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Methods Used to Create Wood-Pawcatuck  
Watershed Association Database and Reports 

Elise Torello, elise.torello@gmail.com 
 
 

1. Introduction 
 

The Wood-Pawcatuck Watershed Association (WPWA) has over 20 years of valuable water quality 
monitoring data collected from sites throughout the 300+ square mile watershed.  Water samples have 
been collected over the years through a volunteer sampling effort run by the University of Rhode Island 
Watershed Watch (URI WW) program.  URI WW also analyzed the water samples.  The data currently in 
the WPWA database span the years 1988 through 2009 and will continue to expand as new data are 
collected yearly.  Water monitoring data for the Coastal (West) and Saugatucket watersheds are stored 
in the database with ²t²!Ωǎ Řŀǘŀ for geographical clarity and continuity. 
 
In the past, all of the WPWA data had been stored in many MS Excel spreadsheets in various formats.  
The goal of the project described in this document was to:  1) compile all of the 20+ years of data into a 
MS Access database; 2) design simple, clear PDF reports showing multi-year tables and plots of the data 
for use by scientists and the public; 3) automate the production of these reports for easy yearly update; 
4) create a Google Map showing all of the 150+ current and legacy WPWA sampling stations as 
placemarks on the map;  5) link the data reports to the Google Map placemarks via sampling station 
άǇƻǊǘŀƭέ ǇŀƎŜs; and 6) achieve all of the previous goals in a way that makes maintenance and updates in 
the future as easy and painless as possible.   
 
Having the WPWA data in an Access database has several advantages:  the data are stored in one place 
in a consistent format; data can be readily sorted, sub-setted, reformatted, joined, plotted, summarized, 
updated, and reported; production of yearly updated reports can be automated to a large extent; data 
can be output back to Excel spreadsheets or other formats if desired.  Linking the PDF data reports to 
sampling site markers in a Google map also has several advantages:  adding spatial context to sampling 
data makes it easier to use and visualize; having an easy-to-use way for the public and scientists to 
access the data can help increase visibility and support for WPWA; people can use the aerial imagery in 
Google Maps to view the sampling sites and data relative to where they live and other surface features; 
many people are already familiar with using Google Maps and like using the interface; Google Maps is 
powerful, easy to use, fun, and free! 
 
This document describes the journey from goal (1) through goal (5), and will be updated as the WPWA 
database evolves. 

 
 
2. Creating the MS Access Database 
 
This section describes the steps taken to create the WPWA MS Access database.  Table 1 contains a brief 
glossary of terms for those unacquainted with database jargon. 
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Term Definition 

Table Object defined for storing data 

Query Object used for browsing, sorting, filtering, or joining data, producing a recordset 

Recordset Results from a queryτusers can treat them like a table, but they do not permanently 
exist in the database and are generated on the fly 

Record Also called row--all of the data related to a specific subject within a table, such as total 
phosphorus data for a particular sample 

Field Also called attribute or column, a specific piece of data within a row such as site 
number, concentration, etc. 

Join Linking tables or queries via their related data values (usually primary keys), such as site 
number and date 

Primary Key One or more fields in a table which, together, uniquely identify a data record 

Form Object designed mostly for data input or display, or to control application execution 

Report Object designed for formatting, printing, summarizing selected data 

SQL Structured Query Languageτlanguage used to write a query (needed in UNION queries) 

Macro Object defining actions to perform in response to a defined event (like clicking a button 
on a form) 

Visual Basic  Used to write functions or subroutines to perform custom procedures in the database 

Function, 
subroutine 

Visual Basic code that calculates and returns a value (function) or performs other 
actions (subroutine).  All data necessary to run the code are passed in as arguments. 

Argument Information provided to a Visual Basic function or subroutine for use by (within) the 
function or subroutine 

Table 1.  Database and programming terms used in this document. 
 

 
2.1. Gather Data and Create the Data Tables 
 
Microsoft Excel data files containing all of the WPWA data were gathered from Denise Poyer (WPWA), 
Linda Green, and Elizabeth Herron (both URI Watershed Watch).  These data were in a variety of 
ŦƻǊƳŀǘǎ ŀƴŘ ŎƻƴǎƛǎǘŜŘ ƻŦ άǊŀǿέ ŦƛŜƭŘ ŀƴŘ ƭŀōƻǊŀǘƻǊȅ Řŀǘŀ ŀǎ ǿŜƭƭ ŀǎ ȅŜŀrly data summaries.  For each 
year and sampling parameter, data were reformatted in Excel to allow them to be loaded into Access 
data tables.  ParamNum (parameter number, Table 2), SiteNum (sampling site number), and 
SamplingYear fields were added as primary keys that uniquely identify each data record.  SiteNums are 
always four digits.  Sampling sites with both shallow and deep samples have two SiteNums:  the first 
three digits are the same, but shallow samples are identified with a SiteNum ending in 0 while deep 
samples are identified with a SiteNum ending in 1.   
 
