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[bookmark: _Toc82776195]Introduction
This document provides instructions for the use of the Excel workbook to manage and summarize data generated by temperature loggers, and conduct screening and clean-up of suspect values (EPA 2014, see below). 
The workbooks are based on annual templates (one for a 365-day year, another for a 366-day year) that consist of 16 worksheets. 
· The first worksheet contains instructions (see README worksheet below),
· two are for data entry (i.e., data from logger files in text format–INPUT, information on a logger and data screening–INPUT COMMENTS), and
· the remainder summarize temperature data on a monthly basis

[bookmark: _Toc82776196]Data Processing Steps

1. The Date Time and Temperature fields from a logger file(s) are pasted into the appropriate fields of the INPUT worksheet on the record corresponding to date and time of the initial logger reading. 
2. The Date Time and Temperature fields are then visually scanned to ensure that they correspond to the Date and Time fields of the template. 
3. The year that the logger was deployed, logger serial number, and daily values from the last six days of the previous year (to calculate 7-day moving averages) are entered.
4. The range, maximum, and minimum daily values for the annual summary and monthly summary worksheets can be inspected to identify spurious values and periods that temperature loggers deployed in water may have been dewatered (e.g., daily range > 10°C or water temperatures similar to those of the air in summer). 
5. The INPUT COMMENTS worksheet is used provide information on logger deployment and data clean-up conducted. 
As a rule, all temperature records were deleted from the INPUT worksheet for entire days for which daily range exceeded 10°C in water, partial days (e.g., day of deployment/download), and days with a spurious value. Additional data screening and clean-up (e.g., EPA 2014) can be documented in other comments.
The full deployment of a temperature logger is expected to be up to five years, with an annual template file for each year. 
Template Files:
	CURRENT-365-Day Temperature Template.xlsx 

	Template Temperature Workbook summarizes temperature data from a logger (30 minute interval inputs) during a 365-day year (i.e., not a leap year) and allows data clean-up. 

	CURRENT-366-Day Temperature Template.xlsx 

	Template Temperature Workbook summarizes temperature data from a logger (30 minute interval inputs) during a 366-day year (i.e., a leap year) and allows data clean-up. 

	CURRENT-1HOUR-365 Day-template.xlsx 

	Template Temperature Workbook summarizes temperature data from a logger (60 minute interval inputs) during a 365-day year (i.e., not a leap year) and allows data clean-up. 

	CURRENT-1HOUR-366 Day template.xlsx 

	Template Temperature Workbook summarizes temperature data from a logger (60 minute interval inputs) during a 366-day year (i.e., a leap year) and allows data clean-up. 
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[bookmark: _Toc82776198]Raw Data File Processing
Annual temperature template files are saved in Excel using the year, location code, and logger S/N as the file name (e.g., 2020-MUDDSA01W-10563324.xlsx). 
[image: ]
[Add more detail on file naming conventions and descriptions from ServCat SOP]
[bookmark: _Toc82776199]Cleaned Data
To generate a file of the entire deployment of a logger at a location, the Date Time and Temperature fields from the initial deployment are copied to a new Excel file to which fields from subsequent years are appended. These deployment files use logger S/N, years deployed, and “cleaned” as file names (e.g., 10563324_2015_2020_cleaned.xlsx), and are saved in both Excel and text formats.
[image: ]
[Add more detail on file naming conventions and descriptions from ServCat SOP]
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README worksheet with instructions for use of Excel workbook to summarize temperature data from a logger during a 365-day year and allows data clean-up (CURRENT-365-Day Temperature Template.xlsx)*, with example entries for Muddy Creek.
365-Day Temperature Template.xlsx  (mod. 2021-01-22 S. Lohr) Workbook summarizes temperature data from a logger during a 365-day year (i.e., not a leap year) and allows data clean up.
Download template workbooks from ServCat, here.
Each worksheet in the workbook is described below:
	Tab
	WORKSHEET
	DESCRIPTION

	1
	README
	Instructions and descriptions.

	2
	INPUT COMMENTS
	Enter details about logger deployment and data clean up (i.e., whether partial days or dates on which logger was deployed or downloaded have been deleted, inspected and adjusted data for D_range>10C in water deployments, etc.).

