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Abstract

A new database-driven web application called CHAD Explorer has been developed by EPA’s
National Exposure Research Laboratory based upon the Laboratory’s web-based Consolidated
Human Activity Database (CHAD). CHAD Explorer takes advantage of the Oracle Application
Express™ (OAE) as an integrated development environment, and provides various routes for
browsing and querying the sequential 24-h time/activity data contained in CHAD. It also
provides alternative procedures to instantly download retrieved data and exchange a variety of
data and information. Using an enhanced administration module of CHAD Explorer within OAE,
recently acquired time/activity data have been added to the CHAD data file. It is expected that
as more time/activity data become available, they also will be added into CHAD using the OEA
platform and this will provide improved functionality to the exposure modeling community.
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Introduction

This paper discusses improvements to the US Environmental Protection Agency’s (EPA’Ss)
Consolidated Human Activity Database (CHAD) available at www.epa.gov/chadnetl (McCurdy
et al., 2000). CHAD was developed to support a number of “event-based” human exposure
models that utilize a sequential time-series approach to estimating exposures and intake dose
rates for individuals as they go through their daily lives. To facilitate that, CHAD currently
contains individual diary-days of time use for almost 23,000 person-days in its online version,
and another 12,000 person-days of data available upon request. As described here, these data
have now been combined into a new, interactive and publically-available database (CHAD
Explorer) that will be of use to the exposure and time use research communities. CHAD uses
115 location codes and 144 activity codes, arranged in a hierarchal manner. Many exposure
modeling applications use some subset of these location and activity codes to assign pollutant
concentrations and ventilation rates to simulated individuals (McCurdy & Graham, 2003). To set
the stage for our discussion of the new CHAD Explorer, we provide a brief history of how
human activity information developed in EPA over the years.

History of human activity information in EPA

The need for activity pattern data in exposure model simulations was recognized early by Duan
(1982), Fugas (1976), and Ott (1982, 1983). The first data base of sequential, time-series activity
information was developed in 1979 for EPA’s Office of Air Quality Planning and Standards
(OAQPS) by researchers from Stanford Research Institute (SRI) (Roddin, et al., 1979). SRI
disaggregated daily time use data from John Robinson’s book, How Americans Use Time
(Robinson, 1977) into age, weekday/weekend, climate category, and work-shift category
“cohorts.” This disaggregation was bolstered using international time-use data from an
influential book at the time (Szalai 1972). The SRI database essentially was based on “best
engineering judgment,” as there were no large-scale time use databases available to develop
sequential activity patterns. In 1984, the SRI data were subsequently subdivided by PEI
International, a consultant to OAQPS, into 10-minute block diaries, again using best judgment
(Pope, 1986). That database was shortly superseded by “real” time use information that started
to become available in the mid-1980’s from EPA’s Office of Research and Development (ORD).
ORD sponsored two personal exposure monitoring studies in Denver CO and Washington DC
that collected “real-time” location and activity diary data from study participants (Akland et al.,
1985; Hartwell et al., 1984; Ott et al., 1998). Time use diary data was significantly expanded by
a 1985 Electric Power Research Institute diary study of residents living in the metropolitan
Cincinnati area (Johnson, 1989). In 1987-1988 the California Air Resources Board sponsored an
ex post (recall of “yesterday’s” activities) probability-based survey of the State’s residents’
activity patterns (Robinson et al., 1989; Wiley et al., 1991a,b). In 1991, OAQPS combined data
from the Cincinnati, Denver, and Washington DC metropolitan areas into a “Multicity Activity
Data Base” (Paul et al., 1991). These data were used in a number of OAQPS air exposure
modeling analyses of alternative National Ambient Air Quality Standards done in the 1990’s.



Starting in 1994, EPA’s ORD undertook a national probability-based time use survey of U.S.
residents in the 48 contiguous states, called the “National Human Activity Pattern Survey”
(NHAPS). The NHAPS database is well documented and has been extensively analyzed
(Klepeis et al., 1995, 2001; Tsang & Klepeis, 1996). Since NHAPS, EPA has obtained time use
data from smaller diary studies collected in-house and from its field exposure monitoring work
which include a Baltimore elderly study (Williams et al., 2000); 3 studies of subjects living in the
Research Triangle Park NC area (Williams et al. 2003; Rea et al., 2001 and Isaacs et al., 2011),
and a study in Seattle Liu et al., 2003) and from children’s time use surveys conducted by the
University of Michigan as part of the Child Development Supplement of its Panel Study of
Income Dynamics (www.isr.umich.edu/frc/). About 34% of data in the expanded version of
CHAD comes from the 2000-2008 time period, and another 49% is from the 1990’s. About half
of information is cross-sectional in nature, being one diary day per person, while the other half
has between 2-369 days of longitudinal data per person.

