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Chapter 1 
Introduction 

Traffic accident records are a basic ele 

safety program to reduce the incidence and/or se rity of 

highway collisions. Without a readily accessible information 

base containing accident history, trends, and rel tionships, 

the defining of problems and decisions for impro ing safety 

at specific locations are necessarily difficult and often 

subjective. 

A traffic accident information system, ea~ily acces­

sible and accurately keyed to locations, therefore is an 

important tool for use by highway, traffic, and s~fety engi-

neers. 

The program described in this report is part of a 

broader program being conducted by the Iowa State l Highway 

Commission, directed toward providing a computeri ed accident 

information and analysis system for all traffic atcidents 

occurring in Iowa. 



Program De~~loEmental Phase 

An accident locational basis and a concepjtual design 

for a computerized accident analysis system for t r e state of 

Iowa were presented in a study report prepared in l 1972. (l) 

In addition, the 1972 report outlined lti-phase 

program for implementation of the recommended system. The 

work program covered in this present study report ! represents 

Phase I of the recommended system implementation ~ctivity. 

Program Objectives 

1. 

2. 

The Phase I implementation program has twp objectives: 

To assign and map a system of node numbets covering 
the complete rural network of state high ays and 
county roads, and the complete urban and rural 
freeway system in the State of Iowa, to acilitate 
coding of locations of reported accidentp. 

To develop the basic components of an au 
data processing system for accident info 
generate reports of accidents by specifi 
and identify locations experiencing high 
frequency. 

omated 
mation, 

locations, 
accident 

Prog!:_arn Reeorts 

This report presents an overview of the Atcident 

Location and Analysis System (ALAS) as developed in Phase I 

of the implementation program. It is written for I highway and 

(1) Accident Locatioh and Accident Analysis Syste s, Development 
Phase, prepared for Iowa State Highway Commis ion by Wilbur 
Smith and Associates, 1972. 
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safety engineers, and avoids use of computer term~nology and 

details of the computer system itself. 

In addition to this overview report, two b ther reports 

have been developed as part of the Phase I implemkntation 

program. They are: 

1. ALAS User's Manual, which is oriented to individuals 

who will be requesting and using info mation from 

ALAS. This manual contains procedure for updating 

certain elements of the data system, swell as 

giving detailed instructions for requ sting infor­

mation from the system. 

2. ALAS Data Processing Systems Manual, hich is 

oriented to use by data processing pe sonnel who 

will operate the system. This manual gives docu­

mentation of the computer system deve~oped. 

Review of System Capabilities 

ALAS system capabilities are discussed in l Chapter 2 

of this overview report. Typical examples of ace dent data 

requests are presented to illustrate the flexibitity of ALAS 

in supplying specific types of accident informatibn. 

-;-3-



A general explanation of ALAS and its sub ystems is 

contained in Chapter 3. This brief discussion is intended to 

provide an overall understanding of the logic-flo of ALAS. 

More detailed information and flowcharts descri~ing the system 

are contained in the Data Processing Systems 

Future Develoement Potentials 

Considerations involved in 

are discussed in Chapter 4. This discussion 

cal techniques which might be applied to 

1. 

ent of ALAS 

des statisti-

analysis, as 

we ll as a review of the need for a common base o ~ reference, or 

compatability method, for relating ALAS to other !existing files 

currently maintained by the Iowa State Highway C 

-4-



Chapter 2 
System Capallilities 

The system discussed in this report is thF initial 

phase upon which a more comprehensive traffic acc l dent location 

and analysis system ultimately will be developed. 

The first phase of ALAS development inclu~ed provision 

of capability to identify locations where acciden~ s occur, 

their characteristics and frequencies. In additip n, the _system 

is highly flexible in its ability to respond to i h formation 

needs of the user, with numerous user-specified tions available. 

ALAS Limitations 

As developed in Phase I, the system will n ot be linked 

to traff i c volumes or roadway lengths. Therefore!, in this 

phase, it will not b e capable of providing analy~es based on 

computation of accide nt rates: i.e., accidents on a vehicle-

mile basis on roadwa y links, or accidents per miljlion entering 

vehicles a t intersect i ons. 

The s e addit ional capabilities, as well a s linkage to 

ot her in f orma t ion s y s tems utilized by the Iowa te Highway 

Commi s sion , wil l permit mo re sophisticated statj s ical analyses 

t o be p e r £ornh=d1 i n s ubseque nt phases o f ALAS de ·v·c lopment. 

-5-



Accident Location Basis 

A "link node" system was selected for identifying • 

locations on the primary road, secondary road, ad municipal 

street systems of the State of Iowa. The node assignment 

method possesses some characteristics of a coordi[nate system, 

using the township-range system as a basis. 

A unique node number is assigned to each intersection 

or other prominent feature of the roadway, such s railroad 

grade crossings and bridges. On this basis, a single node 

number identifies the location of a traffic acci ent occurring 

at that point. For an accident occurring betwee nodes, the 

"link" is identified by the nearest nodes in eac direction, 

with a distance measurement from one of the nodeJ . 

By use of node numbers and distance meas rements, 

locations of accidents can be defined accurately 

form suitable for summarizing and analyzing acci 

automated data processing techniques. 

Location Coding - Translation of the tra ~fic accident 

location from the police accident report to the ~ink-node 

identification basis will be accomplished by tra~ned coders 

of the Iowa Department of Public Safety during r l utine process 

ing of accident reports. Thi s will be done b y 1se of speciall y 

pre pared maps containing node de signations. 

-6-



During the Phase I work program, node map 

pared for all 99 counties of the State of Iowa. 

ments were made for all roads and highways outsid 

boundaries and corporate limits. 

were pre­

ode assign­

of urban 

In addition, freeway strip maps were deve l oped and 

node coding accomplished for all freeways, both r hral and 

urban, in the state. The remaining node coding n cessary 

to complete node assignments for the entire state are those 

in urban areas or within incorporated cities. Th·s work is 

presently underway under a separate work program. 

