Incentives That (Could Have) Saved Lives:
Government Regulation of Accident
Insurance Associations in Germany,
1884–1914
TIMOTHY W. GUINNANE AND JOCHEN STREB
Germany introduced compulsory industrial accident insurance in 1884. The
accident-insurance system compensated injured workers and survivors for losses,
but initially failed to limit the growth of accident rates. We trace this failure to the
1884 law’s faulty incentives and to an initial unwillingness to use the tools built
into the law. The government regulator increasingly stressed rules that forced
¿UPVWRDGRSWVSHFL¿FVDIHW\HQKDQFLQJLQQRYDWLRQVDQGSUDFWLFHV(FRQRPHWULF
analysis shows that more consistent use of the rules and the limited incentives
available under the law would have reduced industrial accidents earlier and more
extensively.

I

n 1914, accidents killed 682 German steel workers for every million
worker-years of employment. By 2011 that risk had declined to 15
deaths per million worker-years.1 Revulsion with high accident rates
during Germany’s early industrialization constituted a core reason for the
accident-insurance system Reich Chancellor Otto von Bismarck introduced in 1884 as part of his famous social-insurance scheme. Those who
fought for the system’s creation thought it would lead to safer workplaces
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years prior to WWI accident rates declined only modestly. The death rate
for the steel industry, for example, actually increased from about 533 per
million-worker-years in 1887 before beginning a steady decline starting
at the turn of the twentieth century. Contemporaries disappointed with
accident reduction perhaps gave the system too little credit. Other changes
taking place in the later nineteenth century would have increased accident
rates considerably in the absence of the measures taken by the accidentLQVXUDQFHV\VWHP/DUJHUSODQWVZHUHPRUHGDQJHURXVIRUH[DPSOHDQG
plant size expanded rapidly in the decades before WW1. By adopting the
measures we document later, the system prevented a worsening accident
rate. The system’s backers faced the problem familiar to many policymakers, claiming credit for success on the basis of a counter-factual. This
article studies the reasons for the slow improvement in safety, which
UHÀHFWHGDFRPELQDWLRQRIÀDZHGGHVLJQDQGDUHOXFWDQFHWRXVHWKHWRROV
available to the insurance carriers.
7KHDFFLGHQWLQVXUDQFHV\VWHPDFKLHYHGRQHJRDOLWSURYLGHG¿QDQFLDO
compensation to injured workers and their survivors in a routine, formalized way. But it was nonetheless disappointing. We show that German
LQGXVWULDO¿UPVKDGDFFHVVWRSROLF\WRROVWKDWZHUHLIXVHGTXLWHHIIHFtive in reducing accidents. What they lacked was an incentive to use these
tools: establishing and enforcing safety rules, for example, cost money,
and the costs of compensating accident victims were pegged to the relatively low wages prevailing in German industry at the time. The system,
PRUHRYHUDOORZHGLQGLYLGXDO¿UPVWRVKLIWFRVWVWRRWKHU¿UPV7KXVZH
see in this example an early version of the problem that often plagues
VRFLDOLQVXUDQFHV\VWHPVWKH\DUHJRRGDWSURYLGLQJEHQH¿WVEXWFDQEH
expensive because the systems often do not use mechanisms that induce
¿UPVDQGZRUNHUVIRUH[DPSOHWRSURGXFHVDIHO\&RPSHQVDWLQJDFFLdent victims is costly, and does not enhance worker welfare as much as