Once all of the data for a sampling parameter were ready, they were imported into a temporary Access 
table (one table per sampling parameter).  The format of these tables closely resembled the original 
9ȄŎŜƭ ǎǇǊŜŀŘǎƘŜŜǘǎ ƛƴ ŀ άƘƻǊƛȊƻƴǘŀƭΣέ ƻǊ άŦƭŀǘΣέ ŦƻǊƳŀǘΦ  ¢hat is, for each ParamNum, SiteNum and 
SamplingYear there is a May, June, July, August, September, and October field (Figure 1).   No calculated 
fields (means, for example) were imported. 
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ParamNum Parameter Units 

1 Chlorophyll a (digital) ug/L 

2 Dissolved Oxygen mg/L 

3 Secchi Depth M 

4 Nitrogen, Total ug/L 

5 Phosphorus, Total ug/L 

6 Phosphorus, Dissolved ug/L (ppb) 

7 Chloride mg/L 

8 Nitrogen, Ammonia Dissolved ug/L 

9 Nitrate + Nitrite, Dissolved ug/L (ppb) 

10 Ph S.U. 

11 Alkalinity mg/L 

12 Bacteria ς Enterococci MPN/100 mL 

13 Bacteria - Fecal coliform CFU 

14 Bacteria - E. coli CFU 

15 Calcium mg/L 

16 Magnesium mg/L 

17 Sodium mg/L 

Table 2.  ParamNum values for parameters sampled by WPWA.  Parameters in bold, italic font are the 
άŎƘŜƳƛǎǘǊȅέ ǇŀǊŀƳŜǘŜǊǎ ŀƴŘ ŀǊŜ ŀƭƭ ǇǊƻŎŜǎǎŜŘ ǘƘŜ ǎŀƳŜ ǿŀȅΦ  ¢ƘŜ ǘƘǊŜŜ ōŀŎǘŜǊƛŀ ǇŀǊŀƳŜǘŜǊǎ 

(underlined) are all processed the same way.  Secchi depth, chlorophyll a, and total phosphorus are 
processed separately.  There are no dissolved oxygen data currently in the database. 

 
 

 
Figure 1Φ  9ȄŀƳǇƭŜ ƻŦ άŦƭŀǘέ ŦƻǊƳŀǘ ǘŀōƭŜΦ 

 
 

2.2. Create ά±ŜǊǘƛŎŀƭέ MS Access Data Tables  
 
The Secchi disk and chlorophyll a data were already aggregated by season rather than being stored by 
month; therefore, they are permanently ǎǘƻǊŜŘ ƛƴ ǘƘŜƛǊ ƻǊƛƎƛƴŀƭ άŦƭŀǘέ ŦƻǊƳŀǘ tables (named Secchi and 
Chlorophyll, respectively).  However, the rest of the data tables were reformatted and Ŧƛƴŀƭ άǾŜǊǘƛŎŀƭ-
formatέ Access data tables were createdΦ  ! άǾŜǊǘƛŎŀƭέ ŦƻǊƳŀǘ ƻŦ ǎǘƻǊƛƴƎ Řŀǘŀ ƛǎ ǇǊŜŦŜǊŀōƭŜ ǘƻ ǘƘŜ άŦƭŀǘέ 
format for several reasons.   A vertical arrangement is more efficient since the horizontal format has a 
very large number of empty fields for months in which a sample was not collected for a SiteNum and 
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SamplingYear (the field exists whether or not there is a data value in itτnote the June, August, and 
September columns in Figure 1).  These empty fields are eliminated in the vertical format, since only 
ParamNum/ SiteNum/ SamplingYear/ SamplingMonth combinations with a data value are included.  In 
addition, the most effective way to create report pages containing calculated values (means, etc.), data 
tables, and charts in Access is using crosstab queries (crosstab queries are discussed further later on).  
However, to create a crosstab query, the data need to be in a vertical format.  Therefore, it was 
ŘŜǎƛǊŀōƭŜ ǘƻ ŎǊŜŀǘŜ ƴŜǿ άǾŜǊǘƛŎŀƭέ ǘŀōƭŜǎ ŦǊƻƳ ǘƘŜ άƘƻǊƛȊƻƴǘŀƭέ ǘŀōƭŜǎ ŦƻǊ ŎƻƴǎƛǎǘŜƴŎȅ ŀƳƻƴƎǎǘ 
parameters and efficiency/accuracy in data storage and reporting.   
 
The vertical tables were created from the flat tables using an append query called MakeVertical.  An 
append query selects data from one table or recordset and appends them to the end of another table.  
The query was run six times per flat table, each time extracting a different month of data, assigning the 
appropriate SamplingMonth value (5-10), and appending the resultant recordset to the vertical table. 
The resulting vertical table for each sampling parameter had a data record for each ParamNum, 
SiteNum, SamplingYear, and SamplingMonth (these four fields collectively creating the primary key), 
plus the original station name for QA/QC, a sample depth, and a data value (Figure 2).  Once the vertical 
tables were created, generating crosstab queries with summary data and pivotcharts of the data for 
inclusion in reports was much more straightforward, and thus less prone to error.   
 

 
Figure 2Φ  9ȄŀƳǇƭŜ ƻŦ ŀ άǾŜǊǘƛŎŀƭέ ǘŀōƭŜΦ 

 
Once all of the vertical data tables were created and quality-checked, the tables for individual chemistry 
parameters were concatenated into one table for all of the chemistry parameter data.  This table shares 
the same structure as the tables for the individual parameters and is named TBL_Chemistry_FINAL 
(Figure 3).  Storing all of the data with the same structure in the same data table is better database 
design, and allows the data reports for all of the parameters in this table to be generated using the same 
set of queries, forms, and reports. 
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Figure 3.  Final table containing chemistry data:  TBL_Chemistry_FINAL. 

