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1. Introduction

TheWood-Pawcatuck Watershed Association (WPWag9over 20years of valubale water quality
monitoring datacollected from sites throughout the 300+ square mile watershed. Water samples have
been collected over the years through a volunteer sampling effort ruthéyJniversity of Rhode Island
Watershed Watcl{URI WWprogram URI WW also analyzed the water sampl€le data currently in

the WPWAdatabase span the yeai®88through 20® and will continueto expand as new data are
collected yearly Water monitoring data for the Coast@lVest)and Saugatucket watersheds arersd

inthe database wit t 2 | Q & forReéodraphical clarity and continuity

In the past, 8 of the WPWAdata hal been stored imany MS Excel spreadsheets in various formats.
The goal of tk projectdescribed in this documentas to: 1) compile atif the 20+ years oflata into a
MS Access database;d@sign simple, cled?DF reports showing mulfear tables and plots of the data
for use by scientists and the publB);,automate the production of these reports for easy yearly update;
4) create a Gogle Map showing all of thE50+ current and legadPWAsampling stations as
placemarks on the magb) link the data reports taghe Google Map placemarks \dampling station

& LJ2 NJi I'sf ahd §lathiBv8 all of the previous goals in a way that makesteraance and updates in
the future as easy and painless as possible.

Having theWPWAdata in an Access database has several advantages: the data are stored in one place
in a consistent format; data can be readily sorted,-setied, reformatted, joind, 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 a08gle map also has several advantages: adding spatial context to sampling
data makes it easier to use and visualize; having anteasge way for the public and scientists to

access the data can help increase visibility and suppol®WA people can se 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, fyrand free!

This document describébe journey from goal (1) through goal (8nhd will be updated as th&/PWA
database evolves.

2. Creating theMSAccess Database

Thissection describes the steps taken to create WWAMS Access databas&ablel 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, producirecardset

Recordset Results from a queryusers can treat them like a table, but they do not permanentl

exist in the database and aremgerated on the fly

Record Also called rowsall of the data related to a specific subject within a table, such as to

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), sueh

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 executio

Report Object designed for formatting, printing, samarizing selected data

Structured Query Languagdanguage used to write a query (needed in UNION quel

Object defining actions to perform in response to a defined event (like clicking a b

on a form)

I Visual Basic| Used to write functios or subroutines to perform custom procedures in the databas
Function, Visual Basic code that calculates and returns a value (function) or performs other
subroutine actions (subroutine). All data necessary to run the code are passed in as argume
Argument Information provided to a Visual Basic function or subroutine for use by (within) the

function or subroutine

Tablel. Database and programming terms used in this document.

2.1. Gather Data andr€atethe Data Tables

Microsoft Excel data files containing all of tiéPWAdata were gathered fronDenise Poyer (WPWA

Linda Greenand Elizabeth Herrofboth URI Watershed Watch). These data were in a variety of

F2NXIFGA YR O2yaraiSR 27F NI griy dataksuinin&ies: FoReadhl 60 2 NI § 2
year and sampling parameter, data were reformatted in Excel to allow them to be loaded into Access

data tables.ParamNum(parameter numberTable2), SiteNum(sampling site numberand

SamplingYeafields were added as primary keys that uniquely identify each data re@itdNuns are

always four digits. Sampling sites with both shallow and deep samples ha&iteMuns: the first

three digits are the same, but shallow samples araiified with aSiteNumending in 0 while deep

samples are identified with SiteNumending in 1.

Onceall of the datafor a sampling parametexere ready, they were imported intatemporary Access

table (one table per sampling parameterYhe format bthesetablesclosely resembled the original

9EOSt &LINBIRaAKSS(Ga Ay [ hatiskfaredcPaanbumSiENumehd) o T | (3¢
SamplingYeahere is aMay, June, July, August, SeptemlaardOctoberfield (Figurel). No calculated

fields (means, for example) were imported.



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 Bacteriac 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

Table2. ParamNumvalues for parameters sampled BWyPWA Parameters in bold, italic font are the
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(underlired) 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.

WPWA -1 |Samg -1 | Original Station Name -~ Sample ~ Parame - May ~ June - July - August - September - October - |

1010
1010
1010
1010
1010
1010
1010
1010
1010
1010
1010
1010

N

2.2.