SUHYHQWLQJDFFLGHQWVLQWKH¿UVWSODFH
(FRQRPLVWVLQFUHDVLQJO\VWUHVVWKHUROHRIKXPDQFDSLWDOLQORQJUXQ
economic development, seeing the decline of mortality and increasing
education levels as central to the transition to the levels and rates of
growth of income we enjoy today. The accident-insurance system we
study here (along with its counterparts elsewhere) contributed to the
growth of human capital, both by reducing the chance that trained workers
would die or become disabled in the course of doing their jobs, and by
JLYLQJ ¿UPV LQFUHDVHG LQFHQWLYHV WR HPSOR\ KLJKO\VNLOOHG ZRUNHUV
Social insurance programs today form a central part of most developed
countries’ economic systems, but demographic change combined with
rising medical-care costs threatens the solvency of these programs. An
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economics literature asks how systems can be designed to provide incentives to reduce the costs of meeting the social insurance system’s goals.
7KLVDUWLFOHDGGUHVVHVWKDWTXHVWLRQLQDQKLVWRULFDOFRQWH[W7KH*HUPDQ
V\VWHP ZDV DQ LPSRUWDQW UROH PRGHO IRU VLPLODU V\VWHPV DFURVV (XURSH
and for the American workman’s compensation scheme introduced in the
early twentieth century. In contrast to the latter, however, the functioning
of the German system has not been well-researched. This article closes
that gap. We show that when it comes to social legislation and regulation
WKHGHYLOLVLQWKHGHWDLOV*HUPDQ¿UPVFRXOGKDYHUHGXFHGIDWDODFFLGHQWV
considerably if insurance carriers had used the available regulatory tools.
The system Germany introduced in 1884 formed the second pillar
RI %LVPDUFN¶V V\VWHP RI VRFLDO LQVXUDQFH +HDOWK LQVXUDQFH FDPH
¿UVW LQ   %LVPDUFN¶V V\VWHP FUHDWHG D QHZ VSHFLDOSXUSRVH
entity called a Berufsgenossenschaft (hereafter BGS). The BGS was
D PXWXDO LQVXUDQFH FDUULHU IRU ¿UPV LQ UHODWHG LQGXVWULHV (DFK %*6
had considerable autonomy, subject only to some oversight from the
Reichsversicherungsamt KHUHDIWHU59$ WKH,PSHULDO,QVXUDQFH2I¿FH
The system had two elements that would seem to provide the BGS with
WKHPHDQVWRUHGXFHDFFLGHQWV)LUVWHDFKPHPEHU¿UPSDLGDQLQVXUDQFH
contribution that was partly experience-rated. Second, the BGS could
issue rules governing safety practices (Unfallverhütungsvorschriften) for
WKH IDFWRULHV UXQ E\ LWV PHPEHU ¿UPV 7KH %*6 DSSRLQWHG LQVSHFWRUV
WRPDNHVXUHWKHUXOHVZHUHIROORZHGDQGFRXOG¿QH¿UPVWKDWGLGQRW
comply with these rules.
Accident insurance’s advocates had two goals. They wanted to shield
ZRUNHUVDQG¿UPVIURPWKHHFRQRPLFFRQVHTXHQFHVRIDFFLGHQWV7KH\
also sought to combat a rising toll of industrial accidents. By mandating
SD\PHQWVDQGFUHDWLQJODUJH¿QDQFLDOO\VROLGLQVXUDQFHFDUULHUVWKHQHZ
V\VWHPPHWWKH¿UVWJRDODGPLUDEO\)LJXUHVKRZVWKHV\VWHPGLGOHVVWR
reduce accidents.27KHVH¿JXUHVUHSRUWPHGLDQDQQXDODFFLGHQWUDWHVIRU
all insurance funds combined. Accidents of all types increased to 1905,
and declined only slightly from that date. The accident rates remained
appalling: as late as 1914, accidents that killed or seriously injured
ZRUNHUVZHUHQHDUO\WZLFHDVFRPPRQDVZKHQWKHV\VWHPZDV¿UVWLQWURduced, and in some individual sectors the picture was much worse.3 The
overall accident rate includes a category of minor accidents that were not
2