TRACIS 

The State of Iowa presently is in lopment phase 

of a comprehensive Traffic Records and Cri~inal ,Jbstice Infor­

mation System (TRACIS). 

When completed, TRACIS will provide a sta~ewide data 

processing system having capabilities for storage j and rapid 

retrieval of detailed information relating to tra bfic and 

criminal information. 

All accident data for ALAS will come froml TRACIS, 

which is the state's official repository for traf kic accident 

data. By agreement with the Iowa State Highway Cpmmission, 

-7-



TRACIS will provide periodically an accident tra 

file to the Commission, encompassing detailed tr ffic accident 

records f or the interval subsequent to the previ us transaction 

fil e . 

These transaction files will be used to _ 

ALAS data system. They will be structured to co j respond to 

the ALAS maste r file, for simplicity in merging d ew data with 

that already on file. 

S~e_lll_ _c:_aea}:)_i_!_ i ty 

As pre sently designed, ALAS provides impo~ tant new 

capability for identifying accident locations and permits 

special analysis to be made by the Highway Commission and 

other users of the system. 

ALAS is able to develop high-accident ran~ings for 

road and street locations, on a statewide basis o~ for indi­

vidual counties and cities, in terms of any one o ~ three 

definitions of ranking significance, as specified! by the par­

ticular user requesting such information. The thr ee ranking 

bases are: 

1. By aggregate number of traffic accide*ts; 

2. By accident severity; and 

3. By total cost of accidents. 

-8-



Accident rankings can be obtained for (a) 

(b) nodes, or (c) links. This permits the Highwa 

intersections, 

Commission 

or other users of the ALAS system to identify lotations which 

require special study, analysis, and on-site obse vation, with 

the objective of selecting design or control meas res for 

reducing accident frequency and/or severity. An xample of the 

output format for high accident ranking is illust ated in 

Figure 1. 

ALAS also has the capability for rapid re rieval of 

accident histories for specific locations. This apability 

includes assembling accident data for specific no es, inter­

sections, links, or node strings (sections of roa!way). 

The system user can simply specify the lo ational 

identification and the time interval of interest, l and obtain 

from the system a listing of accidents and their ¢haracter­

istics which took place at the specified location$. An example 

of output for accident history of an intersection l is shown in 

Figure 2. 

Us e of this system capability can be a natural extension 

of the identification of high-accident locations, through the 

ranking capability described above. Thus, once h gh-accident 

locations are identified, more detailed accident nformation 

can be obtained for study and analysis. 
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--------------- - - - -
** HIGH ACCIDENT LOCATION LISTINGS** 

DATE - 01/31/74 PAGE l, 
PKOGRAM - Pl4l-l~U 

HIGH ACCIDENT NODES 
COUNTY - DECATUR 

TOTAL PRIMARY SYSTEM RANKED BY - NUMBER Of ACCIDENTS 

TIME PERIOD -70/01 THRU 73/12 

MINIMUM NUMBER Of ACCIDENTS AT EACH LOCATION 
1 FATAL ACCIDENTS OR 

SEVERITY INDEX 
12 FATAL ACCIDENT 

VALUE LOSS INDEX 
FATALITY=• 52000 
INJURY z f 3100 1 ~ERSONAL INJURY ACCIDENTS OR 

1 TOTA~ ACCIDENTS 
3 PERSONAL INJURY ACCIDENT 
1 PROPERTY DAMAG£ ACCIDENT PROP DAM ACC = ACTUAL OR• 440 

LOCATION 

27-1].2865 

27-128114 

27-128415 

27-220125 

27- 000000 

27-127710 

27- 32□ 1,8 

27-323756 

27-329362 

27- 420565 

LITERAL DESCRIPTION 

US-69 AT EX LOOP FROM I-35 S~ 

US-69 AT I-35 NB RAMPS 

GRADE SEP I-35 & US-69 

GRADE ~EP I-35 & CO J-52 

GRAD£ SEP I-35 & IA-2 

I-35 NB AT EX RAMP TO US-69 

GRADE SEP 1-35 & CO R30 

******************************** 

I-35 NB AT EX RAMP TO CO J-20 

I-35 Nd AT ENT RAMP FROM CO J-20 

RNK 

1 

2 

2 

2 

3 

3 

3 

3 

3 

3 

NO FAT INJ PDO 
ACC ACC AC( ACC 

5 

2 

2 

2 

1 

1 

1 

1 

1 

1 

5 

2 

2 

a 
l, 

1 

1 

1 

1 

.lo 

0 

0 

0 

o 

0 

0 

0 

G 

0 

0 

D 

J 

[i 

2 

a 

0 

a 

J 

i) 

u 

NO NO 
KLD INJ 

5 

2 

2 

0 

J, 

l, 

J, 

1 

1 

1 

(j 

a 
0 

u 

0 

0 

0 

0 

0 

o 

TOTAL 
VALUE 
LOSS 

$ 

Al/6 
VALUE 
L'O~S 

$ 

260350 52070 

104140 52u7u 

1014140 520 7il 

80 4J 

52070 .:.20 70 

5c07 □ .s2010 

52000 ScCDJ 

520DO 52UOU 

52000 52000 

52000 52000 

TOT 
SEIi 

AVG 
ACC 
SEV 

60 l,2. 00 

24 12.00 

24 12.00 

2 l,. 00 

12 l2• 00 

l.2 12.00 

12 12.00 

J.c! 1,2.00 

J.2 J.2-00 

.l.2 12. 00 

SAMPLE HIGH ACCIDENT RANKING REPORT 

UAL, S....d. -' .A.-..w 

ACCIDENT LOCATION AND ANALYSIS SYSTEM 
STATE OF IOWA 

DAlLY 
ENT 
VEH 

ACC 
RATE 
PlR 
ftEV 

FIGURE 



- - - - - - - - - - - - - - - - - -. 
REQUE.,;T NO: J □ l1 COUNTY: DECATUR 

ACCIDENT HISTORY FOR INTERSECTIO~: 
27-ll,2666 

TIME P[~IOD-70/ 01 TH~U 73/12 

DATE-DAY :TIME:ACC NO:KLD:INJ: $ DAM :LOC:ROUT[:DIST:LIGHT 
ACC TYPE : ACC ANAL : RO CHAR :RD GEOM:RO/ENV REL C~NTR CIRC: 