1988 100 Acre 3 15 170
1997 Hundred Acre Pond 8 60
1998 HUNDRED ACRE POND 8 270
1999 Hundred Acre Pond ] 230 50
2000 HUNDRED ACRE POND a2 170 65
2001 Hundred Acre Pond 8 15
2002 Hundred Acre Pond 8 130

2003 Hundred Acre Pond 8 30

2004 Hundred Acre Pond 8 120

2005 Hundred Acre Pond 1 8 15 15
2006 Hundred Acre Pond 1 8 15

2007 HUNDRED ACRE POND 1 8 40 15
N2 Unndrad Arra DanAd b « 2 ~ AN an
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The Secchi disk and chlorophgy/itlata were already aggregated by season rather than being stored by

month; therefore, they ar@ermanentlyd G 2 NEBR A Y

Chlorophyllrespectively) However, theestof the datatableswere reformatted andf A y' I £
formaté Access data tablesere created !
format for several reasons. A vertical arrangement is mdieieffit since the horizontal format has a
very large number of empty fields for months in which a sample was not collectesiteNumand

3

GOSNIAOKf €

T2NYI

l.:.l

(i K S A NbRddarBetiSetchands T F (& 7

-G OSNIAOI
2F A0G2NRY:



SamplingYea(the fieldexistswhether or not there is a data value irtinote theJune, Augustand
Septembecolunns inFigurel). These empty fields are eliminated in the vertical format, since only

ParamNun SiteNum SamplingYedrSamplingMonttcombinations with a data value are included. In

addition, the most effective way to create repgrages containing calculated values (means, etc.), data

tables, and charts in Access is using crosstab queries (crosstab queries are discussed furdmgr later

However, to create a crosstab query, the data need to be in a vertical format. Therefoas, it
RSAANIotS G2 ONBFIGS ySg aOSNIAOFft¢ GFofSa FTNRY (K
parameters and efficienésgccuracyin data storage and reporting.

The vertical tables were created from the flat tables using an append query bédlleehertical. An

append query selects data from one table or recordset and appends them to the end of another table.
The guery was run six times per flat table, each time extracting a different month of data, assigning the
appropriateSamplingMonthsalue (510), and appending theesultantrecordset to the vertical table.

The resulting vertical table for each sampling parameter had a data record foPeagamNum

SiteNum SamplingYearand SamplingMonth (these four fields collectively creating the primar); key

plus the original station nami@r QA/QC a sample depth, and a data vallégure2). Once the vertical
tables were created, generating crosstab queries with summary data and pivotcharts of the data for
inclugon in reports was much more straightforward, and thus less prone to error.

B8 Ammonium_Vertical

WPWA Site | -~ | Sampling Ye - |Sampling M¢ ~ |Parameter b - Original Station Name ~ |Sample Dep - | Concentration -
1010 2004 5 8 Hundred Acre Pond 120
1010 2004 10 8 Hundred Acre Pond 50
1010 2005 5 8 Hundred Acre Pond 1 15
1010 2005 7 8 Hundred Acre Pond 1 15
1010 2005 10 8 Hundred Acre Pond 1] 290
1010 2006 5 8 Hundred Acre Pond 1 15
1010 2006 10 8 Hundred Acre Pond 1 260
1010 2007 5 8 HUNDRED ACRE POND 1 40
1010 2007 7 8 HUNDRED ACRE POND 1 15
1010 2007 10 8 HUNDRED ACRE POND 1 90
1010 2008 6 8 Hundred Acre Pond 1 40
1010 2008 7 8 Hundred Acre Pond 1 10
1010 2008 8 8 Hundred Acre Pond 1] 30
1010 2008 10 8 Hundred Acre Pond 1 190
1011 1998 7| 8 Hundred Acre Pond 260
1011 19393 7 & Hundred Acre Pond 10
1011 1999 10 8 Hundred Acre Pond 80
1011 2001 7 8 Hundred Acre Pond R , _ 160 , .
Figure2d 9EIYLIX S 2F || GOSNUAOFtE 0Fof Sc

Once all of the vertical data tables were createw qualitychecked thetables for individuathemistry
parameteswere 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 ndiBedChemistry FINAL

(Figure3). Soring 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.



B8 TBL_Chemi stry_FINAL

Site - | Year - | Month - |Parameter - | Original Station Name - Depth - Concentration -

1011 2008 10 6 Hundred Acre Pond 6 11
1011 2008 10 7 Hundred Acre Pond 6 24
1011 2008 10 8 Hundred Acre Pond 6 300
1011 2008 10 9 Hundred Acre Pond 6 140
1011 2008 10 10 Hundred Acre Pond 6 6.49
1030 1991 5 5 Chipuxet R @Yawgoo Mil 13
1030 1991 5 6 Chipuxet R @Yawgoo Mil 2

1030 1991 5 7 Chipuxet R @Yawgoo Mil 11
1030 1991 Chipuxet R @Yawgoo Mil 390

Figure3. Final table contalnlng chemistry datTBL_Chemistry FINAL.