7KHQRWHVWR)LJXUHSURYLGHSUHFLVHGH¿QLWLRQVRIWKHVHUDWHV
 7KHVH ¿JXUHV DUH IURP WKH ³%*6 GDWDEDVH´ ZKLFK FRQVLVWV RI DQQXDO REVHUYDWLRQV RQ DOO
accident-insurance carriers from 1885 through 1914. For most purposes we omit 1885, for which
reports are only partial. We provide more detail and sources for this database in the Online
Appendix.
3
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$&&,'(175$7(6)25:25.(56&29(5('%<$%*6±
Note: Rates computed as accidents per thousand workers covered in that year. “All serious
DFFLGHQWV´DUHWKHVXPRIIDWDOGLVDEOLQJDQGVHULRXVDFFLGHQWV'LVDEOLQJDFFLGHQWVDUHWKRVHWKDW
leave the employee unable to work for at least six months. Serious accidents as those that leave the
HPSOR\HHXQDEOHWRZRUNIRUPRUHWKDQZHHNVDQGOHVVWKDQVL[PRQWKV7KLV¿JXUHH[FOXGHV
³PLQRUDFFLGHQWV´ZKLFKZHGH¿QHDVDFFLGHQWVWKDWFRVWWKHHPSOR\HHOHVVWKDQZHHNVRI
work. Fatal accidents are plotted on the right-hand axis. See text for additional discussion of
GH¿QLWLRQVDQGUHSRUWLQJLVVXHV
Source: Reichs-Versicherungsamt (ed.). Amtliche Nachrichten des Reichs-Versicherungsamts,
±±%HUOLQ

part of the compulsory accident insurance scheme. Because of this fact,
and because of reporting issues we explore below, in the remainder of the
article we focus on the accidents reported in Figure 1.
7KHWRWDOVUHSRUWHGLQ)LJXUHUHÀHFWWKHQHWHIIHFWRIVHYHUDOGLIIHUHQW
FKDQJHVDOORIZKLFKZHXQSDFNLQWKLVDUWLFOH(YHQ)LJXUHVXJJHVWV
some improvement in fatal accidents and in the next most-serious category, accidents that left workers disabled for long periods. In a few especially dangerous sectors, such as steel production, the overall accident
rate began to decline in the years just prior to 1914. The steel industry’s
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experience also hints at a more general pattern: while the overall accident
rate in many industries did not decline as much as hoped, the stagnant
RYHUDOODFFLGHQWUDWHUHÀHFWHGDIDOOLQIDWDODFFLGHQWUDWHVFRXSOHGZLWK
DQLQFUHDVHLQWKHLQFLGHQFHRIDFFLGHQWVZLWKOHVVVHULRXVFRQVHTXHQFHV
2XU¿QGLQJVVXJJHVWWKLVH[SHULHQFHFRXOGKDYHEHHQPRUHJHQHUDO4
3UHYLRXVUHVHDUFKRQWKH8QLWHG6WDWHVKDVFRQFHQWUDWHGRQWKHWUDQVLtion from liability for negligence to workers’ compensation. James R.
Chelsius (1976) focuses on fatal industrial accidents caused by machinery
(other than motor vehicles) between 1900 and 1940. Introduction of strict
OLDELOLW\ LQ WKH $PHULFDQ VWDWHV VLJQL¿FDQWO\ UHGXFHG WKHVH IDWDO DFFLdents. Price V. Fishback (1987) found the opposite effect in American
FRDOPLQLQJZKHUHLWZDVHVSHFLDOO\GLI¿FXOWWRHQIRUFHVDIHW\UXOHV:H
unfortunately cannot study the German accident insurance’s effects by
FRPSDULQJDFFLGHQWUDWHV³EHIRUH´DQG³DIWHU´LWVLQWURGXFWLRQWKHRQO\
comprehensive data on accidents are due to the system itself. Rather,
we focus on the impact of policy changes within the accident insurance
system. We begin with an overview of the pre-history of the accident
insurance system, and then describe the 1884 law and the institutions it
FUHDWHG$VLPSOHPRGHOKHOSV¿[LGHDVDERXWWKH ZHDN LQFHQWLYHV¿UPV
had to reduce accidents before and after 1884. We then use reports from
the accident-insurance regulator to estimate the determinants of accidents
and the effect of policy changes on accident rates. Our results imply that
the main problem was a reluctance to use the tools available.
)520/,$%,/,7</(*,6/$7,2172$&&,'(17,1685$1&(