The Use of CHAD

CHAD is the time use data input file for OAQPS’s APEX model that is used for many NAAQS
reviews (e.g., carbon monoxide, sulfur dioxide, ozone, and nitrogen dioxide ); see
www.epa.gov/ttn/naags for more information. CHAD is the basis for human activity data for
OAQPS’s TRIM.Expo and HAPEM exposure models (www.epa.gov/ttn/fera/data/apex;

Palma, 1999). CHAD also is used in various versions of ORD’s SHEDS model (e.g., Burke et
al., 2001; Xue et al., 2006; Zartarian et al., 2006). The MENTOR exposure and dose
computational system also uses CHAD data in its exposure module (Georgopoulos & Lioy,
2006; Georgopoulos et al., 2005, 2008). Non-EPA analysts use the data in CHAD for a number
of purposes, including descriptive analyses of time use (Barraj et al, 2007; Mokhtari & Frey,
2005); development of time-averaged statistics of time use (Hollowman et al., 2004); serving as
reference of average time-activity patterns of general US population in comparing with those
patterns of specific local populations (Wu et al., 2010), and as input to regional exposure models
(Lu, etal., 2005). A March 2011 Google Scholar™ search indicates that CHAD is cited in over
520 articles and books, so the database is relatively well known in the exposure modeling
literature.

The current presentation of CHAD

The current presentation of CHAD has two formats: a Microsoft Access™ stand-alone database
and a web-accessible database contained within Oracle’s™ database management system (Glen
etal., 1997). However, due to technical constraints associated with the original implementation
of CHAD and changes made to it over time, it is difficult and time-consuming to add data to the
database in its current formats. In addition, CHAD users have indicated that they would like
more functionality in using it, including being able to query individual parts of it more easily.

To address these issues, a new version of CHAD, called CHAD Explorer, has been developed.
CHAD Explorer combines the advantages of the relational database implemented in the original
Access version of CHAD and the web accessibility afforded by the Oracle database version of
CHAD. In addition, more data-mining capabilities are built into this new web-accessible
relational database application. Most importantly, CHAD Explorer was built and is maintained



completely by EPA in-house by taking advantages afforded by Oracle Application Express™
(OAE) (Oracle, 2010). This more easily sustainable feature of CHAD Explorer is cost-effective
and is critical for enriching CHAD with more data and enhancing CHAD Explorer with more
functionality.

Materials and Methods

The Object Browser of OAE (Oracle, 2010) was used for creating CHAD Explorer tables and
other viewed objects in the new database. The original CHAD data were stored in two large flat
tables using Oracle’s Database Management System™ (DBMS); these data were partitioned and
marshaled into new tables through a combination of OAE data-exporting and importing tools.
Additional new CHAD data was taken from a master file compiled by Alion, a contractor to
EPA. The new web application was also developed by using OAE. The following topics were
addressed in the formulation of CHAD Explorer.

Results

Restored a relational database for efficient storage of CHAD data. To reduce data redundancy
and thus increase storage efficiency, the current web-accessible CHAD data residing in two large
flat tables in an Oracle database, was restored as a relational database structure similar to the
standalone Microsoft Access database version. CHAD Explorer’s new entity-relationship
diagram is presented in Figure 1. The diagram depicts 11 different entities, 7 of them oriented
toward personal characteristics and accessed by the unique identification number for each person
in the file. The top row includes selected health factors (see “PersonHealth,” top left), housing
characteristics (PersonHouse, middle), and quality assurance/quality control “flags” focused on
the person. These flags were used in the original CHAD to highlight potential problems with an
individual’s data, such as too much or too little sleep, missing location or activity entries, and the
number of records for each individual. The flag on number of records can be compared to the
“criterion” of a compliant individual (>30 records) defined by Graham & McCurdy (2004). A
flag does not prohibit the analyst from using the datum; it just highlights a potential issue that the
user should be aware of.

In the second row going left-to-right, the first box depicts a “Study”-specific entity, used if
someone wants to query CHAD Explored by Study Name (NHAPS, Baltimore, etc.). The next
two entities are again person-oriented; “StudyPerson” is related to selected physical
characteristics, such as age, gender, weight, and ethnicity, while “PersonTime” provides
information on the specific dates for which the diary day data were gathered, including “day
type” (weekday/Saturday/Sunday), and how many days of data are available for any single
individual. The right two boxes depict the person-specific daily sequence of events undertaken.
“TimeActivity” information includes a location and activity code, each event’s start and stop
clock times, whether or not smoking or gas stove usage occurred, and whether or not the person
was breathing hard during an event. “ActivityQC” provides information on qualitly control flags
for individual data entries.