Similarly, the three vertical bacteria data tables were concatenated into one table named
TBL_Bacteria_Vertical NUMERIe bacteria data are stored separatietym the chemisty datadue

to the different formatofthe data..  OG SNA I O2y OSY G N) GA2ya 2F0iSy O2yil
GHhé T afF €I dwhiclinade if feceésarptditially store the bacteri@oncentrationdataas

text fields Unfortunately, tlis made plottingof the data impossible. To allow plotting, the data were

processed to create a numeric bacteria concentration field in the tabdeldition tothe original text

format field (as documentation for the numeric data value§urther, éncenumeric values ranged from

0St26 RSUGSOGAZ2Y oafrméV (2 nynnb 2N a¢be¢/ ¢ 0G22 yaz
maximum concentration for plotting (display) purposes onlye iitaximum plottecconcentration was

decided to be twice the ER# RI DEMimit for recreational contact (Denise Poy@&rogram Director of

WPWA personal communication)The maximum plotted value and EPA/DEM limit are prominently

displayed irbold, red letters irthe data report above the plot. Placing an upper linmittbe data in the

plots made the bacteria plots much more readalled informative Other gecial characters in the data

were handledor plotting purposess follows:

T armMéx armnéz SGOY tft200SR Fa oy (RS REVISNIQA 2101
values were handled in the database.

f G5NBE¢ 2NJ G[F1S RNREY hYAGGSR aAyOS y2 &l YLX S

f admunné SGOY tf200SR dzAAy3d GKS ydzyYSNAO LI NI 2

1 ¢62 OFftdzSa aSLINIIGSR o0& Gx¢ pgduddak €y ¢KS YSIy

The original concentrations, includibtext andspecial characters, are reported in tabular format on the
bacteria reports along with the plots.

The queries and temporary data tables used in generating theviardital Access data tables we

archived in a separate databas®PWA_Sampling_Dat@RCHIVE.accgbKeeping 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, | was not comfortable deletithg raw data tables. Currently, only the active, final

data tables are in the mast&®WPWAdatabase WPWA_Sampling_Datsl ASTERccdb--these are the

tables with which all future data work should be done.

2.3. AdditionalMS Access dda Tables

The overallist of datali I 6 f S & d\dfitabase i Table3. The data tablesOhlorophyll, Secchi,
TBL_Bacteria_Vertical NUMERIG@] TBL_Chemistry_FINAlave already been describatiove Two
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tables,MasterSiteLisand Watershed_Watch_Sitegontain important information about the sampling
sites and are used in generating the datad sampling siteeports(discussed later)Two more tables,
Param_MetadataandParam_Yearly _Metadatacontain information about the samplingarameters in
the database. Information in these two tables is incorporated into the data reports analsolbie
discussed later.

Fourtables, TBL_All_Data_Files_For_Site Pages_OneBacteria For_Report

TBL_OneBacteria For_ReportThresholdsand TBL_One_Param_For_Repettist in an empty state
except when they are being used during active report generat®omeof the queriesused during
report productionare very slowunningbut would need to execute for each report pagé€o speed up
report output, these queries are run once and tresults stored in tablefor use during report
generation. Thus,atemporary tableisfilled by a querythe reports are generate@nd thenthe table is
emptied by another query when the reports are complefehesetemporarytables will be describeth
more detaillater in this paper.

Thelast table used in report generationT8L_Thresholdsvhichcontains important threshold values

for some paraeters. These may balues that are transition points farophic status (oligotrophic,
mesotropht, and eutrophic), UBnvironmental Protection Agency (US EPA) recreational contact limits
for bacterig Rhode Island Department of Environmental Management (RI DEM)fiimiiacterig etc.

The values in this tdé are appended to the actual sampling ddt&ing report productiorin order to
display threshold lines on the data plotsThis was a tricky process and is described in detail later.

MS Acces$able Description
Chlorophyli Chlorophyll a data (flat forat).
Secchi Secchi disk data (flat format).
TBL_Bacteria_Vertical NUMERIC | Bacteria (E. coli, Enterococci, and fecal colifdingl data
TBL_Chemistry FINAL Chemistry (nitrogen, phosphorus, pH/alkatljnietc) data

Master list of all sapling sites and their attributes,
including other adjacent watersheds.
List of sampling sites provided by URI Watershed Watc
This list is not complete relative tdasterSiteList
Metadatarelated tosanpling paraméers includingunits,
descriptions, links to further info, etc.

Param_Yearly Metadata Yearspecific metadata, such as detection limits, etc.
TBL_All Data_Files_For_Site_Pages Tempor_ary tabléill(_-:'d fpr useduring sampling site report

generatian; otherwise, is empty

TBL_OneBacteria For_Report Temporary tablefilled for useduringbacteriadata report
TBL_OneBacteria For_Repdr Thresholdg generation otherwise,are empty.
Temporary table filled for use durirdpemistrydata report
generation; otherwise, is empty.
Gontains original latitude/longitude data for sampling site
These lat/longs may not be accurate and are not used!
Gontainsimportant data threshold values (for example,
trophic status EPA/DEM limits) for some parameters

Table3. Tables in the final WPWA database.

