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Components in Effect of Rainfall (Kleinheinz et al., 2010) 
Note that the component analysis shows how the structure of the article could have been improved. As stated in the text, the sample articles were chosen by historical contingency, not for being ideal exemplars. 

Section 1: Introduction
	Paragraph
	Key sentences, with component marker
	Component (Purpose) 

	1
	Across the nation, closures of recreational swimming beaches due to microbial (fecal) contamination of water have prompted research into the source of elevated microorganism concentrations.
	1b (Specific importance)

	2
	Storm water runoff across impervious surfaces such as roads, roofs, lawns, and construction sites has been identified as the greatest pollution source …
	1a (General importance)

	3
	Heavy rainfall and runoff has been implicated in increases in bacterial contamination at beaches …
	1a (General importance)

	4
	While this research has been focused on urban marine shorelines, the contamination of rural and semiurban freshwater swimming beaches by nonpoint source runoff has not been extensively studied.
… however, data quantifying the microbial loads during rainfall and storm water runoff events have not be studied at the mainly rural beaches …
	2b (Limitations)

	5
	Door County is …
	I a (Background)

	6
	While the beaches in Door County have been monitored for fecal bacteria, there is little information on the extent rainfall that impacts the water quality of these beaches. (sic)*
The overall objective of this project was to determine what impact rainfall had on the E. coli concentrations at the selected beaches.
	2b (Limitations)


3a (Objective)


*(sic) means there is an error in the original that has been copied directly, in this case, “on the extent rainfall that impacts.”


Components in Effect of Rainfall (Kleinheinz et al., 2010) (cont.) 

Section 2: Materials and Methods
	Paragraph
	Key sentences, with component marker
	Component (Purpose) 

	2.1 1
	Recreational water samples were collected from the eight beaches … as specified by the requirements of the WI BEACH Act sampling program.
	5b (Methods)

	2.1 2
	Several of the beaches in this study were considered semirural.
All water samples were collected into 100mL sterile, polystyrene collection bottles (IDEXX Corp., Portland, ME) and placed at 4◦C until E. coli concentration analysis was conducted.
	I a (Background)*
5b (Methods)

	2.2 1
	To capture rain data near the recreational beaches in Door County, four rain gauges …
	5b (Methods)

	2.2 2
	Following a rain event notification, beach water samples were collected every hour for four hours, then …
	5b (Methods)

	2.3
	The defined substrate test, Colilert (IDEXX Corp., Portland, ME), was used
	6a (Physical testing)

	2.4
	Statistical analysis (ANOVA and Scheffe Matrices) was performed with Systat 11.0.
	6d (Statistical testing)


*The first half of this paragraph seems out of place. It could probably have been connected with the description of the placement of rain gauges in 2.2.



Components in Effect of Rainfall (Kleinheinz et al., 2010) (cont.) 

Section 3: Results
	Paragraph
	Key sentences, with component marker
	Component (Purpose) 

	1
	The impact of rainfall on E. coli concentrations in beach water was not uniform.
	V a (Initial summary)

	2
	… showed a significant increase in E. coli concentration due to rainfall (P< .001 and .001, resp., Table 1)
	7a (Data pattern)

	3
	The amount of rainfall that triggered the sampling event was not correlated with E. coli concentrations …
	7a (Data pattern)

	4
	In contrast … was not significantly positively impacted (P= .849, .041, and .110, resp., See Tables 1, 3, 6, and 9) by rain events.
	7a (Data pattern)
8a (Comparison within)

	5
	There are no outfalls near … and they are the most rural of all locations included in this study.
	I a (Background)*

	6
	… also showed a significant increase in E. coli concentration due to rainfall (P= .001 for both beaches; Tables 1, 4, and 7).
	7a (Data pattern)

	7
	The two storm water outfall pipes adjacent to this beach each showed a significant difference between storm water outfall and seasonal beach E. coli concentrations (P< .001) (Table 7).
	7a (Data pattern)

	8
	 … there is no correlation between the amount of rainfall prior to the sampling event and the concentration of E. coli in beach water.
	7a (Data pattern)

	9
	… also showed a significant increase in E. coli concentration due to rainfall (P= .011; Table 1).
	7a (Data pattern)


*This would more logically be placed in the Discussion when considering causes for the differences. 