 
Similarly, the three vertical bacteria data tables were concatenated into one table named 
TBL_Bacteria_Vertical_NUMERIC.  The bacteria data are stored separately from the chemistry data due 
to the different format of the data.  .ŀŎǘŜǊƛŀ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ƻŦǘŜƴ Ŏƻƴǘŀƛƴ ǎǇŜŎƛŀƭ ŎƘŀǊŀŎǘŜǊǎ ǎǳŎƘ ŀǎ άғέΣ 
άҔέΣ άϝέΣ άϤέΣ ŀƴŘ ά¢b¢/έ, which made it necessary to initially store the bacteria concentration data as 
text fields.  Unfortunately, this made plotting of the data impossible.  To allow plotting, the data were 
processed to create a numeric bacteria concentration field in the table in addition to the original text-
format field (as documentation for the numeric data values).  Further, since numeric values ranged from 
ōŜƭƻǿ ŘŜǘŜŎǘƛƻƴ όάғмέύ ǘƻ пуллҌ ƻǊ ά¢b¢/έ όǘƻƻ ƴǳƳŜǊƻǳǎ ǘƻ ŎƻǳƴǘύΣ ǘƘŜ ŘŜŎƛǎƛƻƴ ǿŀǎ ƳŀŘŜ ǘƻ ǎŜǘ ŀ 
maximum concentration for plotting (display) purposes only.  The maximum plotted concentration was 
decided to be twice the EPA or RI DEM limit for recreational contact (Denise Poyer, Program Director of 
WPWA, personal communication).  The maximum plotted value and EPA/DEM limit are prominently 
displayed in bold, red letters in the data report above the plot.  Placing an upper limit on the data in the 
plots made the bacteria plots much more readable and informative.  Other special characters in the data 
were handled for plotting purposes as follows: 
 

¶ άғмέΣ άғмлέΣ ŜǘŎΥ  tƭƻǘǘŜŘ ŀǎ ѹ ǘƘŜ ƴǳƳŜǊƛŎ ǇŀǊǘ ƻŦ ǘƘŜ ŦƛŜƭŘΦ  ¢Ƙƛǎ ƛǎ Ƙƻǿ ƻǘƘŜǊ άōŜƭƻǿ ŘŜǘŜŎǘƛƻƴέ 
values were handled in the database. 

¶ ά5Ǌȅέ ƻǊ ά[ŀƪŜ ŘǊȅέΥ  hƳƛǘǘŜŘ ǎƛƴŎŜ ƴƻ ǎŀƳǇƭŜ ǿŀǎ ŎƻƭƭŜŎǘŜŘΦ 

¶ άϤмнллέ ŜǘŎΥ  tƭƻǘǘŜŘ ǳǎƛƴƎ ǘƘŜ ƴǳƳŜǊƛŎ ǇŀǊǘ ƻŦ ǘƘŜ ŦƛŜƭŘ ŀǎ ǘƘŜ Řŀǘŀ ǾŀƭǳŜΦ 

¶ ¢ǿƻ ǾŀƭǳŜǎ ǎŜǇŀǊŀǘŜŘ ōȅ άΣέ ƻǊ άκέΥ  ¢ƘŜ ƳŜŀƴ ƻŦ ǘƘŜ ǘǿƻ ǾŀƭǳŜǎ ǿŀǎ plotted. 
 
The original concentrations, including text and special characters, are reported in tabular format on the 
bacteria reports along with the plots.   
 
The queries and temporary data tables used in generating the final vertical Access data tables were 
archived in a separate database (WPWA_Sampling_Data-ARCHIVE.accdb).  Keeping multiple copies of 
data is not generally a good idea, as updates made to data in one table will not be reflected in the other 
table(s); however, I was not comfortable deleting the raw data tables.  Currently, only the active, final 
data tables are in the master WPWA database (WPWA_Sampling_Data-MASTER.accdb)--these are the 
tables with which all future data work should be done. 
 

 
2.3. Additional MS Access Data Tables  
 
The overall list of data ǘŀōƭŜǎ ƛƴ ²t²!Ωs database is in Table 3.  The data tables (Chlorophyll, Secchi, 
TBL_Bacteria_Vertical_NUMERIC, and TBL_Chemistry_FINAL) have already been described above.  Two 
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tables, MasterSiteList and Watershed_Watch_Sites, contain important information about the sampling 
sites and are used in generating the data and sampling site reports (discussed later).  Two more tables, 
Param_Metadata and Param_Yearly_Metadata, contain information about the sampling parameters in 
the database.  Information in these two tables is incorporated into the data reports and will also be 
discussed later.   
 
Four tables, TBL_All_Data_Files_For_Site_Pages, TBL_One_Bacteria_For_Report, 
TBL_One_Bacteria_For_Report_Thresholds, and TBL_One_Param_For_Report, exist in an empty state 
except when they are being used during active report generation.  Some of the queries used during 
report production are very slow-running but would need to execute for each report page.  To speed up 
report output, these queries are run once and the results stored in tables for use during report 
generation.   Thus, a temporary table is filled by a query, the reports are generated, and then the table is 
emptied by another query when the reports are complete.  These temporary tables will be described in 
more detail later in this paper.   
 