The bottom row depicts CHAD Explorer entities focused on other characteristics of the
individual’s diary data. “PersonLocal” provides information on geographical location, such as



county and state name, and her or his residential ZIP code. “PersonSocial” depicts educational
and job-related information, including income, but there are very few entries for this datum and
the information is dated anyway. “TimeWeather” provides daily meteorological data for each
diary day of data; included are average and maximum daily temperature and precipitation data.
This type of information is used in the APEX and SHEDS models as “pooling variables” when
cohorts are developed to better mimic human activities that change when the weather changes.

The two bottom right boxes are “embedded cross-references” to link location and activity
descriptors to each specific event in a person’s diary. The exact meaning of each code can be
looked up in the code description table listed under the Help menu.

Developing alternative browsing approaches. CHAD Explorer contains a graphical user
interface (GUI) that facilitates the intuitive exploration of data. It operates in a tab-list fashion
that supports two ways of browsing the data: in a flat view version that depicts the data in a
linear manner. See Figure 2. The figure shows the “flat view list” of available data tables
(study, weather, codes used (Figure 2A) and the type of information available when “Study” is
selected. Figure 2B, on the other hand, depicts the “Drill Down” data screen and the type of
information available when Baltimore is chosen as the Study ID.

The GUI allows the query of different aspects of CHAD data according to the criteria set up by
the user during a “Query” (the Tab next to “Browse”). See Figure 3. Because CHAD Explorer
data are stored in small relational tables, a query result can be quickly obtained by searching a
small table containing only relevant data rather than searching through a big table containing all
of the CHAD data, as was the case with the original version of CHAD. A *“view object” Tab
that pops up when Query is chosen, depicts all of the different aspects of CHAD data in the
entities discussed earlier. These include the person’s personal, home, and social data, as well as
meteorological and time use information. When Query is selected, the “Selection” box pops up.
If the default “ALL’ is chosen the information shown in the top right box is provided. If any
criterion is selected, then the query result will be reflected in the bottom reporting table.

Facilitate data exchange with the time use and exposure research community. CHAD Explorer
is designed to foster data exchange with time use researchers. Thus, a Download function is
provided under each table showing the browsed or queried results which can be downloaded into
user’s own computer as a CSV (comma-separated value) file. In addition, a centralized “File
Transfer” module is provided at the top level GUI of the CHAD Explorer. This “File Transfer”
module includes a “Download” and an “Upload” function. The download function allows
obtaining any kind of information deemed as useful for human activity study and thus has been
archived into a specific database table in CHAD Explorer. Using the same file transfer module,
but the “Upload” function, users can upload to CHAD Explorer their information in a variety of
file formats. Figure 4 depicts the pop up for uploading data, including a file name and a general
description. The file formats allowed for uploading include CSV, ASCII, PDF, Excel™
spreadsheets, SAS™ files, SPSS™ files, and various image files such as GIF, IPG, and NGP.
All data/files submitted to CHAD Explorer will undergo quality control analyses by the Database
Manager and are also subject to check on adherence to relevant policy and regulation prior to
new information being placed on EPA’s public server for dissemination.



Get feedback and provide help on a regular basis. CHAD Explorer provides a help and
feedback module (Figure 5). For example, abbreviations used, a glossary, and frequently asked
questions (FAQs) are provided on a toolbar. There are also lists of table and column names, and
various codes used for classification of data. The contents of this information will be built up
dynamically over time, but the interface for accessing the content will remain stable for familiar
usage.

Provide an administration module for backend database management. CHAD Explorer also
provides a powerful backend database management module that allows the system’s
administrator to monitor and control all aspects of the database. It should be pointed out that
because most of the GUI components (e.g., the various icons and images) are based on files
stored in the database tables themselves, simply changing the file content in any database table
can achieve some face-lifting of CHAD Explorer easily. Similarly, updating descriptions of the
tables, columns, and codes can be made without reprogramming.