MasterSiteList

Watershed Watch_Sites

Param_Metadata

TBL_One_Param_For_Report

Site_LatLon

TBL_Thresholds




3. Creaing the Data Reports

There were many steps involved in creating the WPWA data repthtesy are described in this section.

In order to make thegeneration of reports easy and automated for the end user of the database, some
complicated database work and programmingsanecessary behind the scerlenave done my best to
describe the nasty guts of the system as clearly as possible, but | irzitealler to please email me
(elise.torello@gmail.colwith any questions.

3.1. Selecting Which Reports tee@erate

Chlorophylla, Secchi disk, chemistry, bacteria, and sampling site data were in different £ ramai

thus their reports were generated using distinct (but similar) procedures which are described later.
Regardless of whether the same behite-scenes database procedures are used for multiple sampling
parameters, reports for each sampling paramedes generated separately for endser clarity.

The first step in creating data reports is to launch the form designed for this purpose,
FRM_Report_Optior(§igure4). Choosing a report option by clicking a raaligton, then clicking the

G/ tA01 | SNBE (G2 DSYSNI S wS LIDbdHepok.Repaiili(se@thed h ¥ OG A @1 G S
| t Ai@q i the®Property Shept TheDoReport.Reportkmacro performs one actiond h LISy C2 N é =
which launches a second formramedFrm_Report_Site_OptioiiBigureb).

Br rm_Report_Options

L) Chlorophyll a
Jsccen et
[ Toal Nivogen

__ Total Phosphorus, Rivers/Streams and Deep Samples

:k_J Chlorophyll a
:I_J Secchi Depth
_ K J Total Nitrogen

:l_I Total Phosphorus, Rivers/Streams and Deep Samples

__ Total Phosphorus, Lakes/Ponds with Trophic Status

_I Dissolved Phosphorus
Total Phosphorus, Lakes/Ponds with Trophic Status

*Ez=m
|
I Click Here to

_ ~ m Generate Reports
. Selection type: Command Button

) " | Bacteria - Entergg  Commandsl |z| |_! Bacteria - Fecal Coliform

. Chloride

L Ammonium (NH4)

I Nitrate (NO3) Click Here to
Generate Reports
LIpH

L Alkalinity

. Bacteria - Enterococci

[Format| Data | Event |other [ an | L) Bacteria - E. cali

- ||, 4 Bacteria - Fecal
On Click DoReport.Reportlta ™
On Got Focus
On Lost Focus
On Dbl Click

Calcium

‘) Bacteria - E. coli

. Magnesium

i = On Mouse Down Sodi
- L} Magnesium On Mouse Up - o
On Mouse Move __I sampling Site Pages
M On Key Down
ol Y sampling site Pag On Key Up _I Parameter Metadata Pages

On Key Press

Figure4. Part of the form FRM_Report_Optiohén design view (left) and form view (rightjlote the
ahy [t A O17 ¢opdty SheeRwhich/actitiake$thet middro nani@oReport.Reportitwhen the
G/ tA01 | SNB G2 DS(yith iHo BorderScliekbidi 4 ¢ o dzi 2y
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B Frm_Report_Site_Options

Reports for ALL Sampling Sites

Reports ONLY for Sites Sampled in the most recent year

Report for one site only (choose site from list below) |87 To0 S e

Command51 E

Farmatl Data | Event | Other

On Click DoReport.Reportlt  [wlee) =
On Got Focus |
On Lost Focus

On Dbl Click

On Mouse Down

on Mouse Up

On Mouse Move

0On Key Down

On Key Up

On Key Press

On Enter

Click Here to
Generate Reports

ite_Options

o} Reports for ALL Sampling Sites

__I Reports OMLY for Sites Sampled in the most recent year

I Report for one site only {choose site from list below)

Fisherville Bk @ Williams Reynolds Rd (QR#3)
Flat R @ Plain Rd

Flat R @ TwinBridge #1 4240
Glade Bk @ Pine Wood Rd 6060
Glen Rock Bk @ Glen Rock Rd 3120
Green Falls Pond 6120
Green Falls R #1 @ Green Falls Rd 6070
Green Falls R #2 @ Putker Rd
Green Falls R #3 @ Clark Falls Rd
Hundred Acre Pond

Hiindred Arre Pand NEER

]

Click Here to
Generate Reports
Figure5. FormFrm_Report_Site_Options design view and form vienwNote the ation performed in
0KS ahy [/ tA01¢ FASER Ay GKS t NRLISNI& {K!

The purpose of this second form is to allow the user to either generate the chosen parameigsrep

for ALL sampling sitefr sites sampled in the latest sampling year forone site only Since the

number ofactive samplingites is about half of the number of total sites, the I (i S ZogtiondavBuldNE
be the preferred option after adding a new year of data to the database. However, if the report format
for a parameter ha been revised, it would be necessary to regenerate reports for all sites for
consistency.