V: 
E: 
H 

N: 
o: 

V T D T V A, 
E y I R E C 
H P R A C T 

E " I 
0 £ 0 
F L N 

PI: S C 
T M U 0 

p R N 
0 A F I) 

F C 
T 

l) l) D 
R I< R 

A S R 
i. l i. 
E X S 

DAT£: Jl./3~/74, ~Au£ 
PKOGKAM: P1~1-~ ➔➔ 

DRIVER/IIEh.1.LLt. 
Rt.LATt.., 

CONTRit.lUT I Nu 
CI i<CUM STI. ,~Ct..,. 

.II 

------------------------------------------------------------------------------------------------------------------------------------
AT NODE: 27-112865 - US-69 AT EX LOOP FROM I-35 S8 

:08-05-71/TH:C014:00J131:K01:IJO:$ u □ 07 □: 4 :Q~jS :+9 ■ 9~:LGHTD~01: CAR 
:ON -fIX OB:BROG/OVPAS: MIN RD :INT/LEV: NONE APP 

:□ 8- □ 5-71/TH:0014:0UJ135:K01:IQO:$ 00070: 4 : Q235 :+9 ■ 99:LGHTD:01: CAR 
:ON -FIX OB:BRDG/0\/~AS: MAJ RD :CRV/HLC:F06 /(LOU 

:08-05-71/TH:C014:0G0132:K01:IOO:$ 0 □□7 □: 4 :0235 :+9 ■ 99:LGHTD: □ 1: CAR 
:ON -fIX OB:BRDG/OVPAS: ENT/MAJ :INT/LEV:NO RD DEF 

:08-0S-71/TH:0014:C0 □ 133:K01:IQO:$ 00070: 4 :0235 :+9 ■ 99:LGHTD:01: CAR 
:ON -FIX OB:BRDG/OVPAS: ENT/MAJ :INT/LEV:NO RD DEF 

BETWEEN: 27-112866 - AND 113169 

S :STRAIG~:RFR:J)~Y/DRY:~J/M/77:Ex SP£[~ LIM/ Nv ~vNT~VL 

S :STRAIGH:RFR:DRY/DRY:~0/M/77:£X SPEED LIM/~~ (~~T~vL 

S :STRAIGH:RfR:DRY/DRY:2~/M/77:EA SPEED LIM/ NU LvdTROL 

~ :STRAIGH:f<fR:DRY/DRY:~ □/M/77:LX SPEED LIM/ N~ (ONTK~L 

:□ 5-2 □-70/SU:2 □25:000185:KQQ:IQl:$ 00250: 5 :GQ35 :+ ■ 08:DUSK :Q).:PICKUP :NW :R TURN :LCE:DRY/DRY:34/M/77: 3PEED/CONU / URNk-!M~ 1 
:ON -MTRCYC: RAMP :CRV/GRD: NON£ APP 

:OS-20-70/SA:2J25:0001~6:KOO:IJ1:$ □J250: S :0035 :+ ■ 08:DUSK :J1:PICKUP :Nw :R TURN :LCE:URY/DRY:34/M/77: ~PEED/COND / u~NK-IM¥ 
:ON -MT~CYC: RAMP :CRV/GRD:J UNKWCLER 

:OS-20-70/WE:202S:QOJ184:KOQ:I01:$ 00050: 5 :JJ35 :+ ■ Jo:DUSK :Ql~PICKUP :~w :R TURN :L(E:DRY/DRY!j4/M/77: SPit.D/CONO / U~Nk-!MP 
:ON -NONCOL:OVERTURNED: RAMP :CRV/GRD: NONE APP 

AT NODE: 27-112866 -

:09-24-71/FR:1b30:00J181:K01:I03:$ 004bJ: 3 :OP3 □ :+9 ■ 99: DAY :J1: CAR N :STRAIGH:RCE:ORY/DRY:71/M/25:rtOw-J~C lNT /VO-TKL~/CKP~: 
:oN -MV-MV :ANG-BRSIDE: AT INT :INT/LEV: NONE APP :02:S(H Bui: ~ :STRAIGH:FR :DRY/kRY:4S/M/j9:VO-T~ES/CRPS/ UNkNO~N 

:10-02-70/FR:.l,b34:QC0182:KJJ:I01:$ 00025: 3 :~995 :+9 ■ 99: DAY :01:MTRCYCL: N :STRAIG~:fR :DRY/DRY:2J/M/5~: NONi APP / uNKNO~N 
:oN -MTRCYC:ANG-L TURN: ~TINT :INT/LEV: NONE APP :]2: CAR S !L TURN :RFR:ORY/llRY:~b/f/46:RO~-LFT TURN/ u~,NO~~ 

•07-17-70/FR"1220•0Q0183:K9J1IOJ:$ 88898. 3 • □ 195 .+9 ■ 99 ■ DAI -01 ■ CA~ 
:ON -MV-MV :ANG-B~SIDE: AT INT :INT/LEV: MOWE APP :02: CA~ 