	3
	INPUT
	Allows input of data (cells shaded green) and calculates several summary variables.  Temperature must be recorded at 30-minute intervals, and data consist of date/time and temperature fields.
Export both fields as a txt or csv file from Onset software, and paste into columns C and D after matching the first record with the date and time in columns A and B.
Columns E-I are used to calculate daily values: mean, minimum, maximum, SD of mean, and range (max-min) based on the 48 records for each day.  The Julian date, date (m/d), and the four daily values are reported in columns J-P.
Seven-day moving averages for daily mean, minimum, and maximum are reported in columns Q-S.  To calculate these for data collected across two years, daily mean, minimum, and maximum of the preceding six days of the first year (i.e., December 26-31) are entered in cells V3:X8. The current year (second) and serial number of the logger are also entered.
Note that moving averages are based on fewer than 7 days following dates with missing or removed values in the preceding week.
Annual values are summarized in U12:AB22, and the number of days with data and number of days with daily range > 10 are reported, which can be used for data clean up.

	4-15
	JAN-DEC
	Each worksheet reports daily and seven-day moving average values for a month.  The monthly mean, minimum, maximum, and SD of the daily and weekly values of each variable are calculated (rows after the last day of the month).
An intent of these sheets are to assist in review for potential suspect values (e.g., a high daily range) that should be omitted.

	16
	MONTHLY SUMMARY
	All monthly values (from worksheets JAN-DEC) are compiled for ease of generating figures.



*NOTE: This file is not to be used for leap years. A similar workbook (CURRENT-366-Day Temperature Template.xlsx) is used to summarize temperature data from a logger during a 366-day leap year. Two files to summarize temperature data recorded hourly also are available (CURRENT-1HOUR-365 Day template.xlsx and CURRENT-1HOUR-366 Day template.xlsx).

Onset data files (recording on the half hour and consisting of two fields--Date/time and temperature (C)) are exported as txt or csv files. Data for a year, or a portion of a year, are pasted into the worksheet to calculate:
	Field
	Definition

	D_mean
	daily mean temperature

	D_min
	daily minimum temperature

	D_max
	daily maximum temperature

	D_sd
	SD of the daily mean

	D_range
	difference of daily max and min

	AWAT
	average weekly average temperature (seven-day moving average of daily means)

	AWMINT
	average weekly minimum temperature (seven-day moving average of daily mins)

	AWMT
	average weekly maximum temperature (seven-day moving average of daily maxs)
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Excel Workbook, Annual Temperature Template.
(Note: Temperature logger files (*.hobo) are exported from HOBOware Pro in text format with records consisting of two fields, Date Time and Temperature, and then pasted into the Annual Temperature Template Workbook matching the first logger record with the corresponding Date (MM/DD) and Time (HH:MM) fields of the Template. Data entry can only be made in worksheet cells with green fill. Use appropriate template file for either a 365-day or 366-day year.)

	Variable
	Units
	Description
	Comments

	Date Time 
	MM/DD/YYYY HH:MM
	Date time recorded by temperature logger
	INPUT worksheet, paste logger records

	Temp (°C)
	degrees C
	Temperature recorded by temperature logger
	INPUT worksheet, past logger records

	Insert D_Values from previous year
	degrees C
	Daily mean, minimum, and maximum temperatures for December 26–31 of preceding year
	INPUT worksheet, for moving average calculation through January 6 of current year, disregard if not applicable

	Insert Current year
	YYYY
	Year logger data collected
	INPUT worksheet, enter year

	Logger S/N
	text (8 numeric digits)
	Serial number of temperature logger
	INPUT worksheet, enter logger S/N