To produce reports for a single site, a list In@xnedSiteLiswvas created in the forrwith a query
namedQRY_One_Site_Foan its Row Sourd&igure6). TheQRY_One_Site_Foruery produces a

simple list of all possible sampling sites usingMtasterSiteListable. In the listbox,K S & . 2 dzy R

[ 2fdzyYyé Aa HT GKAA BSieNuinEofimrOliZontnvs/t si@hamé) Rhy deidcied (0 K S
SiteNumis accessed from thReportltmacro using the following syntax:
[Forms]![Frm_Report_Site_Options]![SiteListhis value is passed into the repgénerating functions



and is used by the functions when the third repoption (one site only) is selected. Otherwise, the
default value (1010) is ignored by the repgenerating functions.

% Frmn_Report_Site_Options

Reports for ALL Sampling Sites

Reports OMLY for Sites Sampled in the most recent year

Report for one site only (choose site from list below)

Selection type: List Box

Sitelist

[=]

|Format| Data |Event | O‘therl All |

Caontrol Source

Row Source

Row Source Type
Bound Column
Allow Value List Edits
List Items Edit Form
Inherit Value List Yes
Show Only Row Sourc Mo
Default Value 1010
Validation Rule
Validation Text
Enabled

QJRY_One_Site_Form
Table/Query

2

Yes

Yes

Click Here to

Locked Mo

Smart Tags

Generate Reports

Figureb‘.l List box for choosing a sampling site for report géneratilsiote that the row source is the
query QRY_One_Site_Farm

2 KSy GKS a/tA01 | SNB G2

D S y BrNJRépSrt_Sit& DptidfdE racro 6 dzil G 2 Y

namedDoReport.Reportis launched. This macro performastions based on the numeric valg@assed

to it by thechosenradio buttors in the two forms abovérigure?7). Each radio buttofrom
Frm_Report_Optiongasses a unique numbesuallyequaltotheOK 2 3 Sy LIPatamK&iioS NI &
the macro, whictcalls one of the functions in the Visuadi: (VB) module to generatiee 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, eatib buttonfrom

Frm_ReportSite Optionspasses value to the macro, which is accessed using this syntax:

OWC2NX¥ABHOCNYYPwWwSLIEZ NI p{A(GS

PhLIWGA2y a6 HoOwWLIGI wh LI 8 ® b2i

combination of these two numbers determines which actions the macro performs, thahish
parameter reports are produced for which sites. Report production for each parameter (or group of

related parameters) is described below.



Reportlt 1=[Forms]![Frm_Report_Options]![Rpt_Opt] And 1=[Forms]![Frm_Report_Site_Options]![Rpt_Opt]

1=[Forms]![Frm_Report_Options]![Rpt_Opt] And 2=[Forms]![Frm_Report_Site_Options]![Rpt_0Opt]

3=[Forms]![Frm_Report_Options] ![Rpt_Opt] And 1=[Forms]![Frm_Report_Site_Options]![Rpt_Opt]

3=[Forms]![Frm_Report_Options]![Rpt_Opt] And 2=[Forms]![Frm_Report_Site_Options]![Rpt_Opt]

A=[Forms]|[Frm_Report_Options][[Rpt_Opt]

RunCode Make_Chl_Secchi_Reports("RPT_TOP_Chlorophyll", "QRY_Param_Sites_Chlorophyll", "Chlorophyll")

Close Form, Frm_Report_Site_Options, Prompt

StopMacro

RunCode Make_Chl_Secchi_Reports("RPT_TOP_Chlorophyll", "QRY_Param_Sites_New_Year_Chlorophyll”, "Chlorophyll")
Close Form, Frm_Report_Site_Options, Prompt

StopMacro

RunCode Make_Chl_Secchi_Reports("RPT_TOP_Secchi", "QRY_Param_Sites_Secchi", "Secchi")

Close Form, Frm_Report_Site_Options, Prompt

StopMacro

RunCode Make_Chl_Secchi_Reports{"RPT_TOP_Secchi", "QRY_Param_Sites_New_Year_Secchi", "Secchi'
Close Form, Frm_Report_Site_Options, Prompt

StopMacro

RunCode Generate_Chemistry_Reports{[Forms]![Frm_Report_Options]![Rpt_Opt], "Nitrogen", 0,[Forms]![Frm_Report_Site_Options]![Rpt_Opt])
Close Form, Frm_Report_Site_Options, Prompt
StopMacro

Figure7. Part of the mcro namedDoReport.Reportltwhich calls VB functions gjenerate data reports.
The bottom box should be to the right of the top liogpace did not allow displaying the entire width of
the macro window.