:J3: CAR 

W SGN7SIG LFR DRY/DRY jo/r/oS NONt. APP / ~N~~v~N 
N STRAlGH FR D~Y/D~Y 3a/f/37 Nv .~E APP / l.1111 .. NO~N 

Wt., S..Utl. -1 ..A-.w 

E L TURN RCE ORY/ORY / / / 

SAMPLE ACCIDENT HISTORY REPORT 
ACCIDENT LOCATION AND ANALYSIS SYSTEM 

STATE OF IOWA 

FIGURE 2 
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One of the most flexible capabilities of the system 

is its ability to process requests of a ''general'zed" nature, 

based on specific user needs. Thus, through use of the options 

provided, the user can request selection of acci 

particular attributes or combinations of attribu 

possessing 

In addition to time-range and locationalj identification, 

up to three generic characteristics (or data att ibutes) of 

accidents can be specified for selection. An 

generalized request report is shown in Figure 3. 

strative 

The wide range of accident information av~ ilable to the 

s y stem user through multiple options provided by l he system is 

best illustrated symbolically in Table 1. All rebuests for 

accident data involve use of a series of codes 

the system, to i ndicate the options selected. 

explanation of the meaning of symbols used in 

1. Two different types of data requests 

input into 

lowing is an 

e 1: 

an be made. 

One r e que st is for generalized data, the other a r igh-accident 

summa r y . Under e ither type of re quest, the range of dates to 

be cover ed in the accident records search must be l specified. 

2. Options contained wi th in brackets[] }epresent alter­

nat ive s t hat may be included or omitted, depe nding on require­

me n ts o f t he use r. 

-10-



- - - - - -"' C;J:: ST NO: JG:J!I 

o-i. l 9, :' !:' 

ACCIDENT HISTO~Y FOR NOOE STRING 
~7-~r~ 2 I-35 M0 ~1 TO MPl9 

TIME 0 ERIOD-7'J/Ol THRU 73/l~ 

- - - -
COUNTY: DECATUR 

D~IVE AGE= 19 A~O/OR 2'J• 

v: 
E: 
H 

~4TE-OAY :TIME:ACC NO:KLD:INJ: $ DAM :LOC:ROUTE:OIST:LIGHT 
ACC TYPE : ACC ANAL : RD '<:HAR :RD GEOM:RD/ENII REL CONTR CIR(: 

N: 
o: 

- - -
V T I> T: II A :P I 
C: y I R £ C :TM 
H p R A C T : p 

E II I :O A 
0 £ 0 : f C 

:f L N : T: -- -- ------ ---- -- -------- --- ----- -- ------------------ -- -- -- ---- ---- -.------- ----- -

- -
S C I) I) I) : 

U 0 R R R 
R N 
f I) A S R 

G E E 
: £ X S 

- - -
DATE: 01/31/7~, PAGE 
PkOGRAM: Pl4l-344 

DRIVER/VEHICLE 
R£LATED 

CONTRIBUTING 
CIRCUMSTANCES 

-
l 

AT NODE: 27-32'Jl48 - GRADE SEP I-35 & CO R3 □ 

:Q7-31-72/M0:1b2~:0Q01bb:K01:IOO:$ □O'J'JQ: 1 ;0035 :+9.99: DAY :Ol:ST-TRK 
:OfF-NONCOL:01/ERTURNEO:O NON-INT:STR/LEII: NONE APP 

N :R TURN :UNK:l>RY/DRY:l9/M/~O: INAT/l>IST / NO CONTROL, 

AT INTERSECTION: 27-321749 - GRADE SEP I-35 & IA-2 

U NODE: 27-'JCOIJOO - NON-IDENTifIABLE NODE 

:08-'JS-71/TH: □ 'J14:000168:K01:I~O:$ 00070: 4 :0235 :+9.99:LGHTD: □ 1: CAR 
:ON -fIX OB:BRDG/OVPAS: MIN RD :INT/LE\/: NONE APP 

S :STRAIGH:RfR:l>RY/l>RY:20/M/77:EX SPEED LIM/ NO CONTROL, 

AT NOOE: 27-329362 - I-35 NB AT EX RAMP TO CO J-20 

:07-LS-72/M0:1b25:QOD1b3:KOL:IOC:$ □□□□□: l :0035 :+9.99: DAY :01:ST-TRK 
:OfF-NO~COL:01/ERTURNED:fARM/RES :STR/LE\I: NONE APP /CLOU/fOG 

AT N~D[: 27-4205b5 - I-35 NB AT ENT RAMP FROM CO J-

N :R TURN :UNK:WET/ICE:l9/M/40: NONE APP / RAN Sl~AL, 

:07-l5-72/M0:1b25:0031b4:KDL:IOO:$ □□DOD: l :0035 :+9.99: DAY :Ql:ST-TRK: N :R TURN :UNX:WET/ICE:19/M/~Q: NON£ APP / RAN SI,NAL i 
:Off-NONCOL:OVERTURNEO:O NON-INT:STR/LEII: NONE APP /C~OU/fOG 

SUMMARY DATA: 
II 

ACC 

4 

f AT 
ACC 

4 

INJ 
ACC 

D 

PDO 
ACC 

'.) 

• KLD 

4 

I# 
INJ 

0 
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Table 1 

SYSTEM CAPABILITIES OF ALAS 

Generalized Reguest: 

I 

Node String 

Date l Countyil \Node ' 

Range State \ I )Intersection 

Link 

Juris-
diction Location 

High Accident Summary: 

Date 
Range 

Rural Primary 

Primary Total 

Secondary 

Municipal 

City 

Mainline 

Overall 

eral 

icle 

Inljury 

Peldestrian . 

Datta 

Value Loss 

Severity 

Critical 
Accident 
Frequency 

Roadway System Juris- Location 
diction 

Criteria 

Data File Maintenance: 

Node String Definitions 
Location Literal Descriptions 
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3. Options contained within braces{} represent 

anothe r choice of alternatives, only one of whichl must be 

cho s e n pe r request run. 