	Julian Date
	Integer
	Day of the year
	INPUT Worksheet, day of daily values

	Date
	MM/DD
	Month and day
	INPUT Worksheet, date of daily values

	D_mean
	degrees C
	Daily mean temperature
	INPUT Worksheet

	D_min
	degrees C
	Daily minimum temperature
	INPUT Worksheet

	D_max
	degrees C
	Daily maximum temperature
	INPUT Worksheet

	D_sd
	degrees C
	SD of the daily mean
	INPUT Worksheet

	D_range
	degrees C
	Difference of daily maximum and minimum
	INPUT Worksheet

	AWAT
	degrees C
	Average weekly average temperature (seven-day moving average of daily means)
	INPUT Worksheet

	AWMINT
	degrees C
	Average weekly minimum temperature (seven-day moving average of daily mins)
	INPUT Worksheet

	AWMT
	degrees C
	average weekly maximum temperature (seven-day moving average of daily maxs)
	INPUT Worksheet

	Annual Summary
	Degrees C
	Annual mean, minimum, maximum, and SD of daily and weekly values
	INPUT Worksheet

	# Days (N)
	Days
	Number of daily records 
	INPUT Worksheet, changes after data clean up

	#Days D_range > 10
	Days
	Number of days range (daily max-min) > 10 degrees
	INPUT Worksheet, changes after data clean up

	Deployed in air
	Y/N
	Logger location in air
	INPUT COMMENTS Worksheet

	Deployed in water
	Y/N
	Logger location in water
	INPUT COMMENTS Worksheet

	Omitted data for dates of deployment and downloading
	Y/N
	Indicates whether all partial days were removed from INPUT worksheet
	INPUT COMMENTS Worksheet, note data clean up performed

	Omitted data for dates where D_range > 10 C
	Y/N or N/A
	Indicates whether data on dates with daily range greater than 10 C were omitted
	INPUT COMMENTS Worksheet, note data clean up performed 

	Location description
	Text
	Note location details
	INPUT COMMENTS Worksheet

	Other comments
	Text
	Note logger condition, other data clean up performed on INPUT worksheet (e.g., omitted dates with spurious temperature values)
	INPUT COMMENTS Worksheet
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[bookmark: _Toc82776203]Data maintenance and Post-retrieval Procedures 
 Methods for data maintenance and post-retrieval procedures (from EPA 2014).
Current data (after all annual updates are complete?) should be posted to the ServCat Project. 
Maintain at least one year’s past backup, update Description to include prefix [OLD VERSION]
[Need more here]
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Example of INPUT COMMENTS worksheet for logger at Muddy Creek in 2020 (file: 2020-

MUDDSAO01W-10563324.xlsx).
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Example of INPUT worksheet for logger at Muddy Creek in 2020 (file: 2020-MUDDSAO01W-

10563324 .xlsx).

ot e 0 G 04 Gcer MmONOM D O G 034 Omee ANAT AWM AT
o el DM am um we e e cm o o
PR 50t em wa em e om am
IR SoW wm e we wm am Tm e
B ow B Un om e sm o om m 7w om
5w B U gm 0o e aw ow e Tm Tm
W BoUn o os oo o m m e
W on DU s o smoam om om am em
aowm el BoUm wm s v me o o e
Bl el Hodm bt b am om se o
5o Boum s e e aw om ue s om
Mo el BoUm o am o aw mm o am o o moam ome
R 3 Um e o lm e o sm e ne
S el DU m e e s oa e s e
5o el 5 Ub bm hn s e o sm e om
T 2 U s tm dm e om s
B sl B wm nm aw oo am mowm
Bl B Gn m tes b ses w e

o

e o b




image5.png
2.6. Quality Assurance and Control

Perform QA/QC procedures after data are offloaded to verify the quality of the data and to check
for potential errors. Document these procedures (e.g.. on a form like the one shown in Appendix
H). Any forms and other documentation should be organized, easily accessible. and archived in a
way that allows for safe. long-term storage. The series of data cleaning steps described in Section
2.6.2 can improve data quality, reduce the time and effort of data processing, and increase
collaboration and comparability across projects, streams, and regions (Sowder and Steele 2012).
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2.6.1. Mid- and post-deployment accuracy checks