The last table used in report generation is TBL_Thresholds, which contains important threshold values 
for some parameters.  These may be values that are transition points for trophic status (oligotrophic, 
mesotrophic, and eutrophic), US Environmental Protection Agency (US EPA) recreational contact limits 
for bacteria, Rhode Island Department of Environmental Management (RI DEM) limits for bacteria, etc.  
The values in this table are appended to the actual sampling data during report production in order to 
display threshold lines on the data plots.  This was a tricky process and is described in detail later. 
 

MS Access Table Description 

Chlorophyll Chlorophyll a data (flat format). 

Secchi Secchi disk data (flat format). 

TBL_Bacteria_Vertical_NUMERIC Bacteria (E. coli, Enterococci, and fecal coliform) final data 

TBL_Chemistry_FINAL Chemistry (nitrogen, phosphorus, pH/alkalinity, etc) data 

MasterSiteList 
Master list of all sampling sites and their attributes, 
including other adjacent watersheds. 

Watershed_Watch_Sites 
List of sampling sites provided by URI Watershed Watch.  
This list is not complete relative to MasterSiteList. 

Param_Metadata 
Metadata related to sampling parameters including units, 
descriptions, links to further info, etc. 

Param_Yearly_Metadata Year-specific metadata, such as detection limits, etc. 

TBL_All_Data_Files_For_Site_Pages 
Temporary table filled for use during sampling site report 
generation; otherwise, is empty. 

TBL_One_Bacteria_For_Report, 
TBL_One_Bacteria_For_Report_Thresholds 

Temporary tables filled for use during bacteria data report 
generation; otherwise, are empty. 

TBL_One_Param_For_Report 
Temporary table filled for use during chemistry data report 
generation; otherwise, is empty. 

Site_LatLon 
Contains original latitude/longitude data for sampling sites.  
These lat/longs may not be accurate and are not used! 

TBL_Thresholds 
Contains important data threshold values (for example, 
trophic status, EPA/DEM limits) for some parameters 

Table 3.  Tables in the final WPWA database. 
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3. Creating the Data Reports 

 
There were many steps involved in creating the WPWA data reportsτthey are described in this section.  
In order to make the generation of reports easy and automated for the end user of the database, some 
complicated database work and programming was necessary behind the scene.  I have done my best to 
describe the nasty guts of the system as clearly as possible, but I invite the reader to please email me 
(elise.torello@gmail.com) with any questions.   
 
 
3.1. Selecting Which Reports to Generate 
 
Chlorophyll a, Secchi disk, chemistry, bacteria, and sampling site data were in different formats, and 
thus their reports were generated using distinct (but similar) procedures which are described later.  
Regardless of whether the same behind-the-scenes database procedures are used for multiple sampling 
parameters, reports for each sampling parameter are generated separately for end-user clarity. 
 
The first step in creating data reports is to launch the form designed for this purpose, 
FRM_Report_Options (Figure 4).  Choosing a report option by clicking a radio button, then clicking the 
ά/ƭƛŎƪ IŜǊŜ ǘƻ DŜƴŜǊŀǘŜ wŜǇƻǊǘǎέ ōǳǘǘƻƴΣ ŀŎǘƛǾŀǘŜǎ ŀ ƳŀŎǊƻ ƴŀƳŜŘ DoReport.ReportItA (see the άhƴ 
/ƭƛŎƪέ Ŧield in the Property Sheet).   The DoReport.ReportItA macro performs one action-- άhǇŜƴCƻǊƳέΣ 
which launches a second form named Frm_Report_Site_Options (Figure 5).   

 

             
Figure 4.  Part of the form (FRM_Report_Options) in design view (left) and form view (right).  Note the 
άhƴ /ƭƛŎƪέ ŦƛŜƭŘ ƛƴ ǘƘŜ tǊoperty Sheet which activates the macro named DoReport.ReportItA when the 

ά/ƭƛŎƪ IŜǊŜ ǘƻ DŜƴŜǊŀǘŜ wŜǇƻǊǘǎέ ōǳǘǘƻƴ (with yellow border) is clicked. 
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Figure 5.  Form Frm_Report_Site_Options in design view and form view.  Note the action performed in 

ǘƘŜ άhƴ /ƭƛŎƪέ ŦƛŜƭŘ ƛƴ ǘƘŜ tǊƻǇŜǊǘȅ {ƘŜŜǘ ŦƻǊ ǘƘŜ ōǳǘǘƻƴΦ 

The purpose of this second form is to allow the user to either generate the chosen parameter reports 
for ALL sampling sites, for sites sampled in the latest sampling year, or for one site only.  Since the 
number of active sampling sites is about half of the number of total sites, the άƭŀǘŜǎǘ ȅŜŀǊέ option would 
be the preferred option after adding a new year of data to the database.  However, if the report format 
for a parameter has been revised, it would be necessary to regenerate reports for all sites for 
consistency.   
 