4. Brackets within braces {[J} denote thaf one or more 

o f the indicated opt i ons must be chosen, dependink upon the 

programming requireme nts. 

5. Braces within brackets 8}] denote that the entire 

step may be omitted if desired. 

--The Data File Maintenance items refer to l requirement 

that two ALAS files must be maintained and regula ly updated-­

the Node String Definitions, and the Location Lit ral Descrip­

tions. It is assumed that the Traffic and Safety Department of 

the Iowa State Highway Commission would bear this responsibility. 

Sample Request Types 

To illustrate the flexibility of ALAS in l roviding 

accident information, several hypothetical user r f quests in 

narrative form are shown. It is through these ex! mple requests 

that systems capabilities can best be demonstrate . It should 

be pointed out that the examples used are illustrt tive in nature 

and not intended to be exhaustive of all possible l requests which 

the sys tem is capa ble of processing. In the abse mce of real 
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accident data, computer output for the following 1xamples 

are not presented. For more detail on request prJcedures, 

the reader is referred to ALAS User's Manual. 

Request for Statewide High Accident Ranki g - It is 

d e sired to develop a high accident ranking for in ersections 

on the Primary roadway system for the entire stat, based on 

the aggregate number of accidents at each interse tion for the 

last five years. The output format for this type request would 

be similar to that shown in Figure 1. 

Re gue_~t~f or Citywid~ _I:!_igh Accident - The City 

of Ame s r e quests a high accident ranking for on all 

streets within the city based on total value lossj based on 

accide nt experience in 1973. The output format fr this type 

reque st i s again similar to that shown in Figure 

Re que st for Node String Accident History j It is 

desired t o obtain the 1973 accident history on In tierstate 35 

and its interchanges in Story County. The output !format for 

this r eque st would b e similar to that shown in Fi~ure 2. 

Request for Ac cident History at an IntersJ ction -

The user wishes to ha ve detail e d i nformation on alll accidents 

occur r ing during the last five years at the inter J ection of Fluer 

Drive and Army Post Road in De s Moines. The outp~t format for 

this reque st is similar to that shown in Figure 2. 
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Reqt1_es_t__fo£_ Node _St_ring_ by Ac_c_id_ent___'!'_ype + It is 

desired to obtain accident experience for 1973 fot accidents 

in which surface condition was a contributing cau!e on State 

Highway 92 in Pottawattamie County, between the c ties of 

Treynor and Carson. The output format for this r$quest is 

similar to that shown in Figure 3. 

Request for Statewide Accidents with S£ecific Attributes -

It is desired to list all head-on collisions in t~e state during 

1973, which occurred at night and involved a drunlen driver. 

The output format for this request is similar to hat in Figure 3. 
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Chapter 3 
ALAS And Its Sullsystems 

ALAS is a unique computer system designed Ito identify 

high accident locations, accident history by loca perform 

file maintenance, and generate special request su aries. 

ANS COBOL has been used as the programmin language 

for all ALAS routines. This language is almost s lf-documenting 

in nature and possesses versatility in input/outp t operations. 

Sophisticated and scientific analysis proqrams as 

envisaged in subsequent development of ALAS (Chaptjer 4) can be 

written in other high-level language--such as PL/~ or ~ORTRAN 

with Assembly Language, where random retrieval of ldata is 

involved. ALAS is designed to be compatible with lany IBM com­

puter operating under OS. 

ALAS consists of 32 programs and three pe,rnanent tape 

files. These three permanent or master files are: I Accident, 

Node String, and Location Literal. 

The TRACIS transaction file is used as an linput to 

ALAS on a periodic basis. In addition, various tabe or disk 

f iles are generated temporarily to support differert phases of 

ALAS runs. 
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ALAS makes use of the ISHC cataloged "Cou1 ty Name" and 

"Ci t y Name " f iles to produce litera l rather than cloded output. 

ALAS Subsystems 

ALAS is divided in three subsystems: Acc ~dent Data 

Subsystem (ADS), Location Literal Subsystem (LLS) ,I and Node 

String Subsystem (NSS). 

An overview of ALAS and its subsystem is 

Figure 4. More detailed information on system loJ ic and 

programming features is contained in the companio 

ALAS Data Processing Systems Manual. Each of thes 

is discussed briefly in the remainder of this cha 

Accident Data Subsystem 

report, 

subsystems 

ADS is made up of 24 individual programs J s indicated 

in Fig ure 5, and is the core of ALAS. It has repqrt-generating 

as well as file maintenance capabilities. 

ADS interfaces with Location Literal Subs stem and 

Node String Subsystem in the production of accide t ranking, 

histor y , and coded accident reports. There are tree components 

in ADS: 

1. File maintenance, thr ough which the lo~ ation 

literals a nd TRACIS transaction file are 

inse rted into the Master Accident File ; 
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2. High accident locat~on, through which l county-

3. 

wide, citywide, or statewide ranking 

of accidents, value loss, and severit 

compiled; and 

y number 

may be 

Generalized reguest, in which an extelsive 

repertoire of data retrieval processe$ are 

used in compiling accident history re orts. 

ADS is completely open-ended. Other spec al-purpose 

programs may be appended to enhance its analysis apabilities. 

In other words, programs can be added on to ADS w thout altering 

its basic structure. 

Location Literal Subsystem 

LLS is made up of four individual (Figure 6) . 

LLS is responsible for storing locational descriptjions, con­

sisting of familiar highway designations and stre~t names for 

easy identification fo r use in producing output r 4 ports. 

Records (node description) may be deleted,! added to, 

or changed in the file. Contingency checks on da~a are pro­

vided by LLS. 

Controlled statistics on updated activitiels, such as 

number of records read, deleted, or changed, are p~inted out 
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for record-keeping purposes. Random listing of t t e Location 

Literal File content for verification purposes is lavailable. 

LLS interfaces with ADS through file maintenance as 

shown in Figure 5, by inserting updated location literals to 

the Master Accident File. 