7KHDFFLGHQWLQVXUDQFHOHJLVODWLRQUHÀHFWHGGLVVDWLVIDFWLRQZLWK
earlier approaches. In the 1860s industrial accidents became the subject
of extensive discussion. The political historiography stresses the accident-insurance system as part of an effort to co-opt the labor movement.
/DERU JURXSV DUJXHG WKDW LQGXVWULDO DFFLGHQWV UHÀHFWHG WKH DEXVH RI
ZRUNHUVE\WKHFDSLWDOLVWV\VWHP¿UPVFRXOGVDYHPRQH\E\QRWPDNLQJ
VDIHW\LPSURYHPHQWVLQVWHDGOHWWLQJZRUNHUVEHDUWKHKXPDQDQG¿QDQFLDOFRQVHTXHQFHVRILQMXU\DQGGHDWK2WKHUREVHUYHUVFRPSODLQHGWKDW
the cost of industrial accidents fell on taxpayers through the local poor
ODZ,QGXVWULDO¿UPVSURYLGHGDVPDOOVKDUHRIWKHWD[HVWKDWVXSSRUWHG
the poor relief system.
4
The Online Appendix discusses this issue in greater detail, and reports estimates of the
incidence of minor accidents.
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An increase in industrial accidents formed the backdrop to these discusVLRQV7KUHHHVSHFLDOO\EDGDFFLGHQWVLQWKHSHULRG±NLOOHGD
total of 540 miners (Kleeberg 2003, p. 86 ff). The local Knappschaften (a
mutual-insurance system for miners only) paid for medical expenses and
GLVDELOLW\ SHQVLRQV EXW WKH ODWWHU ZHUH SHUFHLYHG DV LQDGHTXDWH %R\HU
1995, p. 21). Outside the mining industry there was no comparable
system of social protection. Public opinion was particularly offended
that the surviving relatives of the victims were not entitled to compensation from the employer. Survivors could only hope for support from poor
relief.5
In response to these problems the government introduced the Imperial
/LDELOLW\ $FW RI  -XQH  ZKLFK LQ WKHRU\ PDGH ¿UPV ¿QDQFLDOO\
UHVSRQVLEOH IRU WKH FRQVHTXHQFHV RI DFFLGHQWV 7KH ZD\ LW DVVLJQHG
responsibility, however, made the law at best a partial success. Strict
liability applied only to railways (Kleeberg 2003). For other sectors, the
law placed the burden of proof on the injured worker. The Act obliged
employers to compensate accident victims or their survivors only if the
worker could prove that the owners had caused the accident by their
RZQDFWVRURPLVVLRQV/DERUJURXSVRSSRVHGWKH$FWDUJXLQJWKDW
EHFDXVHRIWKHLUOLPLWHGHGXFDWLRQDQG¿QDQFLDOUHVHUYHVZRUNLQJSHRSOH
could rarely pursue legal action against their employers, even if likely to
eventually win.6
0DQ\HPSOR\HUVSXUFKDVHGOLDELOLW\LQVXUDQFHWRPHHWSRWHQWLDOFRVWV
under the 1871 Act. Contemporaries claimed these insurance policies
exacerbated the problem because insurance companies had a greater
interest in and expertise at avoiding or delaying payments.7 The liability
OHJLVODWLRQOHIWHPSOR\HUVHTXDOO\XQKDSS\0DQ\FRPSODLQHGWKDWMXGJHV
too often ruled in favor of an injured worker and too often assigned
XQUHDVRQDEOH GDPDJHV /HKU  SS ±  $FFRUGLQJ WR /RXLV
%DDUHWKH'LUHFWRU*HQHUDORIWKH%RFKXP$VVRFLDWLRQRI0LQLQJDQG
5
On Knappschaften see Guinnane and Streb (2011), Guinnane, Jopp, and Streb (2012) as
well as Jopp (2011a, 2011b, 2012). For a discussion of these accidents see Kongress deutscher
Volkswirte (1869).
6
Shavell’s (2007, p. 280) theoretical analysis stresses that in a strict liability system, incentives
WRLPSURYHZRUNHUV¶VDIHW\DUHZHDNZKHQLWLVGLI¿FXOWWRDVVLJQUHVSRQVLELOLW\IRUKDUP
7
See, for example, Norddeutsche Allgemeine Zeitung/LWWOHLVNQRZQDERXWWKHOLDELOLW\
LQVXUDQFH LQGXVWU\ WKDW FRYHUHG ¿UPV LQ WKH SHULRG ± $SSDUHQWO\ PDQ\ RI WKH ¿UVW