Enrich CHAD with more data. With the above data management capability built into CHAD
Explorer, adding more human activity data into CHAD is much easier than before. Of course,
the data to be added must first be quality checked and brought to the format consistent with the
database structure of CHAD. The total number of person-days of activity in CHAD Explorer is
34,773, see Table 1. The studies added to CHAD via CHAD Explorer are noted with an asterisk.
CHAD Explorer was used to add another 12,057 person-day data to the original-CHAD, an
increase of 34.7% more daily data. Much of the new diary data has more than one day of data
per person; because of that the number of individuals with 1 or more diary days only increased
from 17,738 t0 21,112, a 16.0% increase. The total number of records increased from 868,819 to
1,488,243, a 41.7% increase.

Using the browsing and querying functions of CHAD Explorer, some quality assurance and
quality control evaluations were performed to verify that the right numbers of records are
returned by these data-mining tools.

Discussion

The advancement of information technology since CHAD was first developed in 2000 has
provided significant possibilities for developing CHAD Explorer. For example, the OAE from
Oracle (Oracle 2010), with its new integrated development environment (IDE), greatly facilitated
the construction of CHAD Explorer. This allowed EPA staff to develop the expanded database
web application themselves rather than relying on external contractual support, thus saving EPA
money and allowing the Agency to better control the product and future expansion of it. In
addition, the new database web application more easily allows versatile exploration of time use
data in CHAD and interfacing with the system to download or upload new data. An offshoot of
the project is more efficient storage of time/activity data.

Using the capability of OAE and CHAD Explorer, some additional human activity data was
added into CHAD. The addition of 8 new small time use studies increased the number of
subjects contained in the database by 16%, increased by 35% the number of person-days of diary
data, and increased by 42% the number of respective type of records in CHAD. The differences



among these percentages reflects the new emphasis on longitudinal time/activity data, which is
very critical for exposure assessments due to the need to address both intra- and inter-individual
variability in a person’s time use (Glen et al., 2007). Ignoring intra-individual variability
systematically underestimates the “high-end” of the population exposure distribution because it
is so dependent upon repetitive activities of exposed people (Law et al., 1997; McCurdy 1997).

In addition, we want to make it easy to incorporate more human activity data originated from
new, non-EPA research into CHAD. Some of these data already exist in repositories that are not
directly compatible with CHAD and thus will require some changes in their data structure and
coding scheme to be integrated into CHAD Explorer. The American Time Use Survey (ATUS)
may be an example of such a database (www.bls.gov/tus/), but see George & McCurdy (2010)
for a discussion of issues associated with using it for exposure modeling.

We have tried to develop a flexible structure in CHAD Explorer to facilitate the acquisition of
data that are not directly compatible with the current CHAD, and make it more flexible and
easier to use. This increase in flexibility might even point a way for incorporating into CHAD
other human activity data from other countries such as the Harmonized European Time Use
Study (HETUS) and the mostly European Multinational Time Use Study (Fisher & Gershuny,
2008; Fisher & Robinson, 2009, 2010; Gershuny, 2004; Leech et al., 2002). We think that our
work is a step in that direction and we will try to maintain the development of CHAD-related
research tools in a sustainable manner. CHAD Explorer can be accessed at the same URL as
CHAD: www.epa.gov/chadnetl/.
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Table 1. Summary of the CHAD database

Study Name

Denver MSA

Washington DC MSA
Cincinnati MSA
California - adolescents
California - adults

Los Angeles - elementary

Los Angeles - high school
California - children
Valdez, Alaska

NHAPS - A

NHAPS - B

PSID (CDS) |

Baltimore Elderly

EPA #1*

RTP Unhealthy
Seattle MSA*

EPA #2*

PSID (CDS) Il

RTI Averting Behavior*
Internal EPA*

EPA #1*

Mother & Child*

Totals

Notes & Abbreviations

* The last year of a multi-year study is used.

# Number (of days)

Year*

1983
1983
1986
1988
1988
1989

1990
1990
1991
1994
1994
1997
1998

2000
2001
2002
2002
2003
2003
2007
2007
2008

APl = American Petroleum Institute

CARB = California Air Resources Board

CDS = Child Development Supplement

EPA = Environmental Protection Agency

EPRI = Electric Power Research Institute

MSA = Metropolitan Statistical Area

NHAPS = National Human Activity Pattern Survey (A=air version; B=water version)

No. of
Diaries

805
699
2,614
183
1,579
51

43
1,200
397
4,723
4,663
5,616
391

367
1,000
1,693

197
4,782
2,907

432

369

62

34,773

Number of Days
Of Data per Person

Range Median
1 1

1 1

1- 3 3
1 1

1 1

3 3

2- 3 3
1 1

1 1

1 1

1 1

1- 2 2
1-24 14
367 367
8- 33 32
5- 10 10
197 197
1- 2 2
1- 6 4
35-69 54
369 369
31 31

NICHHD = National Institute of Child Health and Human Development

PSID = Population Study of Income Dynamics
RTI = Research Triangle Institute
RTP = Research Triangle Park

Sponsor

EPA
EPA
EPRI
CARB
CARB
API

API

CARB

Oil Companies
EPA

EPA

NICHHD

EPA

EPA
EPA
EPA
EPA
NICHHD
EPA
EPA
EPA
EPA
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Figure legends

Figure 1. Entity relationship diagram (ERD) for CHAD Explorer.