Node String Subsystem 

NSS is made up of four individual program as shown 

in Figure 7. It contains programs having capabil ties of: 

1. Adding, modifying or deleting individ al node 

strings; 

2. Preparing a node string reference boo 

3 . Selectively making available to ADS 

of any node string for analysis. 

and 

links 

Contingency check and controlled statisti j s on updated 

r e cords, similar to those of LLS, are offered. NS interfaces 

with ADS through the latter's generalized request !component 

a s shown in Figure 5 . 

Systems Design_and Conf iguration 

ALAS as a computer package is relatively 4ompact, yet 

power f ul enough to s a tisfy a wid e range of user ndeds as well 

as p e rform fil e maintenanc e . 
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In recognition of future expansion of ALA, a modular 

concept in programming has been adopted in the de elopment of 

the ranking programs in ALAS. For example, the raking 

variables can easily be changed to other variables such 

as accident rates, at a later date, without affecting the 

programming logic or the output format. 

Execution of ALAS programs can be run uncte as 

small as 64K environment in terms of core size. minimum 

machine configuration of one disk drive and three ape drives 

are required for operating ALAS . 
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Chapter 4 
Future Developn1ent 

The system developed in this work program is the first 

phase, or fundamental development, of a more compr~hensive system, 

as r e ported in the developmental study. (l) 

d evelopment concepts and a staged implementation 

contained in tha~ report and are not r e peated in 

Considerations for continued development 

eral system 

ogram are 

tail here. 

ALAS fall 

into two g e ne ral a reas: statistical techniques inl accident 

d a ta a nalysi s , and systems considerations for effebtive data 

man ag ement. 

Stati s tical Considerations 

In c onside ring statistica l analysis technib ues to be 

employed in s ubs e quent system expansion, it is of primary 

importance to keep in mind that ALAS is an enginee~ing-oriented 

s y stem. As s uch its objectives are to: 

1. De termine those locations where traffi~ accidents 
are a critical problem. 

2. De velop inf ormation and analyses whic ~ provide 
the engine er with an indication of acclident 
causative factors. 

( 1) Accident Location and Accident Analysis Systemjs, Development 
Phase, op. cit. 
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3. 

4. 

5. 

Correlate accident experience to de$ign elements 
and accident characteristics. 

Provide engineers with a means for 
preventive and corrective action to 
accidents. 

dentifying 
reduce 

Provide a means for evaluating corrective 
measures. 

Accident Rate Analysis - Accident rates lare the most 

significant measure of accident experience, sin¢e they relate 

accident frequency with traffic exposure. 

Accident rates normally are expressed in terms of 

accidents per million vehicle-miles on roadway ~ections, and 

accidents per million entering vehicles for intersections. 

Use of accident rates provides a common l denominator for 

comparison of accident experience between different locations, 

or against a critical rate, in identifying locations with 

abnormal accident experience. Therefore, an important objective 

in further s y stem dev e lopment is provision of C4'1pability to 

calculate acc ident rates. 

To achieve this objective, a means must l be provided 

for supplying lengths of roadway sections and traffic volumes-­

the two additional e l ements necessary in accident rate calcu­

lation. Acquisition of these data items are discussed under 

"Systems Con s iderations." 

-21-



Control Limits - A quality control statistical technique 

for identifying high-accident locations was discussed in detail 

in the developmental report cited earlier. Thi~ technique per­

mits examination of each location to determine whether accident 

experience is significantly different than that ! for all other 

similar locations. 

Control limits are statistically established to define 

an abnormally high or low accident rate. The critical accident 

rate is determined by the following equation: 

R 
C 

_/If: 1 
= R + k" ~ - 2M a 

Where: R = critical accident ratf at a given 
C 1 . ocation; 

R = average accident rate I for the 
a corresponding roadway locational 

family; 

M = exposure at the givenl location over 
the surveillance peri d; and 

k = constant which corresfonds to the 
desired level of conf dence. 

This control-limit method for identifyi~g hazardous 

roadway loca t ions con f orms to the Policy and Pr! cedure Memorandum 

(PPM) 21-1 6 of the Federal Highway Administrati n. (2 ) 

(2 ) Highway Safety Improvement Pro·ects, Policy and Procedure 
Memorandum 21-1 6, Fede ral Highway Administr tion, U.S. 
De partment of Tr ct nsportation, March 7, 1969 
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Before -and-Afte r Studies - The control limitl method 

al s o ~an be used in assessing the effectiveness of r~medial 

actions in be fore-and-after studies. The accident r~te 

fo llowing an improvement can be compared with prior bccident 

experience to determine if a significant reduction hbs resulted. 

This is expressed as follows: 

R 
s 

~~ 1 
Rb - k" -ff + 2M 

Where: R 
s 

= accident rate which would ~ndicate 
a significant accident rat~ reduction; 
and 

Rb= accident rate before improvement 

Other statistical methods may be applicable f or evalu-

ating before-and-after accident experience. One applicable 

model is the Poisson distribution, which is an approkimation 

of the binomial density function when the probability of an 

event is low and the population in which it occurs i~ large. 

A "liberal test" has been developed, using the "before" 

time period accident frequency or rate as the expected value 

of the Poisson distribution. The percentage reduction in 

accidents that is statistically significant can be calculated. 

Another technique for before-and-after studi~s is the 

Chi-square t e st, or "conservative test." This test 1-s preferable 
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is a useful tool f or the safety engineer in relating ! accident 

cause to safety control devices and such design elem nts as 

highway geometrics, with the hope of improving desig and oper­

ational practices to minimize accident occurrences. This con­

sidera tion should be an objective of subsequent ALAS develop­

ment s teps. 