employees in the new BGS were former employees of insurance companies who had been let go
when the 1884 law reduced demand for their product. The RVA attributed the success in starting
WKHV\VWHPTXLFNO\WRWKHH[SHULHQFHDQGDYDLODELOLW\RIWKHVHHPSOR\HHV *HVFKlIWVEHULFKW
GHV59$IUGLH=HLWELV]XP'H]HPEHU%$UFK5 
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Cast Steel, this situation led many accident victims to gamble on a big
ZLQLQFRXUW³,IWKHZRUNHUZLQVKHEHFRPHVDSHQVLRQHULIKHORVHVKH
EHFRPHVDEHJJDU´8
The 1884 Act
7KHDFFLGHQWLQVXUDQFHV\VWHPDW¿UVWSHUWDLQHGWRDOOHPSOR\HHVZLWK
DQDQQXDOLQFRPHRIXSWR0DUNVZKRZRUNHGLQPLQHVVDOWZRUNV
SURFHVVLQJ SODQWV TXDUULHV VKLS\DUGV IDFWRULHV DQG VWHHO PLOOV /DWHU
legislation expanded the compulsory insurance to other occupations/
groups such as agricultural and construction workers.9,QWKH¿UVW
year for which comprehensive data are available, the system insured
almost three million workers. By 1914, through the extension of the
system to new industries and the growth of industries already covered,
WKDWFRYHUDJH¿JXUHKDGJURZQWRPLOOLRQLQGXVWULDOZRUNHUV10
The 1884 law forbad private-law claims against employers, so the
insurance premia were the only costs to employers. These restrictions
seem to have reduced expenses per accident. According to one estimate,
H[SHQVHVSHUDFFLGHQWIRURQHRIWKH%*6LQZHUHDERXW0DUNV
,QWKHGDPDJHVFRYHUHGE\WKHSULYDWHDFFLGHQWLQVXUHU/HLS]LJHU
8QIDOOEDQNDPRXQWHGWRPRUHWKDQ0DUNVSHUDFFLGHQW /HKU 11
Workers made no direct contribution to the BGS, but they still bore some
RIWKHFRVWV)RUWKH¿UVWZHHNVDIWHUDQDFFLGHQWPHGLFDOFRVWVDQG
replacement pay were shouldered by the worker’s health-insurance fund
rather than the BGS, and workers paid one-half the costs of their health
LQVXUDQFH 7KH  ODZ UHTXLUHG WKDW DQ LQMXUHG ZRUNHU UHFHLYH DOO
QHFHVVDU\PHGLFDOFDUHIUHHRIFKDUJH7KHODZDOVRVSHFL¿HGDPHQXRI
8
 3URPHPRULD GHV .RPPHU]LHQUDWV /RXLV %DDUH IU GHQ SUHXLVFKHQ +DQGHOVPLQLVWHU .DUO
+RIPDQQ$SULOLQ%RUQHWDO S 7KHVLWXDWLRQSUHYDLOLQJLQ*HUPDQ\XQGHU
the 1871 liability law echoes problems that arose in Anglo-Saxon countries under common-law
doctrines of liability.
9
See Gesetz über die Ausdehnung der Unfall- und Krankenversicherung (28 May 1885);
Gesetz, betreffend die Fürsorge für Beamte und Personen des Soldatenstands in Folge von
Betriebsunfällen (15 March 1886); Gesetz betreffend die Unfall- und Krankenversicherung
der in land- und forstwirtschaftlichen Betrieben beschäftigten Personen (5 May 1886); Gesetz,
betreffend die Unfallversicherung der bei Bauten beschäftigten Personen (11 July 1887); and
Gesetz, betreffend die Unfallversicherung der Seeleute und anderer bei der Seeschifffahrt
beteiligten Personen (13 July 1887).
10
The occupational census of 1907 reported 11.2 million industrial workers in total. We focus
throughout on industrial workers.
11
Fishback and Kantor (2000) and Fishback (1987) note that the average compensation to
DFFLGHQWYLFWLPVLQWKH8QLWHG6WDWHVURVHZKHQVWDWHVLQWURGXFHGZRUNPDQ¶VFRPSHQVDWLRQODZV
%XWLQWKH8QLWHG6WDWHVPDQ\LQMXUHGZRUNHUVKDGSUHYLRXVO\UHFHLYHGOLWWOHRUQRFRPSHQVDWLRQ
:HFDQQRWVD\ZKHWKHUFODLPVSDLGDIWHUUHÀHFWHGOHVVVHULRXVDFFLGHQWVWKDQWKRVHSDLG
prior to the new system.
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PDQGDWRU\DGGLWLRQDOEHQH¿WVEDVHGRQWKHZRUNHU¶VLQFRPHDWWKHWLPH