3.2. Generating the Blorophyll a and Secchiisk Rports

As was noted before, the Secchi depth and chloroplattare storedin different formatsthan the rest

of the samplingdataand thus are processed separately for reportiipe first step ingenerating the
reports is to launch th&RM_Report_Optiorferm (Figured) as described abovdf the dChlorophyll- €
orda { S OO K Nepdrt$pitiinis&chosen, thBoReport.Reporttnacro calls the Visual BagiéB)

function namedviake_Chl_Secchi_Repoffsgure8). This function gerates the chlorophyll or Secchi
disk report pages and outputsie PDF file per site. The nawiethe report necessary for generating the
PDF report fileghe parameter number, the number representing the desisité report option (all=1,
latest year=20r single sié=3), the site for whicla reportwill be generated if thesite report option is
doé 6 aAy 3He Bama of tihéSsinfoldér gnRhe 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

10



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 okick 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 doutput 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 \ WPWWField Data \ Master Access Database \ WPWASiItes\ " &

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
strrilter = "[MstSiteNum]=" & rcdRecQuery![SiteNum]
' Open the report
DoCmd.OpenReport RPT_TOP_Name, acViewPreview,
' Output the file

, strFilter, acHi dden
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DoCmd.OutputTo acOutputReport, RPT_TOP_Name, "PDFFormat(*.pdf)", "C: \ Users \ Elise
Torello \ documents \ WPWWField 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

Figure8. Make_Chl_Secchi_RepowB function.

The Secchi and chlorophyll data were not convertegdrtical format but were kept in their original,

flat formats in Access tables namé&dhlorophylbnd Secchirespectively2 t 2 | ddiginal Excel data

files for these parameters contained summarized data, including trophic status (TSI) fields. The
calcuations 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, TSk recalculatedon-the-fly in queriedfor al data using/Bfunctions Figure9).

For calculated values, especially those that appear in multiple queries, it makes sense to create VB
functions or subroutines to perform these calculations for severasoas. 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 thex 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 fundiboreturn 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 tme madein one place. All of the functions and subroutines in a VB module are
available to any gery within the database.
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"This function takes the median Chlorophyll number and generates the Trophic Status Index
‘for Chlorophyll for the year.

Public Function Chl_ TSl(Median AsSingle) As String

If Median < 2.6 Then

If Median< 7.2 Then
‘Mesatrophic,
ChLTSI= "M
Else
If Median<=35Then

ChL TS ="H"
End If
End If
End If
End Function

Figure9. SimpleVisual Basic function for calculating chlorophyll a trophic status. Functions for
calculating Secchi depth and total phosphorus trophic status are very similar.

The chlorophyll ath 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 PivotGhareports were

QRY_rptChlorophyland QRY rpt_SecchiFigurel0). The TSI calculations were performed within these
gueries, plus additional fields were added to allow plotting of TSI threshold values (lowpthtror

high Secchi depth (oligotrophic), moderate chlorophyll/Secchi depth (mesotrophic), high chlorophyll or
low Secchi depth (eutrophic)) along with the data valude originall Sifield contained some symbols
indicating that data in that recorcheuld 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 rdfioomishe reports.

E* QRY_rpt_Chiorophyll

 siteNum
# samplingvear
SiteName_Yr

ParamMum i
Mum_Obs -
Min
Max
Mea
Median
TSI v
4 [
Field: | SiteNum SamplingYear ParamNum  Min Max Median ETSI TSI Calculated: Chl_TSI[Median]) | Cvalue: "Season Maximum"  Concentration: Max
Table: |Chlorophyll  Chlorophyll Chlorophyll  Chlorophyll | Chlorophyll | Chlorophyll | Chlorophyll Chlorophyll
Sort: | Ascending Ascending
Show:
Criteria: In ("0""0","M","m","E" "e",

FigurelO0. QRY_ rpt_Chlorophguery. The originall Sfield is used to exclud@appropriatedata from
the report; theTSI_Calculatefield stores theT Sl calculated by the VB functiGhl_TSI
QRY_rpt_Shiis very similar.
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The tabular subreports for the chlorophyll and Secchi data are nd&®3d Crosstahlorophyland
RPT_Crosstab_Secchespectivelyigurell). These are very simple reports displayietd8 directly
from the queries described above.

J" # SiteNum Header ‘ﬂ
A Year l|| Minimum ||| Maximum | | Trophic Status |I
| # Detail

Figurell. Tabular Chlorophyll and Secchi subrep(RiBT_Crosstab_Chloropltayid
RPT_Crosstab_Seqadhidesign view

The subreports displaying Chlorophyll and Secchi data pl@muchmore complex.Both plots display

TSI threshold lines, and displaying these lines in MS Access was not easy or straightforward. It was
necessary teoncatenatedR dzY Y& ¢ R G F2 NJ Sito Od&real dathlBrievesy samplight  dzS
year foreach site with each type of data. Threshold data for each sampling parameter are stored in the
TBL_Thresholdable (Figurel2).