Systems Considerations 

While statistical analysis techniques are important 

in subsequent development of ALAS, it is equally imp~rtant 

that consideration be given to the interface and <lat management 

relate d to ISHC data files not directly a part of AL S. Without 

information from these files, many of the proposed s atistical 

a nalyses cannot be readily performed by data processing means. 

Use o f ex i sting data files in accident analy is will 

be a µa rt o f further development o f ALAS, to expand nd enhance 

its a c cide nt analysis capability--particularly as related to 

d eve lopment of accident rate analysis and correlation of accident 

ex p e rie nce with roadway features. 

The following discussion outlines some of the consider­

ations in developing inter-file linkage or a coordin~ted file 

management, to provide the needed data accessibility lconsidered 

desirable for further development of ALAS. 
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ComEatibility File - One means of attaini ng nter-file 

linkage is by development of a compatibility file. his file 

would b e e ssentially a "g o-between" of the Master Ac ident File 

and the ISHC Base Record File. 

Complete development of this compatibility f 

the three roadway s y stems in Iowa will be tedious and costly 

and require maintenance to reflect locational change J in the 

two files. 

The concept of the compatibility file has beJ n dis-

cussed in the deve lopmental study report. In buildi the 

file, a t e chnician mu st establish the continuity bet 

accident location re f erences and the roadway inve ntorr sec­

tions; s ubdiv ide the accident link or roadway section if they 

d o not c orrespond d i rectly ; ascertain the length of t ~e roadway 

segmen t; and trans f e r the refe rence information p e rtakning 

to the addre s sing scheme s, along with the section length, to 

a d a t a coding shee t. The data the n mus t be keypunche~ and 

ve rifi ed . 

Size of F ile Required. It has been estirnated l that about 

2 50,0 00 acc i dent a na lysis links will correspond to th$ 130,000 

I o wa sta t e wide roa dway node s. Add itional links attri~utable 

t o struc t ur e and rai l road nodes will incre ase the tot, l to 

a pproxima t e l y 300,00 0 . 
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It may be assumed that each accident link rn4 st be sub­

divided once, on average, to establish compatibilitJ with the 

section breaks o f the roadway inventory. There 

325,000 roadway inventory sections. Obviously, 

correspond directly, and others will have to be 

into several segments. It is estimated that 

ibility records will be needed to describe 520,000 

segments. 

Base Record File - The premise upon which 

ibility file concept was derived is that the Base 

was an established file and not subject to basic 

During the Phase I program, the ISHC has 

plans for making an intensive review of the Base 

File, which may open the possibility for using othe 

of obtaining compatibility between the Master Accid 

and the Base Record File. 

The following discussion explores some 

consideration by the ISHC in making its review 

Record File . 

Commo n Ba se of Reference - For interfacing 

f iles , a common base of r eferenc e is a highly desir 

of al l f iles which must be relate d. 
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With a common referencing system, interfaci of 

files becomes a straightforward operation. 

base of reference, or natural inter-file compatibil J ty, inter-

facing becomes more involved, having to rely upon sich techniques 

as development of compatibility files, or other manJally developed 

indexing methods. 

Roadway inventory files, commonly called the ISHC Base 

Records, are the primary files which would be utili~ed bv ALAS. 

The Base Record File is actually a set of itjventory 

files containing roadway inventory information for 

secondary and municipal road systems; structures fo j the three 

road systems; and a city/place file. 

Coordinated File System. Along a highway, 

or breaks, at which data characteristics change are !recorded 

relative to one another. In data processing, information for 

each of these essentially homogeneous roadway 

record, and a collection of records is a file. 

In a coordinated file system, all files 

rank or order and represent various classes of 

such as roadway inventory, sufficiency rating, 

bridge , and maintenance, etc. The existing 

sis a 

qual in 

y data 

accident, 

Highway 

Commission roadway inventory is essentially a master l file con­

sisting of most of these data. 
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For inter-referral purposes, i.e., for one file to 

access one or more other files, it is necessary to tie the 

separate files together. This can be done by relati~g all 

data records to a common base of reference. 

This base is known as a key, and is a relate 

of selected identifiers that uniquely define a recor 

a location). Commonly used identifiers by many stat 

series 

(hence, 

highway 

departments are: control section, milepost, county number and 

highway number. 

A record contains all the data associated wirh a par­

ticular key. In a direct-access file, each record i6 identified 

by a key and the file is resident in a direct access ! storage 

device, such as a disk pack. 

ISHC has excellent direct access storage fac'lity, 

with two IBM 3330 disk drives. For direct access us'ng a 

disk pack, each record has a discrete location and a unique 

address. Records are stored in such a way that any ecord can 

be accessed directly or indexed sequentially, instea of 

sequentially starting from the beginning, as in file r· on mag­

netic tapes. This concept of storing and retrieving data is 

very adaptable to a coordinated information retrieva~ system. 
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Desirable Features of a Key. In developmen 

data r e trieval system, it is logical that a "best" 

contro l ke y be sought. The attributes of such a ke 

that it: 

of a 

ecord 

are 

1. Is absolutely unique for each section, or a 

point on the highway ; 

2. I s simple to use both in field and in o~fice; 

3. I s based on some logical progression or 1sequence; 

4. I s a relatively short symbol (code); 

5. Is a meaningful symbol without extensiv 

r eference documents (control section ma etc. ) ; 

6. Is readily compensating for route chang and 

7. Involves minimum conversion from existi 

systems. 

In a national survey of state highway departlment data 

banks, (
3

) the following combinations of identifiers ~ere found 

to be in common use: 

1. Control section, milepost. 

2. County, route sequence. 

3. Project number. 

4. Federal aid system, route number, milepo~t. 

(3) Yu, F.C.F., "Design of a Computer-based Informat~on Retrieval 
Sy stem for Highway Planning," M.Sc. Thesis, Montana State 
University, 1970. 
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5. County, route number, section, log mile. 