After sensor data are downloaded. compare the instantaneous NIST-calibrated field thermometer
measurements from the mid-deployment checks to the corresponding sensor readings. The sensor
readings should not exceed the accuracy quoted by the manufacturer. If a sensor fails this check.
repeat the procedure. If it fails a second time, flag the data with an appropriate data qualifier. and
review the field notes to look for comments about situations that could cause the NIST-calibrated
field thermometer measurement to be faulty (e.g.. perhaps the crew could not take the
measurement in close proximity to the temperature sensor due to high flow conditions. or used
daylight savings time instead of standard time when recording the time of the measurement). If
no issues with the NIST-calibrated field thermometer measurement are documented, consider
replacing the sensor. After the sensors are retrieved and brought back to the office or laboratory,
conduct a post-deployment accuracy check on each sensor. using one of the pre-deployment
accuracy check procedures described in Section 2.2.1.

2.6.2. Error screening

Erratic readings with temperature sensors can occur for a number of reasons. including:

e they could become dewatered during low flow conditions

e high flow events could bury them in sediment

e high flow events could move them

e they could become fouled from debris, aquatic vegetation. or algae

e humans could cause interference

Therefore. a standard set of procedures should be performed to ensure the quality of the data and
make necessary corrections. A series of error screening checks based on guidance from Dunham
etal. (2005) and Sowder and Steel (2012) is described in Table 13, and Appendix H contains a
data screening checklist. The first step involves removing observations recorded before and after
the sensor is correctly positioned. This can be done via a visual inspection of data and by
referencing field notes indicating the exact times of deployment and recovery. While reviewing
the field notes, also look for comments about situations that could cause the sensor to record
questionable readings (e.g.. during a mid-deployment check. the sensor was found to be
dewatered or buried in the sand) and flag those data accordingly.

Next. plot all temperature measurements versus date/time and visually check the data. Look for
missing data and abnormalities, Consider plotting air and stream temperature on the same graph,
as well as stream temperature and stage (depth) data (if available). Specific errors to watch for
include missing data: a close correspondence between water and air temperature (this indicates
that the stream sensor might have been out of the water): and diel fluxes with flat tops (this
indicates that the sensor might have been buried in sediment). In addition. consider performing
the following optional checks: graphically compare data across sites: graphically compare data
across years (dramatically different data from one year indicates possible errors); graphically
compare with data from the nearest active weather station (if appropriate). If discrepancies occur,
use the plots to specify the time and duration of errors in the raw data files.
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Table 13. Error screening procedure (Dunham et al. 2005, Sowder and Steel 2012, Personal
communication, Michael Kashiwagi (MDDNR), April 17, 2014, Personal communication,
Dustin Shull (PADEP), February 2, 2014)

Task Procedure

Remove pre-and | e Use field notes indicating the exact times of deployment and recovery to
post-deployment remove observations recorded before and after the sensor is correctly
observations positioned in the stream channel.

e Plot individual data points versus date/time to look for missing data and
abnormalities

*  Graphically compare stream to air temperature (if available): a close
correspondence between water and air temperature is a strong indication that
the stream sensor was out of the water

e Optional: Graphically compare data across sites

Visual checks

o Optional: Graphically compare data across years: when data from one year
are dramatically different, data errors might be present

e Optional: Graphically compare with stage data (if available)

e Calculate upper and lower 5th percentiles of the data

®  Flag data points for potential errors if they:
Exceed a thermal maximum of 25°C*
Automated checks | © Esceed a thermal minimum of —1°C*
o Exceed a daily change of 10°C*
o Exceed the upper 5th percentile of the overall distribution
o Fall below the lower 5th percentile of the overall distribution
*These values should be adjusted to thermal limits appropriate for each location.

o

Additional checks are described in Table 13 and Appendix H. These include flagging data points
for potential errors if they fall outside expected thermal limits (e.g.. if water temperature
measurements exceed a thermal maximum of 25°C or a daily change of 10°C). Thresholds
should be adjusted to thermal limits that are appropriate for each site.