To produce reports for a single site, a list box named SiteList was created in the form with a query 
named QRY_One_Site_Form as its Row Source (Figure 6).  The QRY_One_Site_Form query produces a 
simple list of all possible sampling sites using the MasterSiteList table.  In the list box, tƘŜ ά.ƻǳƴŘ 
/ƻƭǳƳƴέ ƛǎ нΤ ǘƘƛǎ ƛǎ ǘƘŜ ŎƻƭǳƳƴ ŎƻƴǘŀƛƴƛƴƎ ǘƘŜ SiteNum (column 1 contains the site name).  The selected 
SiteNum is accessed from the ReportIt macro using the following syntax:  
[Forms]![Frm_Report_Site_Options]![SiteList].  This value is passed into the report-generating functions 
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and is used by the functions when the third report option (one site only) is selected.  Otherwise, the 
default value (1010) is ignored by the report-generating functions. 
 

 
Figure 6.  List box for choosing a sampling site for report generation.  Note that the row source is the 

query QRY_One_Site_Form. 
 
 
²ƘŜƴ ǘƘŜ ά/ƭƛŎƪ IŜǊŜ ǘƻ DŜƴŜǊŀǘŜ wŜǇƻǊǘǎέ ōǳǘǘƻƴ ƛǎ ŎƭƛŎƪŜŘ ŦǊƻƳ Frm_Report_Site_Options, a macro 
named DoReport.ReportIt is launched.  This macro performs actions based on the numeric values passed 
to it by the chosen radio buttons in the two forms above (Figure 7).  Each radio button from 
Frm_Report_Options passes a unique number usually equal to the ŎƘƻǎŜƴ ǇŀǊŀƳŜǘŜǊΩǎ ParamNum to 
the macro, which calls one of the functions in the Visual Basic (VB) module to generate the reports for 
that ParamNum.  The radio button numeric value is accessed from inside the macro using the following 
(ugly) syntax:  [Forms]![Frm_Report_Options]![Rpt_Opt].  Similarly, each radio button from 
Frm_Report_Site_Options passes a value to the macro, which is accessed using this syntax:  
ώCƻǊƳǎϐΗώCǊƳψwŜǇƻǊǘψ{ƛǘŜψhǇǘƛƻƴǎϐΗώwǇǘψhǇǘϐΦ  bƻǘŜ ǘƘŜ ƴŀƳŜ ƻŦ ǘƘŜ ŦƻǊƳ ŀŦǘŜǊ ǘƘŜ ŦƛǊǎǘ άΗέΦ  ¢ƘŜ 
combination of these two numbers determines which actions the macro performs, that is, which 
parameter reports are produced for which sites.  Report production for each parameter (or group of 
related parameters) is described below. 
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Figure 7.  Part of the macro named DoReport.ReportIt, which calls VB functions to generate data reports.  
The bottom box should be to the right of the top boxτspace did not allow displaying the entire width of 

the macro window. 

 
3.2. Generating the Chlorophyll a and Secchi Disk Reports 
 
As was noted before, the Secchi depth and chlorophyll data are stored in different formats than the rest 
of the sampling data and thus are processed separately for reporting.  The first step in generating the 
reports is to launch the FRM_Report_Options form (Figure 4) as described above.  If the άChlorophyll ŀέ 
or ά{ŜŎŎƘƛ 5ŜǇǘƘέ report option is chosen, the DoReport.ReportIt macro calls the Visual Basic (VB) 
function named Make_Chl_Secchi_Reports (Figure 8).  This function generates the chlorophyll or Secchi 
disk report pages and outputs one PDF file per site.  The name of the report necessary for generating the 
PDF report files, the parameter number, the number representing the desired site report option (all=1, 
latest year=2, or single site=3), the site for which a report will be generated if the site report option is 
άоέ όǎƛƴƎƭŜ ǎƛǘŜύΣ ŀƴŘ the name of the subfolder on the local computer where the reports will be written, 
are passed into the function as arguments.    
 
' ------- -----------------------------------------------------  

' Generate Chlorophyll and Secchi reports.  This procedure accepts the report name,  

' query providing the station list, and subfolder name where the PDF files will be 

output as arguments.  

' ------------- -----------------------------------------------  

Public Function Make_Chl_Secchi_Reports(ByVal RPT_TOP_Name As String, Param As 

Integer, WhichSites As Integer, RptSite As Integer, PathName As String)  

 

' Error handling  

On Error GoTo Make_Chl_Secchi_Reports_E rr  

 

' Declare the database, recordset, and report filter string variables  
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Dim dbwpwa As DAO.Database  

Dim rcdRecQuery As DAO.Recordset  

Dim strFilter As String  

 

' Set the current database and recordset variables for use in the do...until loop  

Set dbwpwa = Cu rrentDb  

 

If WhichSites = 3 And RptSite Like "###1" Then  

' this is not a surface water site ðkick out of function  

   msgbox ("Please select a SURFACE water site (Site Number ending in 0).")  

   Exit Function  

End If  

 

If Param = 1 Then  

    If WhichSites = 2 Then  

' generate reports for the latest year only  

        Set rcdRecQuery = dbwpwa.OpenRecordset("QRY_Param_Sites_New_Year_Chlorophyll")  

    Else  

' generate reports for all years  

        Set rcdRecQuery = dbwpwa.OpenRecordset("QRY_Param_Sites_Chlorophyll")  

    End If  

Else  

    If WhichSites = 2 Then  

        Set rcdRecQuery = dbwpwa.OpenRecordset("QRY_Param_Sites_New_Year_Secchi")  

    Else  

        Set rcdRecQuery = dbwpwa.OpenRecordset("QRY_Param_Sites_Secchi")  

    End If  

End If  

 

' Make the mouse an hourglass to ind icate a wait  

DoCmd.Hourglass True  

 

' Start looping through the recordset opened above to generate a one page report for  

' each SiteNum.  This loop will process every  SiteNum and terminate when the end of  

' the file (EOF) is reached.  