E8f TBL_Thresholds

ParamMNum -t MonthText - | SamplingMonth -t | Concentration
1 Low (Oligotrophic) 13 2.6
1 Moderate (Mesotrophic) 14 7.2
1 High (Eutrophic) 15 35
3 Oligotrophic 13
3 Mesotrophic 14 2
3 Eutrophic 15 0.7
4 Low 13 320
4 Moderate 14 710
4 High 15 1000
5 Low (Oligotrophic) 13 12
5 Moderate (Mesotrophic) 14 24
5 High (Eutrophic) 15 66
7 Low/Mod. Threshaold 13 100
8 Human Impact 13 1000
10 Low normal 13 6.5
10 High normal 14 9.5
11 Critical 13 2
11 Endangered 14 5
11 Highly Sensitive 15 10
12 Rl DEM contact 13 61
13 EPA rec. contact 13 200
13 Rl DEM contact 14 400
14 EPA rec. contact 13 126
17 Drinking Water Standard 13 250

Figurel2. Entire ontents of theTBL_Thresholdable.
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Note names of the fields in this tabl&lonthTextcontains the name of the threshold for each
parameter;SamplingMonttcontains 13, 14, or 15; ar@oncentratiorcontains the data value of the

threshold. These fields allow the threshold numbers td\bg Of dzZRSR ¢A G K GKS NBIFf RI
GRdzYYe ¢ al Y LI -Asyvathavidnyi haknas idéntifying themeaningof the threshold

values. These will be displayed in the plot legend.

These threshold data were incorporated into the real sampling daitaguJNION queries, which had to
be written in structured query language (S@tigurel3). The UNION queries for the chlorophyll and
Secchi data are very similar, so only the chlorophyll will be described Rast, the real data values to
be plotted were selected from th@RY _rpt_Chlorophylery (the data fieldMaxwasgiven the alias
Concentratiorin the QRY _rpt_Chlorophyjlery). These data are concatenateith the threshold data
usinga UNION with andter query. This second query extracts one record§amplingYeaand
SiteNunfrom the Chlorophyltable (SELECT DISTIN& joins these records with thHEBL_Thresholds
table using thdParamNunfield. An INNER JOIN is used to keep only those datéanepxistboth tables
(ParamNuns other than Chlorophyffom the thresholds tablare excluded). The MonthTextfield in
TBL_Thresholds renamed taCValudo match the field in the real chlorophyll data in the first SELECT
query. This is becaudée chloophyll (and Secchi depth) data represent the sampling yeanahdata
for a particular month(the seasonamaximum Max) or seasonal mediarMedian) is used in the plgt
¢CKdza>s GKS aSO2yR [jdzSNE LINRPRdzOSa || NsBphdYRaarsli ¢ A (K
SiteNumcombination 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

FROMQRY_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","0","M","m","E","e","H","h",""))));

Figurel3. QRY_PivotChart_Chlorophyll_ThrestdlilON query. TheQRY _PivotChargechi Threshold
UNION querys very similar.

The next step was to create the PivotChart subreport from this UNION recordset. These subreports are
actually subFORMShis is necessary since there are no PivotChart reports in Acces®ioniZhart

forms. However, Accesorms behave perfectly well as subreports. Again, this procedure is very similar
for the chlorophyll and Secchi data, so only the chlorophyll is describedsubheport for the

Chlorophyll data is namdeRM_PivotCharChloropyll_Threshd(Figurel4, Figurel5), and the Secchi
subreport isSFRM_PivotChart_Sedcchihreshold
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E FRM_PivotChart_Chlorophyll_Threshold

Samplingyear

ParamNum
T

Selection type: Form
Form |Z|

|Format| Data IEvent I O‘therl All ‘

| Record Source QRY_PivotChart_Chlorophyll_Threshold

Mo

Mo
Display on SharePoir Follow Table Setting
Default View PivotChart

Iéigure14. FRM_PivotChart_ChIorophyII_ThreshnIdesigl view.

SiteNum ~
All

Average of Concentration

Season Maximum

1928 1989 19590 1991 1992 1993 1994 1995 1996 1997 1992 1999 2000 2001 2002 2003 2004 2005 2006 2007 2002

Sampling¥ear

SamplingYear ~

Figurel5. FRM_PivotChart_Chlorophyll_Threshol@ivotChart view.