Various software applications can be used to help with the error screening checks. data
management. and calculation of various summary statistics. The software purchased with the
temperature sensors is likely to have some applications like this. Other options include free
applications that can be downloaded from the U.S. Forest Service, Rocky Mountain Research
Station stream temperature website (2014)

(http://www.fs. fed.us/rm/boise/ AWAE/projects/stream_temperature.shtml), which include a SAS
temperature data processing macro and the Thermo Stat 3 software package (Jones and Schmidt
2012). The Washington State Department of Ecology also has developed the Freshwater
Monitoring Unit (FMU) Access® Data Logger Database. available upon request (Ward 2011).

Errors should be addressed on a case-by-case basis. In general. three possible actions can be
taken: 1) leave data as is: 2) apply correction factor: or 3) remove data. If you are inexperienced
at addressing errors with continuous temperature data. consider seeking guidance from someone
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with more experience and consult references like Wagner et al. (2006). Table 14 provides a
general summary of different types of problems that can occur (e.g.. missing data, failed
accuracy check) and recommended actions for addressing them.

Table 14. General summary of different types of problems that can occur with continuous
temperature data and recommended actions for addressing them

Problem

Recommended action

Missing data

Leave blank

Water temperature sensor was
dewatered or buried in sediment for part
of the deployment period

Use the plot to determine the period during which the problem
occurred. Exclude these data from analyses.

Recorded values are off by a constant,
known amount (e.g.. due toa
calibration error)

Adjust each recorded value by a single, constant value within
the correction period.

A large amount of drift is present. It is
unknown when and by how much the
sensor was “off” (when drift occurs, the
difference between discrete
measurements and sensor readings
increases over time)

The data should be removed.

Discrepancy between sensor reading
and discrete measurement taken during
an accuracy or fouling check

General rules:

If the errors are smaller than the sensor accuracy quoted
by the manufacturer and cannot be easily corrected (e.g..
they are not off by a constant amount), leave the data as

is.

If the sensor fails a mid-deployment accuracy check,
review field notes to see if any signs of disturbance or
fouling were noted, and also look for notes about the
quality of the QA/QC measurement (e.g.. was the
measurement taken by a National Institute of Standards
and Technology [NIST] traceable or calibrated reference
thermometer? Did environmental conditions prevent the
measurement from being taken in close proximity to the
sensor?). Also check whether the same time setting was
used for both the sensor and discrete measurements
(daylight savings time vs. standard time). Based on this
information, use your best judgment to decide which
action is most appropriate (leave as is, apply correction, or
remove).

If a sensor fails a post-retrieval accuracy check, repeat the
procedure. If it fails a second time, use your best
judgment to decide which action (leave as is, apply
correction, or remove) is most appropriate.
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Corrections should not be made unless the cause(s) of error(s) can be validated or explained in
the field notes or by comparison with information from nearby stations. Accurate field notes and
accuracy check logs are essential in the data correction process. Any discrepancies should be
documented in your data file and any actions you take should also be carefully documented.

2.6.3. Record keeping

Even if the set of standardized procedures described in Section 2.6.2 is followed. the data
cleaning process is inherently subjective, so both the original and the cleaned data files should be
maintained and archived. Large amounts of stream temperature data will accumulate quickly so a
central database should be developed and maintained from the initial stages of monitoring. Any
changes you make to the data should be carefully documented. and all forms should be
organized, easily accessible, and archived in a way that allows for safe. long-term storage.
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Post-retrieval QA/QC procedures for temperature loggers (EPA 2014, Appendix H)

This appendix is organized into five sections:

Record keeping and data storage

Data evaluation

Application of data corrections

QA/QC checklist form for temperature sensor data
References

D w0 —

H1  Record keeping and data storage

*  Make sure you set up a good record keeping and data storage system. Large amounts
of data will accumulate quickly so a central temperature database should be developed
and maintained from the initial stages of monitoring. Also. all field and accuracy check
forms should be organized. easily accessible. and archived in a way that allows for safe,
long-term storage

* Original raw data files should be retained for all sites, and should be kept separate
from files in which data have been manipulated. The data should be accessible, since
someone may want to go back and calculate different metrics in the future.

o Carefully document these steps as well as any changes that you make to the data. The
checks can be conducted using a number of different software packages (e.g.. Microsoft

Excel, Hoboware, Aquarius).