 

If WhichSites = 3 Th en 

' just report for a single site  

    rcdRecQuery.FindFirst ("SiteNum=" & RptSite)  

    

    If Not rcdRecQuery.NoMatch Then  

' found the record ðoutput the report  

        strFilter = "[MstSiteNum]=" & RptSite  

        ' Open the report  

        DoCmd.OpenReport RPT_TOP_Name, acViewPreview, "", strFilter, acHidden  

        ' Output the file  

        DoCmd.OutputTo acOutputReport, RPT_TOP_Name, "PDFFormat(*.pdf)", 

"C: \ Users \ Elise Torello \ documents \ WPWA\ Field Data \ Master Access Database \ WPWASites\ " & 

PathName & " \ " & rcdRecQuery![RptFileName], False, "", 0, acExportQualityPrint  

        ' Close the report  

        DoCmd.Close acReport, RPT_TOP_Name  

    Else  

       msgbox ("No data exist for this site!")  

    End If  

Else  

'  loop through the recordset until the end of the fi le is reached  

   Do Until rcdRecQuery.EOF  

      ' Set the filter for the report to the current SiteNum  

      strFilter = "[MstSiteNum]=" & rcdRecQuery![SiteNum]  

      ' Open the report  

      DoCmd.OpenReport RPT_TOP_Name, acViewPreview, "", strFilter, acHi dden  

      ' Output the file  
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      DoCmd.OutputTo acOutputReport, RPT_TOP_Name, "PDFFormat(*.pdf)", "C: \ Users \ Elise 

Torello \ documents \ WPWA\ Field Data \ Master Access Database \ WPWASites\ " & PathName & " \ " 

& rcdRecQuery![RptFileName], False, "", 0, acExportQua lityPrint  

      ' Close the report  

      DoCmd.Close acReport, RPT_TOP_Name  

      ' Move on to the next record in the query  

      rcdRecQuery.MoveNext  

      'and loop  

   Loop  

End If  

 

' Turn off the hourglass  

DoCmd.Hourglass False  

 

Make_Chl_Secchi_Reports_E xit:  

    Exit Function  

     

Make_Chl_Secchi_Reports_Err:  

    msgbox Error$  

    Resume Make_Chl_Secchi_Reports_Exit  

 

End Function  

Figure 8.  Make_Chl_Secchi_Reports VB function. 
 
 

The Secchi and chlorophyll data were not converted to vertical format but were kept in their original, 
flat formats in Access tables named Chlorophyll and Secchi, respectively.  ²t²!Ωǎ original Excel data 
files for these parameters contained summarized data, including trophic status (TSI) fields.  The 
calculations for TSI evolved over the 20+ years of WPWA sampling, and it was decided after consultation 
with Elizabeth Herron of URI Watershed Watch that the latest formula should be used for all data.  
Therefore, TSI is recalculated on-the-fly in queries for all data using VB functions (Figure 9).     
 
For calculated values, especially those that appear in multiple queries, it makes sense to create VB 
functions or subroutines to perform these calculations for several reasons.  If the calculation of a value is 
complex, it is clearer and more convenient to write the code needed to perform the calculation in the 
VB programming environment.  The VB programming environment provides more flexibility to the 
programmer, and there are debugging and other tools available to help troubleshoot problems.  Also, if 
a calculated value is generated in more than one query, using a function allows you to create the code 
to perform this calculation in one place and simply call the function to return the calculated value inside 
the queries.  If there is ever a need to modify the way the value is calculated, the code changes 
necessary only need to be made in one place.  All of the functions and subroutines in a VB module are 
available to any query within the database.   
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Figure 9.  Simple Visual Basic function for calculating chlorophyll a trophic status.  Functions for 

calculating Secchi depth and total phosphorus trophic status are very similar. 
 
 
The chlorophyll and Secchi disk data reports contain a data table and a data plot.  The table and plot are 
each incorporated into the main report as subreports.  The queries to extract data from the Access 
tables for use as record sources for both the tabular and PivotChart subreports were 
QRY_rpt_Chlorophyll and QRY_rpt_Secchi (Figure 10).  The TSI calculations were performed within these 
queries, plus additional fields were added to allow plotting of TSI threshold values (low chlorophyll or 
high Secchi depth (oligotrophic), moderate chlorophyll/Secchi depth (mesotrophic), high chlorophyll or 
low Secchi depth (eutrophic)) along with the data values.   The original TSI field contained some symbols 
indicating that data in that record should be excluded for some reason:  # = naturally dark water color, * 
= insufficient data, ** = shallow site, f (phi) = river site.  These symbols were imported into Access with 
the rest of the Secchi and chlorophyll data and used to exclude these records from the reports. 
 