Components in Effect of Rainfall (Kleinheinz et al., 2010) (cont.) 

Section 4: Discussion
	Paragraph
	Key sentences, with component marker
	Component (Purpose) 

	1
	Effects of rainfall on beach water E. coli concentrations were not uniform …
… four different beach “profiles” emerged …
… (profile 1) showed an elevation of E. coli concentration in beach water with rainfall, but the effect was seen only in the first three hours…*
	V a (Initial summary)

7d (Classification)

	2
	[Profile 1] It is plausible that …
	9b (Causes)

	3
	[Profile 2] It seems logical that …
The other location, …, showed unexpected results however, …
This lack of impact could be due to …
	9b (Causes)
8a (Comparison within article)

	4
	[Profile 3] It again is plausible that …
	9b (Causes)

	5
	[Profile 4] Again, it is plausible that …
	9b (Causes)

	6
	The significance and duration of this adverse impact, however, is highly beach specific.
The methodologies described in this paper were novel with respect to … and were effective in determining …
	10a (Summary)

10b (Achievement)


*It would have been more logical to begin the second paragraph with this sentence, putting all profile 1 in one paragraph, as with the other three profiles.



Components in Spatial Query Integrity (Hu et al., 2013)
Due to the high cost of permission to reprint the article, only excerpts are shown for this IPTC article. Note that components are not identified by words that match the component names, but by the purpose of the paragraph in the document. Note also the recursive pattern in section 6, very different from the largely linear arrangement of the IMRD article above. 

Section 1: Introduction
	Paragraph
	Key sentences, with component marker
	Component (Purpose) 

	1a
	The amount of digital spatial information available … has grown at an exceptional pace over the past decade.
	1a (General importance)

	1b
	Consequently, … is becoming increasingly popular and has received a lot of attention in the research community.
	1b (Specific importance)

	2
	In this work, we focus on the … model, … However, there exist two major concerns with this model.
	2b (Limitations) 

	3
	The general framework commonly used in the literature … is based on …
	2b (Current best solution)* 

	4
	The current state-of-the-art solution …
	2b (Current best solution)

	5
	We argue that … suffer from several drawbacks.
	2b (Limitations) 

	6
	Motivated by the above observations, we propose …, a novel approach … based on …
	3b (Proposed solution)

	7
	This paper subsumes our earlier work … by extending the … approach … 
	3a (Specific objective)

	8
	The remainder of the paper is organized as follows.
	V a (Organization]


*Although this might seem to be 4a (Framework), it refers to the framework of the best current solution, not the one used in the present article. 



Components in Spatial Query Integrity (Hu et al., 2013) (cont.)

Section 2: Related Work
	Paragraph
	Key sentences, with component markers
	Component (Purpose)

	1
	The idea … was first introduced by …
Nevertheless, both solutions incur significant authentication overhead …
	2b (Limitations)

	2
	… introduced … supporting fast query processing and verification.
Nevertheless, neither … handle data updates efficiently.
	2b (Limitations)

	3
	Efficient verification in the presence of frequent updates has been studied …
The proposed mechanism achieves both correctness and …
	2b (Current best solution)


	4
	All the aforementioned solutions require changes to … software … 
The … method introduced in this paper is both efficient and deterministic, and does not require any modifications in the … software. 
	2b (Limitations)

3c (Contribution)





Components in Spatial Query Integrity (Hu et al., 2013) (cont.)

Section 3: Preliminaries
	Paragraph
	Key sentences, with component marker
	Component (Purpose) 

	3.1 1
	the Voronoi diagram of P, denoted as
	I b (Definitions)

	3.2 1
	In our approach, …
Alternatively, signatures based on … can be significantly shorter, …
However, … algorithms are computationally intensive …
	4d (Justification)

	3.2 2
	The drawback of having one signature per database
object is …
To avoid this cost, we employ a technique …
	4d (Justification)



Section 4: Data Transformation
	Paragraph
	Key sentences, with component marker
	Component (Purpose) 

	1
	… the DO transforms each object …
	5d (Math)

	2
	In particular, the DO initially computes …
	5d (Math)

	3
	There are several advantages in our approach compared to …
… the expected overhead …
	4d (Justification)*

	4
	As mentioned earlier, one of the drawbacks …
Our approach overcomes this problem …
… expected to be more efficient …
	4d (Justification)


*Although paragraphs 3 and 4 might seem to be 8e (Comparison with previous work), at this point it is a theoretical comparison, not data-based, as shown in the last sentence of each paragraph.

