQG�SDVWLQJ�WKH�
'DWH�7LPH�DQG�7HPS�FROXPQV�LQWR�&�'��(�)��*�+��DQG�
VR�RQ��¿J���������7KH�KHDGHU�RI�WKH�7HPS�FROXPQ�FDQ�EH�
VKRUWHQHG�WR�WKH�GDWD�ORJJHU�VHULDO�QXPEHU��6�1���

16. &UHDWH�D�JUDSK�RI�GDWD�ORJJHU�WHPSHUDWXUHV�RYHU�WLPH��
0DNH�VXUH�WR�LQFOXGH�WKH�1,67�FDOLEUDWHG�GDWD�ORJJHU�
WHPSHUDWXUHV��¿J������).

a. ,GHQWLI\�D�SHULRG�GXULQJ�WKH�ZDUP�EDWK�RI�JUHDWHU�
WKDQ�RU�HTXDO�WR����PLQXWHV�����FRQVHFXWLYH�UHFRUGV��

ZKHQ�GDWD�ORJJHUV�DUH�UHFRUGLQJ�KLJKO\�FRQVLVWHQW�
WHPSHUDWXUHV��,W�LV�QRW�SRVVLEOH�WR�TXDQWLI\�ZKDW�
³KLJKO\�FRQVLVWHQW´�WHPSHUDWXUHV�DUH�EHFDXVH�WKH�
SXUSRVH�RI�WKH�FDOLEUDWLRQ�FKHFN�LV�WR�ORRN�IRU�GDWD�
ORJJHUV�WKDW�DUH�GLVVLPLODU�IURP�RQH�DQRWKHU�DQG�WKH�
1,67�GDWD�ORJJHU��7KDW�FRPSDULVRQ�QHHGV�WR�EH�PDGH�
ZKHQ�DOO�GDWD�ORJJHUV�DUH�UHFRUGLQJ�WHPSHUDWXUHV�LQ�D�
KLJKO\�FRQVLVWHQW�RU�VLPLODU�ZD\�

E�� ,GHQWLI\�D�SHULRG�GXULQJ�WKH�FROG�EDWK�RI�JUHDWHU�
WKDQ�RU�HTXDO�WR����PLQXWHV�����FRQVHFXWLYH�UHFRUGV��
ZKHQ�GDWD�ORJJHUV�DUH�UHFRUGLQJ�KLJKO\�FRQVLVWHQW�
WHPSHUDWXUHV�

Figure 2.12. Screen capture showing exported .csv file opened in Microsoft® Excel with the Date Time and Temp columns highlighted.
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Figure 2.13. Screen capture showing Microsoft® Excel with Date Time and Temp columns copied from five .csv files and pasted into 
one worksheet. The Temp column headers were shortened to the data logger serial number (S/N).

Figure 2.14. Graph showing temperature over time for five Onset U22 data loggers. During 
this calibration check, data loggers were placed in a warm bath before moving to a cool-
down and then a cold bath. Periods of 15 minutes (90 consecutive records) with highly 
consistent temperatures are highlighted by red ovals.
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17. &DOFXODWH�WKH�PHDQ�WHPSHUDWXUH�IRU�HDFK�GDWD�ORJJHU�
GXULQJ�WKDW�SHULRG�RI����FRQVHFXWLYH�UHFRUGV�GXULQJ�WKH�
ZDUP�FDOLEUDWLRQ�

18. &DOFXODWH�WKH�GLIIHUHQFH�EHWZHHQ�WKH�PHDQ�WHPSHUDWXUH�
RI�WKH�1,67�FDOLEUDWHG�GDWD�ORJJHU�DQG�PHDQ�WHPSHUDWXUH�
RI�HDFK�LQGLYLGXDO�GDWD�ORJJHU�

a. 5HFRUG�WKDW�YDOXH�XQGHU�&DOLE0HDQ:DUP'LII�LQ�WKH�
&DOLEUDWLRQ�&KHFN�:RUNVKHHW��¿J�����).

19. &DOFXODWH�WKH�PHDQ�WHPSHUDWXUH�IRU�HDFK�GDWD�ORJJHU�
GXULQJ�WKDW�SHULRG�RI����FRQVHFXWLYH�UHFRUGV�GXULQJ�WKH�
FROG�FDOLEUDWLRQ�

20. &DOFXODWH�WKH�GLIIHUHQFH�EHWZHHQ�WKH�PHDQ�WHPSHUDWXUH�
RI�WKH�1,67�FDOLEUDWHG�GDWD�ORJJHU�DQG�PHDQ�WHPSHUDWXUH�
RI�HDFK�LQGLYLGXDO�GDWD�ORJJHU�

a. 5HFRUG�WKDW�YDOXH�XQGHU�&DOLE0HDQ&RRO'LII�LQ�WKH�
&DOLEUDWLRQ�&KHFN�:RUNVKHHW��¿J�����).

21. 'LDJQRVH�GDWD�ORJJHUV�ZLWK�LQDFFXUDWH�PHDVXUHPHQWV�E\�
LGHQWLI\LQJ�GDWD�ORJJHUV�ZLWK�D�&DOLE0HDQ:DUP'LII�RU�
D�&DOLE0HDQ&RRO'LII�WKDW�LV�RXWVLGH�WKH�PDQXIDFWXUHU�
VSHFL¿HG�WROHUDQFH�

a. $FFXUDF\�IRU�2QVHW�8���DQG�7LGEL7�GDWD�ORJJHUV�LV�
�������&�

E�� $FFXUDF\�IRU�2QVHW�3HQGDQW�GDWD�ORJJHUV�LV�
�������&�

c. 6HQG�LQDFFXUDWH�GDWD�ORJJHUV�EDFN�WR�WKH�
manufacturer.

Procedure—Post-Field Installation Calibration 
Check

1. 3HUIRUP�D�FDOLEUDWLRQ�FKHFN�DIWHU�D�GDWD�ORJJHU�KDV�EHHQ�
FROOHFWHG�IROORZLQJ�¿HOG�LQVWDOODWLRQ�WR�FKHFN�IRU�GULIW�LQ�
WHPSHUDWXUH�PHDVXUHPHQWV�

a. 'ULIW�RI�WHPSHUDWXUH�PHDVXUHPHQWV�LV�ZKHQ�SUH��DQG�
SRVW�¿HOG�FDOLEUDWLRQ�FKHFNV�DUH�QRW�HTXDO�

2. 7HVW�WKH�DFFXUDF\�RI�D�GDWD�ORJJHU�IROORZLQJ�LWV�¿HOG�
LQVWDOODWLRQ�E\�SHUIRUPLQJ�WKH�VDPH���GD\�FDOLEUDWLRQ�
FKHFN�DV�RXWOLQHG�KHUH�
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