 
Figure 10.  QRY_ rpt_Chlorophyll query.  The original TSI field is used to exclude inappropriate data from 

the report; the TSI_Calculated field stores the TSI calculated by the VB function Chl_TSI.   
QRY_rpt_Secchi is very similar. 
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The tabular subreports for the chlorophyll and Secchi data are named RPT_Crosstab_Chlorophyll and 
RPT_Crosstab_Secchi , respectively (Figure 11).  These are very simple reports displaying fields directly 
from the queries described above. 
 

 
Figure 11.  Tabular Chlorophyll and Secchi subreports (RPT_Crosstab_Chlorophyll and 

RPT_Crosstab_Secchi) in design view. 

 
The subreports displaying Chlorophyll and Secchi data plots are much more complex.  Both plots display 
TSI threshold lines, and displaying these lines in MS Access was not easy or straightforward.  It was 
necessary to concatenate άŘǳƳƳȅέ Řŀǘŀ ŦƻǊ ŜŀŎƘ ǘƘǊŜǎƘƻƭŘ ǾŀƭǳŜ ƻnto the real data for every sampling 
year for each site with each type of data.  Threshold data for each sampling parameter are stored in the 
TBL_Thresholds table (Figure 12). 
 

 
Figure 12.  Entire contents of the TBL_Thresholds table. 
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Note names of the fields in this table:  MonthText contains the name of the threshold for each 
parameter; SamplingMonth contains 13, 14, or 15; and Concentration contains the data value of the 
threshold.  These fields allow the threshold numbers to be ƛƴŎƭǳŘŜŘ ǿƛǘƘ ǘƘŜ ǊŜŀƭ Řŀǘŀ ŀǎ άŘŀǘŀέ ŦƻǊ 
άŘǳƳƳȅέ ǎŀƳǇƭƛƴƎ ƳƻƴǘƘǎ όмо-15) with άmonth namesέ identifying the meaning of the threshold 
values.  These will be displayed in the plot legend. 
 
These threshold data were incorporated into the real sampling data using UNION queries, which had to 
be written in structured query language (SQL) (Figure 13).  The UNION queries for the chlorophyll and 
Secchi data are very similar, so only the chlorophyll will be described here.  First, the real data values to 
be plotted were selected from the QRY_rpt_Chlorophyll query (the data field Max was given the alias 
Concentration in the QRY_rpt_Chlorophyll query).  These data are concatenated with the threshold data 
using a UNION with another query.  This second query extracts one record per SamplingYear and 
SiteNum from the Chlorophyll table (SELECT DISTINCT) and joins these records with the TBL_Thresholds 
table using the ParamNum field.  An INNER JOIN is used to keep only those data existing in both tables 
(ParamNums other than Chlorophyll from the thresholds table are excluded).   The MonthText field in 
TBL_Thresholds is renamed to CValue to match the field in the real chlorophyll data in the first SELECT 
query.  This is because the chlorophyll (and Secchi depth) data represent the sampling year and not data 
for a particular month (the seasonal maximum (Max) or seasonal median (Median) is used in the plot).  
¢ƘǳǎΣ ǘƘŜ ǎŜŎƻƴŘ ǉǳŜǊȅ ǇǊƻŘǳŎŜǎ ŀ ǊŜŎƻǊŘǎŜǘ ǿƛǘƘ άŘǳƳƳȅ ǘƘǊŜǎƘƻƭŘ Řŀǘŀέ ŦƻǊ ŜŀŎƘ SamplingYear and 
SiteNum combination that has real data.  Performing a UNION of the real and dummy data allows for 
plotting of these data together. 
 
SELECT QRY_rpt_Chlorophyll.ParamNum, QRY_rpt_Chlorophyll.SiteNum, 

QRY_rpt_Chlorophyll.SamplingYear, QRY_rpt_ Chlorophyll.CValue, 

QRY_rpt_Chlorophyll.Concentration  

FROM QRY_rpt_Chlorophyll  

UNION  

( SELECT DISTINCT  Chlorophyll.ParamNum, Chlorophyll.SiteNum, 

Chlorophyll.SamplingYear, TBL_Thresholds.MonthText as CValue, 

TBL_Thresholds.Concentration  

FROM (Chlorophyll I NNER JOIN TBL_Thresholds ON Chlorophyll.ParamNum = 

TBL_Thresholds.ParamNum)  

WHERE (((Chlorophyll.TSI) In  ("O","o","M","m","E","e","H","h",""))));  

Figure 13.  QRY_PivotChart_Chlorophyll_Threshold UNION query.  The QRY_PivotChart_Secchi_Threshold 
UNION query is very similar. 

 
 
The next step was to create the PivotChart subreport from this UNION recordset.  These subreports are 
actually subFORMSτthis is necessary since there are no PivotChart reports in Access, only PivotChart 
forms.  However, Access forms behave perfectly well as subreports.  Again, this procedure is very similar 
for the chlorophyll and Secchi data, so only the chlorophyll is described.  The subreport for the 
Chlorophyll data is named FRM_PivotChart_Chloropyll_Threshold (Figure 14, Figure 15), and the Secchi 
subreport is FRM_PivotChart_Secchi_Threshold. 
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Figure 14.  FRM_PivotChart_Chlorophyll_Threshold in design view. 

 

 
Figure 15.  FRM_PivotChart_Chlorophyll_Threshold in PivotChart view. 