Section 5: Authenticating spatial queries
	Paragraph or Subsection
	Key sentences, with component marker
	Component (Purpose) 

	1
	In this section, we introduce …
	V a (Initial summary)

	5.1
	Service providers process queries …
	I a (Background)

	5.2
	Two sequential steps are generally taken …
	I a (Background)

	5.3
	[Algorithms, Lemmas, Proofs]
	5d (Math)





Components in Spatial Query Integrity (Hu et al., 2013) (cont.)

Section 6: Experiments
	Paragraph
	Key sentences, with component marker
	Component (Purpose) 

	6.1 1
	… we evaluate the performance … experimentally and compare it …
… two real-world datasets …
	V a (Initial summary)
6b (Computer testing)

	6.1 2
	Therefore, … is clearly more expensive with regard to the offline cost.
	8e (Comparison with previous)

	6.1 3
	We implemented …
	6b (Computer testing)

	6.2 1
	We first evaluate … 
Fig. 8 shows that … outperforms …
	6b (Testing)
7a (Data pattern)
8e (Comparison)

	6.2 2
	In our next experiment, …
Fig. 9 depicts …
… results in fewer I/O accesses than both …
	6b (Testing)
7a (Data pattern)
8e (Comparison)

	6.2 3
	The cost …
	1a (Background)

	6.2 4
	The next set of experiments investigates the query cost …
Fig. 10 depicts the total amount of time …
Again, … is superior …
	6b (Testing)
7a (Data pattern)
8e (Comparison)

	6.2 5
	Our next set of experiments …
Fig. 12 shows the response time …
Consequently, … faster
	6b (Testing)
7a (Data pattern)
8e (Comparison)

	6.2 6
	In the last set of experiments …
Fig. 13 shows …
… for [previous], … However for [present], …
	6b (Testing)
7a (Data pattern)
8e (Comparison)

	6.3 1
	To the best of our knowledge, there are no existing verification approaches that can handle such queries, and therefore, we cannot compare our results against other methods. Instead, we report …
	6b (Testing)

	6.3 2
	… Fig. 14(a) shows …
This is due to two reasons.
	7a (Data pattern)
9b (Causes)

	6.3 3
	As a result …
As shown in Fig. 16 …
… much better I/O efficiency.
	9b (Causes)
7a (Data pattern)
8e (Comparison)

	6.3 4
	Specifically, Fig. 17(a) and Fig. 17(b) depict …
This is due to the fact …
	7a (Data pattern)
9b (Causes)





Components in Spatial Query Integrity (Hu et al., 2013) (cont.)

Section 7: Discussion
	Paragraph
	Key sentences, with component marker
	Component (Purpose) 

	1
	… novel approach that successfully meets these requirements …
… when [situation] … [other] approaches are more efficient.
… clearly a better solution.
	10b Achievement
9e Limitation
10b Achievement

	2
	… progressive result reporting is feasible …
	10b Achievement



Section 8: Conclusions
	Paragraph
	Key sentences, with component marker
	Component (Purpose) 

	1
	Our approach …
… confirm that, compared to … produces significantly smaller verification objects, and incurs lower query verification cost, …
	10a Summary
10b Achievement
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riger maltipe rain event notficationson one day, then malipleevens were sampled.

Dmeorum e OWHIPpe i SHows i dhouwsAfer  Shows A 12houws Al 2hows A
Afer i vt Rain et Rain vent Rain vent Rain ent
e e ] o 20 )
a7 s 20 1o 20 0
07 s 0 20 10 20
a7 s a1 a a1 95
w07 s 9 20 39 10
&m0 s 1 527 4 0
a1m07 s 52 4 52 31
s s 185 s 185 0
1m0 s o8 22 98 o8
007 s 98 26 98 10
o007 s ns i s 258
2907 s 3 1 1 o8
i probae e

‘Dunes, would result in production ofessfecal materal and
2 reduced chance of beach contamination by storm water
{Enoff o outal conveyance systems during rainfall events.