6. Distance and direction from a given refe~ence point. 

7. System, district, highway number, agreembnt number, 

mileage. 

8. Road number, section, coordinates. 

File Organization- In order that informatio can be 

randomly sorted and retrieved, a record has to be ke ed inter­

nally. In an indexed sequential access method (ISAM the records 

in a file are organized on the basis of a collating $equence 

determined by th2 keys resident on each record. 

Currently ISHC's IBM 370/145 supports ISAM. An ISAM 

file exists in space allocated in a direct-access st rage device 

as the prime area, the index area, and the overflow rea. 

In the prime area, records are written when he file 

is created or organized, and the keys are irnbedded im the 

records. The index gives the location of a record, and the 

index area is created and written by the operating system (OS) 

of the computer when the file is created or reorgani~ed. 

The overflow area provides additional storage for use 

when the prime area becomes full. The latter featur4 is par­

ticularly useful when there is extensive updating actjivity. 
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The three roadway inventory systems (primarr, secondary, 

and municipal) currently used by the Iowa State Higiway Commission 

have several identifiers in common. These identifiers are: 

1. County 

2. Highway System Designation 

3. Route or Street Number 

4. Township (Tier) 

5. Range 

6. Section 

If a method could be developed to utilize tiese identi­

fiers common to all three systems to interface with lthe ALAS 

locational basis, then a common base of reference wluld virtually 

exist. 

The coordinate aspects of the public lands rvey method 

for subdivision of the State of Iowa (e.g. township range, 

section) and quasi-coordinate nature of node assign ents could 

possibly be used in developing a base of reference. I It may be 

possible to develop an algorithm which correlates 

from the Base Record File and the Master Accident 

common base of reference. 

formation 

For example, a direct correlation exists be~ween the 

township, range, section identification and the nod, assign­

ment in ALAS. The six-digit node assignment system is basically 
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coordinate in nature, with the township designation first 

and second digits) and relative location in the town hip 

(third through sixth digits) of the node number corr sponding 

approximately to X and Y offsets of a coordinate sys~em. 

Roadway section lengths (Z) could be approximated us~ng the 

relationship Z = ✓ (x 1 - x
2

)
2 + (Y

1 
- Y2 )

2 

Obviously, this is a matter which would additional 

study and in-depth review of locational elements of the Base 

Record File and level of accuracy required. Such an ~pproach 

would be rrore problematic in incorporated areas wherel there is 

more intensity of development of roads and streets, ahd facility 

identification is more difficult. 

Separate Information File - One means of provfding the 

capability for ALAS to calculate accident rates is bvl creation 

of a new "stand-alone" file which would contain link tLengths 

(distance between nodes) and traffic volumes (ADT). ~hese two 

parameters coupled with accident frequency, are requi 

calculating accident rate. 

Such a file would be created by coding node i 

cations, link lengths, and traffic volumes. 

file, it would require periodic updating independent 
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data f ile updating which the ISHC routinely conducts lfor the 

Base Record File. 

Use of such a stand-alone file would have liJ ited 

value in terms of the long-range objectives of ALAS. Although 

providing the capability to express accident experie 

terms of accident rates, it would not provide inter-

linkage with the Base Record File for access of ALAS to road­

way inventory information. 

Future Implementation 

An implementation program for ALAS was prese 

the Developmental Phase report. It was pointed out 

mentation of the total Accident Location and Analysi 

rests with two agencies of the State of Iowa: TRACI 

in 

imple­

System 

and the 

Iowa State Highway Commission. The responsibilities bf these 

two agencies are discussed with reference to ALAS fut/Ure 

development. 

TRACIS Responsi~ili.!:Y_ - TRACIS is to be respdnsible for 

the processing of accident reports, coding of locational data 

as well as accident data elements, entering accident f eports 

into the Accident Case File, aggregating all reports lfor each 

accident, che cking and resolving information conflict!s, and 

entering the records into the Traffic Accident File. I Finally, 
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TRACIS would supply periodically, an Accident Transar tion File 

t o the ISIIC for updating of the ALAS Master Accident File. 

ISHC Res£~~~ibility - Further development of lALAS is 

the r e sponsibility of the ISHC. The Phase I program has 

d e veloped a basic accident analysis system which has powerful 

capabilities in determining high accident locations, furnishing 

accident data for specific locations, or with specif c data 

attributes. 

ALAS, as now configured, is the foundation u on which 

a more comprehensive and powerful system can be deve oped. 

Future implementation will build upon the system as eveloped 

in the Phase I program. 

Implementation Objectives - There are two baiic 

objectives for subsequent implementation of ALAS. Te first 

objective is to develop the interface mechanism betwlen ALAS 

and the ISHC Base Record File to permit access to da a needed 

for expansion of ALAS capability. 

The second objective is aimed at further dev, lopment 

of the analysis capabilities of ALAS particularly as related 

to incorporation of information from the Base Record lFile. One 

of the most important capabilities to be gained will lbe the 

ability to compute accident rates. Statistical anal~sis 

techniques, as previously discussed, would be incorpdrated into 

ALAS. 
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Recommendations 

Future development of ALAS is seen as an ongoirg 

process. Initial effort should be focused upon develojping 

the inte r-file linkage between ALAS and the ISHC Base 

It is highly desirable to have an analysis 

statis tical techniques to complement ALAS. Ideally, 

stati s tical package should be available to analyze ac 

data a s s oon as a ccident data are available in su f fic~ent 

quantity for such analy ses. In accordance with considerations 

for future development as discussed in this chapter, 

r e commended that: 

1. An in-depth feasibility study be conducte 

to inv estigate the inter-face mechanism b 

ALAS and ISHC Base Record File of the fol 

a. Compatibility file, and 

b. Common base of reference. 

2. The findings of the feasibility study be 

implemented by appropriate system design 

programming. 

3. Development of statistical programs for A 

analysis package be implemented simultane 
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