Note in the PivotChart aboveSiteNunis in the Filter Field drop zon€Valuds in the Series Field drop
zone,Concentratioris in the Data Fieldrdp zone (with summary set to Averalgg rightclicking on the

drop zond, andSamplingYeak & Ay GKS /I i4S32NE2 CAStR RNRLI 12ySo
visible as the tallest blue bars that are all the same height, shorter green bars that dre sdihe

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 tal(drzeclick to select one

bar, then a doublelick to séectthemally G KSy NAIKG Of A O1 | ¥igureBsSt SOG4/
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SiteNum ~

All
o Average of Concentration
TN ANONNOLA0D0nnnaondi
204 || - 11— i1 Properties
£
g | General I Border/Fill | Type |Conditior1a| Format I Filter and Groupl
e
gzo— — — [ Column
c E Bar
E [t Line
@ |4 smoathLine :
10 NN | BN ) B - B Pie
| XY (Scatter)
1 Bubble Il
bl Area .
od 1 1 1 1 1 1 1 © Doughnut FIEd
1988 1989 1930 1991 1992 1993 1934 1995 1996 1997 1933 1939 2 iy Radar lll
|t Stock L]
SamplingYear Polar

SamplingYear ~

Figurel6. Change chart type.

{ St SOG a[ Ay Sé¢ [IHeftRost@sitrdlg)sin® charKiguretdLILBS\dlick the

G AySkal NJ SN GlFro FyR OK22aS (KS RSaANBR fAyS
the threshold should be represented as a line. Repeat this procedure for the rest ofdishald bars

to create a plot as shown Figurel8.

Properties

— 1 Properties

Line/Marker Fit

g Column Line
Bar
Colar: -
% Line 2
Weight: Medium -

| General | LineMarker | Type FI|tEF an

|_ =l Smoothline
Figurel?. Changlng the chart type for thresholds.

SiteNum ~
All

Average of Concentration

Season Maximum
1
(=]
.

1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

SamplingYear

SamplingYear ~

Figurel8. Plot with threshold lines.
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To colorcode the real chlorophyll data, the remaining bars for the real data were conditionally
formatted. Click three times on any data bar to select ALL datadadshen open the Property Sheet.
/| £tA01 2y GKS &/ 2y RA A 2g/shdwn, Enddsddrtheiwd colpis (inthisOdse 2 &
yellow for the low values and green forthe higllued 0 > | YR Sy (i SNJ & mH ¢ Fidguée
19). This number was chosen by Elizabeth Herron and Liren@r the maximum seasonal
chlorophyll data to indicate an algae bloom.

SiteNum ~
All
0 Average of Concentration
£ 30 Properties
g
e o] | General | Border fFill I Type | Conditional Format | Filter and Group
m —
= 20
c Farmat
2
™ |/ Conditionally color data peints
w
oI sve:  EEEE:
Colors: Sy &- &.
0 . T T Value: 12 =6

1928 1929 1950 19591 1992 15953 1994 1995 1996 1997 1994

Conditional format based on data value field
Samplin

lJse two colors to distinguish between values smaller than 0 (or the

samplingYear ~ value you indicate) and larger than 0 (or the value you indicate).

Figurel9. Conditionally formatting the data.

Finally,with the property sheet still operclick on the background of te K I NI = Of A ORSZY
tab,andurOK S O]l G(KS GCAStR .dzili2y&a8k5NRL) %2y S&aé o02E
have the finished chlorophyll PivotChart Form (subrepdrigyfre20).

40

25

30

25

207

15+

Season Maxirurm

10 —

Ej S

T T T T T T T T
1988 198% 1990 1951 1932 1993 1994 1935 1596 1997 13938 1959 2000 2001 2002 2003 2004 2005 2006 2007 2008

SamplingYear

Figure20. 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 Plofrea is rotated 180 degreethat is, the horizontal axis at the top of the

plot, with the bars extending dowwmard 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 surfaceAlso, the colecoding of the lars is different for the Secchi data than it
was for the chlorophyll data={gure22)--the bars are color coded to indicate trophic status on a gradient
from red (eutrophic) to blue (oligotrophic).

% Secchi Data

Sampling Year

1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

e B
Depth [Median)
1.90000002 1
1.925000016

1.95000001

Properties

General | Border fFill |Type
General commands
| X | 2k
Select: Plot Area -

B

ool 0l

1.575000005
2
2560294123

3.120588247

3.628088237

4241176453

Oligotrophic

Median Secchi Depth, m

Mezotrophic

— Eutrophic

Figure2l. Secchi PivotChart showing rotated Plot Area and colored plot background.

Figure22. Secchi PivotChart showing cetmded data.

With the subreports createdt istime to create thetop-levelchlorophyl andSecchi reports A top-level

data report was needed for eveBieNumfor which there were Secchi or chlorophyll datirst

gueries namedRY_Param_Sites_Seail QRY_Param_Sites_Chloropimgdre created that contain

one record peSiteNumwithR I G 6& aSGdAy3a GKS a! yAl&S asdork dzS a ¢
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