et owever, e 0 s ocation it smal vilage anc
1 close proximity to oher more mpaced ses (Murphy
Par esn and Sste Bay Besch. Adcitionaly, the iep
gradeat g Harbor Beach, igh averand o and pparent
Commonaities with manyotnérDoor Countybeches would
have made Egg Harbor s likly Gadidate fo aovers ran
mpacts on besch vater qulity. This ik of impact could
e e 0 long shor currnts o o st h i o storm.
e ischurge,
“Toe i observed besch profile ccured at Elson By
ane Sise Bay Beaches (prote 3)and vas characteized by
Signincant socition between rainal and esc wter £
ol Concntratons but o 3 longer e ame i vas e
i proie | (Tales 4 and 7). Af these o beaches,raal
hatasgnifcant mpacton béch e o concentrations
o e hous following the ramall evnt
rgger it flow during te ram
evns caused the increse in I cofobservedat th each
S the cutentsand diltion wer bl 0 alleite s mpat
itin 12-24 hours e rainal event

Sunset Park Besch epresents te fourth besch profe
dentifed in this sty (profe ). Whie £ ol concentrs
tions during 3 rantall event and the sessonal e . o
Concenration inwater weresignificanty dfret (- 011)
(Tale 1), th impac must have been immediste (mimtes
{olloving the sat of the rantal), 3 amination of the £
ol Concenrations at rin event sampling tmes (begining
e hour afer the event i rggered and 3 of ranal
had lesdy accomulted) s not Sgnincanly iferent
from the stssongzme £ ol concniaton fiom beach
water (Table 8). Again, it is plausible that overland flow

during the rain event caused the increasein . ol observed
at the beaches and that currents and dition were able to
alleviate this input without 2 long-term impact on E. coli
concentrations a the beach. Additonally, the Shefe test is
2 bit more sensitive than the general ANOVA and would

be more detaled in exphining speciic impacts of rainfall
events.

Overall, six of the eight locaions studied showed sig-
nificant impacs on the beach water E. coli concentrations
a5 a resul of ra events greatr than 5mm within 2 24-
hour period. The resuls o this study clearly demonsiate
that several

within Door County, WI, are impacted

‘The resuls of this
study suggest that each beach needs to be examined on its

own with regsd o rain impacs on E. col concentrations in
beach water.

movel with respect to rainfall-beach interactions and were.
‘effective in determining the impact of rainfall on specific
‘locations as well as on the duration that the impact existed.
for a specific location. These rainfall-beach interaction data
are important for beach managers to collect and asses s
they develop pre-cmptive beach closures related to rainfall

and then must justiy these closures {0 their constituents and
touriss who frequent the beaches.

by ran events.
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Rainfll and its asocated storm wter runoff bave b sssocisted with transport of many plltant nto beach wte. Fecal
material,rom a variety of animals (haman, pes vestock, and wildf), can wah ino beach watr followin rainfll and result.
i micrcbsl contaminaton of the beach. Many ocle round th workd e rs-emptin bsch closuesssocated ith anfall.
Thi study looked at ight beaheskocated i Door County, Wisconsin,on Lake Michigan to detrmin the mpact of rainfll on £
el concentratons i beach watr, Wate smples wer collecte from beach wate and storm walerdischrge ipes during anill
‘vents o Smm n the previous 24 hours. S of thecght beachesshoweda sigificant asociaton between aifalland lvated
beach witer E. cff concentrations. The duration of the impact of rainfallon beach water - <o concntrations was varable
(immedite o 12 hours). Amount of rainfl i th days pevious t the ampling did ot have signficant impacton the . ol
concentrations measred i beach wate.Pesence of torm waterconveyancepips djacnt 1 the bach did not have 3 nifrm
mpact on beach water F. o concntrations. This study suggests ha cch bach nceds b examined on s own with regard

i mpacts on E el concentatons inbeach water.