 
Note in the PivotChart above:  SiteNum is in the Filter Field drop zone, CValue is in the Series Field drop 
zone, Concentration is in the Data Field drop zone (with summary set to Average by right-clicking on the 
drop zone), and SamplingYear ƛǎ ƛƴ ǘƘŜ /ŀǘŜƎƻǊȅ CƛŜƭŘ ŘǊƻǇ ȊƻƴŜΦ  ¢ƘŜ ǘƘǊŜǎƘƻƭŘ άŘǳƳƳȅ Řŀǘŀέ ŀǊŜ 
visible as the tallest blue bars that are all the same height, shorter green bars that are all the same 
height, and shortest red bars that are all the same height.  To convert these thresholds bars to threshold 
lines, click three times on one of the tallest bars to highlight ALL of the tall bars (one click to select one 
bar, then a double-click to select them all)Σ ǘƘŜƴ ǊƛƎƘǘ ŎƭƛŎƪ ŀƴŘ ǎŜƭŜŎǘ ά/ƘŀƴƎŜ /ƘŀǊǘ ¢ȅǇŜέ όFigure 16).   
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Figure 16.  Change chart type. 

 
 
{ŜƭŜŎǘ ά[ƛƴŜέ ŀƴŘ ŎƘƻƻǎŜ ǘƘŜ ǳǇǇŜǊ-leftmost (simple) line chart (Figure 17).  Then, click the 
ά[ƛƴŜκaŀǊƪŜǊέ ǘŀō ŀƴŘ ŎƘƻƻǎŜ ǘƘŜ ŘŜǎƛǊŜŘ ƭƛƴŜ ŎƻƭƻǊ ŀƴŘ ǿŜƛƎƘǘ ŀƴŘ ŎƭƻǎŜ ǘƘŜ tǊƻǇŜǊǘƛŜǎ ǿƛƴŘƻǿΦ  bƻǿΣ 
the threshold should be represented as a line.  Repeat this procedure for the rest of the threshold bars 
to create a plot as shown in Figure 18.  

 

            
Figure 17.  Changing the chart type for thresholds. 

 
 

 
Figure 18.  Plot with threshold lines. 
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To color-code the real chlorophyll data, the remaining bars for the real data were conditionally 
formatted.  Click three times on any data bar to select ALL data bars, and then open the Property Sheet.  
/ƭƛŎƪ ƻƴ ǘƘŜ ά/ƻƴŘƛǘƛƻƴŀƭ CƻǊƳŀǘέ ǘŀōΣ ŎƘƻƻǎŜ ǘƘŜ ǎǘyle shown, choose the two colors (in this case, 
yellow for the low values and green for the high valueǎύΣ ŀƴŘ ŜƴǘŜǊ άмнέ ŀǎ ǘƘŜ ǘƘǊŜǎƘƻƭŘ ƴǳƳōŜǊ όFigure 
19).  This number was chosen by Elizabeth Herron and Linda Green for the maximum seasonal 
chlorophyll data to indicate an algae bloom.   
 

 
Figure 19.  Conditionally formatting the data. 

 
Finally, with the property sheet still open, click on the background of the ŎƘŀǊǘΣ ŎƭƛŎƪ ƻƴ ǘƘŜ ά{ƘƻǿκIƛŘŜέ 
tab, and un-ŎƘŜŎƪ ǘƘŜ άCƛŜƭŘ .ǳǘǘƻƴǎκ5ǊƻǇ ½ƻƴŜǎέ ōƻȄΦ  /ƭƻǎŜ ǘƘŜ tǊƻǇŜǊǘƛŜǎ ǿƛƴŘƻǿΣ ŀƴŘ ȅƻǳ ǎƘƻǳƭŘ 
have the finished chlorophyll PivotChart Form (subreport) (Figure 20).   
 

 
Figure 20.  Final chlorophyll PivotChart form. 
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As mentioned before, similar procedures were used to create the Secchi subreport, although the plot 
format is different.  The Plot Area is rotated 180 degrees; that is, the horizontal axis is at the top of the 
plot, with the bars extending downward toward the bottom of the page.  This, combined with a plot 
background gradient from light blue (top) to dark blue (bottom), is designed to better represent Secchi 
depth below the water surface.  Also, the color-coding of the bars is different for the Secchi data than it 
was for the chlorophyll data (Figure 22)--the bars are color coded to indicate trophic status on a gradient 
from red (eutrophic) to blue (oligotrophic). 
 

 
Figure 21.  Secchi PivotChart showing rotated Plot Area and colored plot background. 

 

 
Figure 22.  Secchi PivotChart showing color-coded data. 

 
With the subreports created, it is time to create the top-level chlorophyll and Secchi reports.  A top-level 
data report was needed for every SiteNum for which there were Secchi or chlorophyll data.  First, 
queries named QRY_Param_Sites_Secchi and QRY_Param_Sites_Chlorophyll were created that contain 
one record per SiteNum with Řŀǘŀ ōȅ ǎŜǘǘƛƴƎ ǘƘŜ ά¦ƴƛǉǳŜ ±ŀƭǳŜǎέ ǇǊƻǇŜǊǘȅ ŦƻǊ ǘƘŜ ǉǳŜǊȅ ǘƻ άȅŜǎέ όFigure 