H2  Data evaluation

Recommended steps:

1. Save the file that you are manipulating with a different file name so that you don’t
confuse it with the original raw data file.

2. Format the data so that it is easy to work with.

3. Trim data (as necessary) to remove measurements taken before and after the sensor is
correctly positioned.

4. Plot all of the measurements and visually check the data. Look for missing data and
abnormalities. Consider doing the following, as data permits:

* Plot air and stream temperature data on the same graph.
o Plot stream temperature data with stage data

Specific things to watch for:
e Missing data.
o A close correspondence between water and air temperature — this indicates
that the stream sensor may have been out of the water.
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o Diel fluxes with flat tops — this indicates that the sensor may have been buried in
sediment.

Optional

o Graphically compare data across sites

e Graphically compare data across years: when data from one year are
dramatically different, there may be errors.

o Graphically compare with data from the nearest active weather station. if
appropriate. The closest active weather stations can be located and the daily
observed air temperature data for those stations can be downloaded from websites
like the Utah State University Climate Server:
http://climate usurf.usu.edu/mapGUl/mapGUL php.

Additional checks (also optional)

o Ifusing MS Excel, use pivot tables to check for missing data. If a 30-minute
interval is used. there should be 48 measurements per day. If there are fewer (or
more) measurements than expected, check the original data and your field notes
and try and determine what might have caused this to occur.

o Flag data points for potential errors if they

o exceed a thermal maximum of 25°C*

o exceed a thermal minimum of —1°C*

o exceed a daily change of 10°C*

o exceed the upper 5th percentile of the overall distribution

o fall below the lower 5th percentile of the overall distribution
*These values should be adjusted to thermal limits appropriate for each location.

H3  Application of data corrections

Erratic readings with temperature sensors can occur for a number of reasons:

They may become dewatered during low flow conditions.

High flow events may bury them in sediment.

High flow events may move them.

They may become fouled from debris, aquatic vegetation, or algac.
Humans may cause interference.

Errors should be addressed on a case-by-case basis. In general. there are three possible actions:

1) Leave the data as is.
2) Apply the correction factor.
3) Remove the data.

If you are inexperienced at addressing errors with continuous temperature data, consider seeking
guidance from someone with more experience and consult references like Wagner et al.. 2006.
Table 14 in the report provides a general summary of the different types of problems that can
occur (e.g.. missing data, failed accuracy check) and recommended actions for addressing them.

H-3
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H4  QA/QC checklist form for temperature sensor data

Technician conducting QA/QC check:

Sensor S/N: Station number:
Water or air: Waterbody name:
Data trimming Date Time Technician

Programmed launclystart

Deployment start (in
position)

Out of position (e.g., data
download, maintenance)

Retrieval

Accuracy checks Pass/fail Notes

Pre-deployment

Mid-deployment

Post-deployment

Describe how you addressed questionable data

Did you save the original data (pre-'cleaned’)? If so, what is the file name and where is it located?

What is the file name of the ‘cleaned data’ and where is it located?

Did you back up both the original and ‘cleaned’ data files? If so. where are the back-up files
located?
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Checklist

Yes/No

Notes

Consistent units - did you check the units to
ensure that they were consistent throughout the
period of deployment (should be °C)?

Missing data - in the Notes field, describe how
you addressed these data and why you think they
occurred.

Trimming data - did you remove observations
that were recorded when the sensor was NOT
correctly positioned?

Graph - did you plot all individual data points and
look for abnormalities?

Graph - did you plot air and stream temperature
on the same graph and look for abnormalities?

Graph - did you plot stream temperature and
water level (if available) on the same graph and look
for abnormalities?

Graph - did you graphically compare data across
sites?

Graph — did you graphically compare data from the
same site across different years?

Graph — did you graphically compare with data from
the nearest active weather station?

Flags - did you flag values if they met the conditions
below? (If you used different thermal limits, cross out
the values below and write what you used)

Exceed a thermal maximum of 25°C

Exceed a thermal minimum of —1°C

Exceed a daily change of 10°C

Exceed the upper 5th percentile of the overall
distribution

Fall below the lower 5th percentile of the
overall distribution

T
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