Figure 2. Browsing CHAD in different ways. (A) Flat-view; (B) Drilling down.
Figure 3. Querying CHAD from different perspectives.

Figure 4. Data exchange options.

Figure 5. Online help information to facilitate usage of CHAD Explorer.
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CHAD Explorer Figures

Figure 1.




Figure 2A.

Flat view

Flat view = Study

Flatview list (*-marked tzbles contain many records that take time to open/refresh and export)
Study
Study person
Person fime
Person GC
Time weather
Time activity (%}

Location code %

Study

row(s) 1- 15 of 18 Mext B2

Study Seqd | Study Id Study Name Description
1 | BAL BAL Baltimore study | Conducted during Januar-February1997 and July-August 1898, All paricipants were Caucasian above G5-years o

2 | ca gmfa"mm‘a'*d”” Conducted from October 1987 to September 1988 Inveling 1752 paticipants 2080 12 3nd shove.

CAC California

3 | CAC Children Study Conducted from October 1929 to Septermber 1990, Involving 1200 children.
4 | CAY Eil‘gfalifomia ot Conducted from October 1987 to September 1888, Involving 1762 participants aged 12 and above.
5| GIN CIN Cincinnati St Conducted in March or August 1987, Invalving 973 parficipants.

6 | DEN DEN Denver Study Conducted in 1983, Involving 454 participants
LAE Los Angeles




Figure 2B.

Drill down
Drill down list > Study > Master Detail

Study Cancel

Study Name: \BAL Baltimore study |

Description ‘Conduded during January—Februa|

Start Year | 1997
End Year | 1998

10f18
Next >

.Person Cancel Delete ]__suhmi_t ]
T [Paonteq|Sudparia | By | Gonter] Nambwp | Suwie | awSe
O)s F 1|0 iz Ik |
0w £ iz |G |
olw W1 | iz | |
ol s Iz I |
0w ;s iz It |
o s b |2 Ji | |
=IE C iz |G |
ol E iz |G |
GIE E iz |G |
o E iz | |




Figure 3.

:Gurh explanation (Chick arow to viewihide this region] B Riecords when selecticns are afl defawit ALE
PERSOK LOCAL_SEQ- STUOVIDFHE | COUNTY
¥ i CAC A | &n
ion mleematizn 7,

[mamace |

i Sl in.
R DAL 6 Shazta Caklmia  B0O02 | Risesi
MES  CAC 488 Tahama Caklamia 98081 Rksrakde

&l 20 CAGTAT Sutler Cakhmia 4w
Tokfs] 1-15 of 21122t B

DHET CAL E4TS Placsr Cabfamia 95877 -
200 DAL T El Caradn Caklmia - B5708 P
DAE0 AL SdEN Ei Dt Caibimia 95562
2061 CAG (4B El Garsin Catmis 8593

HE1 DAL 40D EEEETT Caifarnia 95351

2EE  CAC 6O Rrrsigs Cavhmis  9zzm
HES  CACES1d Wardong Caifarmia 95437
2064 CAC BIZ2 s G Cavkmis - gmm
HMES  CACESM Soma Sn Caffarmda 95082

64 CACRSS)  SmBeramng  Callmia 8173
WE] CACESH  Rieamice caihria 9172 L | | | varfan | 21202

2fd AL 6ASG Fivareide Carlamia 92363
115 of 21022 B

ol 1- 10 of 21122 Hext B



Figure 4.

File Transfer

File Upload

File Name (Up to 255 characlers]| |[ Browse...

Description {up to 4000 characters)

Submit



Figure 5.

Eiyhome = Shoe gl Itk I et > Aokl ey B [eacheck
| Feedback Topie [Add a topso first) (=]
Topis Pamaet
[iwhatissT
| Deacrigtion
k2

[ Frecnack (Ten acd a tesdbacy)

[ O3 Dot | Conincy
| Eapan as g CEY ik
| Pttt Foured,

Add Faedliack