of the accident. A permanently disabled worker, for example, received
66.6 percent of his last earnings as a pension.12 A widow received 20
percent of her husband’s last earnings (until she remarried), and each
surviving child received 15 percent of the worker’s earnings until the
age of 15.13 Thus while instituting a form of strict liability, the 1884 Act
capped damages.
Both workers and factory owners approved of the shift to insurance
ZLWK WKH  $FW /DERU JURXSV SUHIHUUHG WKH LQVXUDQFH DSSURDFK
EHFDXVH LW UHPRYHG WKH TXHVWLRQ RI ³IDXOW´ IURP WKH FRPSHQVDWLRQ
discussion. The owners also preferred accident insurance to the older
liability scheme. Insurance made accident costs limited and calculable
ERWK E\ DVVLJQLQJ VSHFL¿F WDULIIV WR SDUWLFXODU W\SHV RI RXWFRPHV DQG
E\SRROLQJFRVWVDFURVVDODUJHQXPEHURI¿UPVDQGWKXVPDNLQJLQVXUDQFHFRVWVVWDEOH :LFNHQKDJHQ%|GLNHU 7KLVLVLQOLQHZLWK
)LVKEDFN¶V  ¿QGLQJIRUWKH8QLWHG6WDWHVZKHUHHDFKRIWKHPDMRU
interest groups (employers, workers, insurers) welcomed the change
from common law negligence liability to a form of strict liability.
The institutional heart of the accident insurance system was the BGS.
(DFK%*6 FRQVLVWHGRIDJURXSRI¿UPVLQUHODWHGLQGXVWULHV7KH ODZ
allowed companies to create either a single, nation-wide organization, or
to form regional groupings within a single industry. Both types of BGS
emerged. All German musical-instrument makers, for example, belonged
to a single BGS. The iron and steel industry, on the other hand, established eight regional BGS. The BGS paid all costs for therapies, accident
EHQH¿WVDQGDGPLQLVWUDWLYHFRVWVDQGIXQGHGWKHVHH[SHQVHVE\OHY\LQJ
FRQWULEXWLRQVRQPHPEHU¿UPV14 This article focuses on the operation of
the accident-insurance system, and thus defers the political economy of
LWVFUHDWLRQWRDODWHUSRLQWLQWKHSURMHFW<HWWKHV\VWHP¶VGHVLJQPD\
UHÀHFWLWVRULJLQVLQZD\VWKDWDIIHFWHGLWVSHUIRUPDQFH1RWDOOUHOHYDQW
DFWRUV IDYRUHG WKH V\VWHP DV LW FDPH LQWR EHLQJ ,VDEHOD 0DUHV  
argues that some high-risk producers (such as iron and steel) had wanted
a national system that would allow them to shift some of their costs to
safer sectors (such as textiles). The BGS system made such cost-shifting
across sectors impossible. But the system clearly tolerated cost-shifting
within %*6 SHUKDSV IURP ODUJH WR VPDOO ¿UPV /DUJHU ¿UPV UHFHLYHG
12
7KH*HUPDQV\VWHPKDGQRDEVROXWHPD[LPXPEHQH¿WVRWKHUHSODFHPHQWrate was the same
for all workers.
13
$OOZLGRZDQGRUSKDQEHQH¿WVWRJHWKHUFRXOGQRWH[FHHGSHUFHQWRIWKHZRUNHU¶VODVW
wages.
14
All costs after the initial 13-week period charged to the sickness insurance fund, that is.
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more votes for the governing bodies of the BGS. A small number of large
¿UPVFRXOGRXWYRWHVPDOOHU¿UPVZLWKLQWKH%*6DQGWKLVSRZHUZRXOG
HQDEOHWKHPWRDGRSWSURFHGXUHVWKDWZRXOGSHQDOL]HVPDOO¿UPVUHODWLYH
to their actual risks.15
Table 1 provides a statistical overview of the 68 industrial BGS that
existed in 1914. We organize them into the 26 sectors used by the RVA
(and the industrial census). Some BGS formed late in our period after
FKDQJHVLQWKHODZUHTXLUHGFRYHUDJHRIDEURDGHUJURXSRIZRUNHUV7KH
size of the average BGS differed considerably across sectors, from the
huge organizations in construction, mining, and iron and steel down to
the small groups for insurance and musical instruments.
$//2&$7,1*&2676

