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3     SOP #16

This Standard Operating Procedure (SOP) 
describes the procedures for verifying and 
validating the working project database 
for the SCPN Water Quality Monitoring 
Program. Data verification is the process 
of ensuring that the data entered into the 
database are true to the data on the field 
data sheets; data validation is the process of 
checking data for completeness, structural 
integrity, and logical consistency. Both qual-
ity assurance steps must be done after every 
field season’s data have been entered into the 
database and before the data can be marked 
as certified.

To ensure that only quality data are included 
in reports and other project deliverables, the 
data certification step is a requirement for all 
tabular and spatial data.  The steps that are 
required to ensure the data are ready to be 
certified are different.  Both are described 
below.

1 Tabular data
The data manager and project lead cooper-
ate to ensure the steps of data verification 
and validation are accomplished, and any 
errors or irregularities in the data identi-
fied, documented, and corrected, when 
appropriate. 

1.1 Data verification
The goal of data verification is to ensure 
data are accurately transferred from the data 
sheets to the database.  The water quality 
database application incorporates quality 
assurance strategies designed to improve 
data quality. Wherever possible, drop-down 
list options and value range tests have been 
incorporated into individual fields within the 
data tables help to minimize the potential for 
data entry errors and/or the transcription of 
erroneously recorded data.

It is still possible for input or transcription 
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errors to occur, however, so a visual review 
of the entered data is still considered neces-
sary. However, because there is no way to 
automate this process, data verification is 
accomplished by a second person reviewing 
the data and comparing the database values 
against those on the field data-sheets.  Ideally 
this task is performed by someone who par-
ticipated in data collection, or who is familiar 
with the project and data, but not the same 
person who initially entered the data.

1.2 Data validation 
Once the data is verified, the database will 
be validated to make sure the data make 
sense and are clean, complete, and useful. 
The process is amenable to automation, 
although a fair amount of human oversite is 
still required.  

The Water Quality database is validated 
using R-scripts (R Core Team 2014) (Figure 
16.1). These scripts first perform a systematic 
check of each table field looking for miss-
ing values. They then summarize the data 
in a variety of ways (Figures 16.2–16-3) that 
identify missing data, out of range values, 
and logical errors in the data that were not 

captured by the value range restrictions 
and automated checks implemented in the 
database, or the verification process. These 
scripts also perform such tasks as summa-
rizing the number of samples per park or 
sample site, the distribution, maximum, and 
minimum of continuous values, plotting 
the relationships between correlated values, 
confirming consistency of linear values, etc. 

As errors and missing data are discovered, 
the data manager and project staff work to-
gether to correct and document any changes. 
Once approved, the annual dataset is marked 
as certified, and is ready to be used.

1.3 Data certification
Data certification is a benchmark in the 
project information management process 
that indicates that: 1) the data are complete 
for the period of record; 2) they have un-
dergone and passed the quality assurance 
checks of verification and validation; and 3) 
they are appropriately documented and in a 
condition for analysis, archiving, posting and 
distribution as appropriate. Certification is 
not intended to imply that the data are com-
pletely free of errors or inconsistencies that 

Figure 16.1. Sample R Validation report.
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may or may not have been detected during 
quality assurance reviews. 

In collaboration with the IMD Central Of-
fice, SCPN is in the process of establishing 

Figure 16.2. Example of data summary table in R.

Figure 16.2. Example of a graphical summary of the data in R. 
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specific data certification processes that 
will be implemented in the near future.  As 
recently announced revisions to the IMD 
data certification guidance are completed, a 
more detailed Quality Assurance Plan will be 
developed for this protocol to include: data 
quality objectives, required QA/QC proce-
dures, and how QA/QC data will be used to 
improve overall data quality.

1.4 Data modification 
Any changes to the data that result in dis-
crepancies between the values in the data-
base and the data sheet are tracked in tbl_ 
DBChanges and are identified by the table 
level unique ID. In addition, the master 
database is under version control, so that any 
changes made after certification are tracked. 
This allows any previous changes to be re-
versed or the state of the data at any point in 
time to be recreated. 

2 Geospatial data
The project lead and GIS specialist work 
together to review the surveyed coordinates 
and other geospatial data for accuracy. The 
purpose of this joint review is to make sure 
that geospatial data are complete and reason-
ably accurate, and also to determine which 
coordinates will be used for subsequent 
mapping and field work.  A certification pro-
cedure is being developed for the geospatial 
data as well.
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