[61. A sorm water lows oer thse impervious surfacs,
e water can pick up 2 variety of pollutans nclding ol
gress, nutients, pesticides, phosphorus, copper, zinc, and
fecal bcteria [, 7], The fecl bacteri n sorm water may
be from domestc animals such as catte, horse, dogs, and
cts or wid animalssuch a deer and wterfowl, Evntally,
hese contaminated watrs reach suface waters, and, i
near 2 swimming beach, can resul i levated bacteril
conentrations and inceasd halt sk for swimmers 5]

increases in bacterial contamination at beaches along many-
‘coastines 8, 51. Along the southern Caifornia shoreline,
swimming beaches are automaticaly closed or resticted
afer a rainall event greater than 2.5mm, even without
‘microbiological testing of water 8, 10]. Although storms
are airly infrequent in southern Caliornia, ainall events
have precpitated microbial contamination exceedences due
o Storm water runoff [11]. The increase n bacterial con-
centrationsis asociated with almost al torms with rainfall




image3.png
greater than 6 mm and with every storm with rainfall greater
than 25 mm. There s lte effect on microbial contamination
of beaches following storms ofless than 2.5 mm [8].

Lake Superior beaches in Wisconsin [12-14]; however, data
quantifying the microbial loads during rainfall and storm
water runoff events have not be studied at the mainly rural
e iy s Tt ton peinai locaed i

northeastern Wisconsin, The county is bordered by Lake

the beaches in Door County, aminimurm of 31 beaches along
both sides of the Door County peninsul, at Washington
Island, within the Sturgeon Bay Canal, and at three inand

ot hours, at 12 horzs, and 24 hours) it one hour
ofthe ranall event. The overall CEve of this project

2. Materials and Methods
21, Water Sample Collection.

|

(Ellson Bay, Sister
‘Bay,Nicolet Bay, Bgg Harbor, Murphy Park, Baileys Harbor,

International Journal of Microbiology

‘Whitefish Dunes State Park, and Sunset Park) (Figure 1)
from water with a depth of 24-30 inches (and approximately
12 inchesbelow th surfac) a specifed by te requirements
of the WI BEACH Act sampling program [15]. All beaches
were sampled four days per week for the summer scason
(ap{goximately Memorial Day o Labor D).

‘semirural That s, they were located n small villages (pop-
ulation 250-1000 individuals). These inciude Egg Harbor,
Ellson Bay, Nicolet Bay,and Sistr Bay.Several beaches were
rural (not in  town or vilage proper) inciuding Baileys
Harbor, Murphy Park, and Whitefish Dunes State Park. One
locaton, Sunset Park, was in  resdentialindustrial 2z

(lcated in a town of approximately 10,000 people). All

Care was taken to collect amples In 3 uniform and
‘Ronintrusive way as not o contaminate samples with excess
disruption of sediments or floating debris. Samples were
analyzed within 4 hours of collection. A Wisconsin Siate
Certifed Laboratory with a Quality Assurance plan on fle
with the WI Department of Agriculture, Trade and Con-
sumer Protection (DATCP) maintained by the University
of Wisconsin-Oshkosh was utlzed or al analyss. Positive,
negatve, and proficiency testng controls were prepared in
accordance with the laboratory's quality asurance pan.

2.2, Water Sample Collcton afer Rainfll Event

ain gangs (Cryical Servics, Moce FT 301, Litte Chute,
WI) ereplacedat stratgic locations (Elison Bay, Strgeon
Bay, Egg Harbor, and Baleys Harbor) tronghout the county
(Flgure 1. Properplcement was ertical o nsure tht ain
Semsor readings wer a dccrae epresenttion of the cual
in messurement rates and amounts that hae fln. Each
in gage collcted Tan data fo one to three besches
depending on proximity (0 the gauge. The gauges logged
Gala 24Tours 3 Gy, seven days 3 week throughout the
Swimming esson. The raingauges eporied raingall amovnts
o 3 red-time daa loggng ysem. Afler he data ogger
sl recorded over S of water ccumton within 4
Tolling 2o period, th dat2 sytem automatically sent
Notifction of the rin event o  deignted cel phone
Iumber (rgardes of the day of ek, or tme of day).
Upon reciving his otifcation call the smpling desribed
below would commence i es 5an half an hour fom the

cgmlton o S ol e o pri

were collected every hour for four hours, then at eight,
12, and 24 hours afer the rain fall notifcation (total of
seven samples per beach following the ran event). Beach
rain event sampls were colected from water with 2 depth
of 24 inches in the center of the beach following standard
sample collection protocol. Outfll (pipe or stream) water
samples were collected during the first three hours of the
rain event (tota of three samples per outfall) at ocations
that contained these features. Amount of ontfall discharge