Perhaps the BGS’s most important task was to allocate the costs of
DFFLGHQWVDFURVVPHPEHU¿UPV7RGRWKLVWKH%*6FRQVWUXFWHGDULVN
HVWLPDWHWKDWVXSSRVHGO\UHÀHFWHGHDFK¿UP¶VFRQWULEXWLRQWRH[SHFWHG
FRVWV :H ZLOO UHIHU WR WKH HQWLUH VFKHPH DV WKH ³WDULII´ DQG WKH LQGLYLGXDO ULVN ¿JXUH DVVLJQHG WR HDFK ¿UP DV LWV ³ULVN OHYHO´  (DFK %*6
ZDVUHTXLUHGWRFRQVWUXFWDWDULIILQWHQGHGWRODVWIRU±\HDUVDWWKHHQG
of one tariff period, the BGS proposed a new tariff. While the BGS was
responsible for proposing a tariff, the RVA had to approve each tariff
before it could go into effect, and the RVA could make suggestions to
prod the BGS in a different direction. The BGS assigned each establishment (Betrieb WRD³ULVNFODVV´ Gefahrenklasse WKDWUHÀHFWHGLQSULQciple the expected costs of accidents in an establishment of that type.
Table 2 reports an example, the scheme for the smelting and rolling-mill
BGS in 1886. A risk class for a given BGS might consist of heterogeneous plants such as cast-iron works and cannon foundries. The idea was
to group plants together if their accident risks were similar, not to group
establishments by technology or product.16
([SHULHQFH UDWLQJ LQ D PRGHUQ LQVXUDQFH V\VWHP PHDQV WKDW D JLYHQ
¿UP¶V SUHPLXP UHÀHFWV ERWK LWV LQKHUHQW ULVN GXH WR LWV DFWLYLW\ HJ
Our considerable efforts have not yielded any archival information for the BGS in the period
prior to WWI. The archive consulted for this project is for the RVA. Presumably the BGS’s
LQWHUQDOUHFRUGVZRXOGHQDEOHXVWRVWXG\VRPHRIWKHTXHVWLRQVOHIWXQDQVZHUHGLQWKHSUHVHQW
article.
16
A detailed description of the contribution calculation can be found in the Rheinisch:HVWIlOLVFKH 0DVFKLQHQEDX XQG .OHLQHLVHQ%HUXIVJHQRVVHQVFKDIW 6WDWLVWLVFKH 7DEHOOHQ ]XU
(UPLWWOXQJGHU*HIDKUHQ]LIIHUQIUGHQYRP-DQXDU«%$UFK57UDQVODWLRQVIURP
German in this article are our own. We will provide the German original (from archival material)
XSRQUHTXHVW
15

TABLE 1
29(59,(:2)7+(%(58)6*(1266(16&+$)7(1$62)
Total number of
Workers

Workers
Per Plant

Fatal Accident
Rate

%*6<HDUV

Classes/Span
Information?

13
1
2
4
1
1
8
2
1
1
3
1
1
4
1
2
1
4
2
1
1
8
2
1
1
1

195,419
12,635
13,343
20,540
8,700
15,014
48,488
746
3,756
8,339
24,788
1,110
50,667
72,462
8,197
6,986
1,515
131,717
5,800
57,585
4,321
18,717
92,591
1,456
20,819
10,228

1,040,862
165,379
1,240,588
178,217
51,660
245,980
1,315,280
211,857
72,021
306,773
157,483
83,069
40,471
393,534
94,087
193,915
55,196
654,466
204,699
320,586
332,185
911,453
431,905
77,547
47,859
181,231

5.3
13.1
93.0
8.7
5.9
16.4
27.1
284.0
19.2
36.8
6.4
74.8
0.8
5.4
11.5
27.8
36.4
5.0
35.3
5.6
76.9
48.7
4.7
53.3
2.3
17.7

0.763
0.057
1.392
2.390
0.059
0.721
0.617
0.898
0.553
0.239
0.607
0.186
0.055
0.425
0.350
0.117
0.084
0.549
0.417
0.259
0.858
0.119
1.647
0.179
0.570
0.485

387
30
60
114
30
30
240
60
30
30
90
30
2
120
30
60
30
107
60
13
30
240
58
30
2
30

<HV
<HV
<HV
<HV
No
<HV
<HV
No
No
<HV
<HV
<HV
No
<HV
<HV
<HV
No
<HV
<HV
No
No
<HV
<HV
<HV
No
<HV

Note: Accident rate is per thousand worker-years.
Source: BGS database.
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Construction
Apparel
0LQLQJ
Inland water transport
Printing
Chemical industry
Iron and steel
Railways
(QHUJ\LQGXVWU\
Precision engineering
Drinks and tobacco
Glass industry
Trade
Wood processing
/HDWKHULQGXVWU\
0HWDOSURGXFWLRQ
0XVLFDOLQVWUXPHQWV
Foodstuff
Paper industry
Smithing
Chimney sweeper
Textiles
Transportation and storage
Pottery
Insurance
Brick manufacture

BGS
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TABLE 2
7$5,))2)7+(RHEINISCH-WESTFÄLISCHE HÜTTEN- UND WALZWERKSBERUFSGENOSSENSCHAFT2&72%(5
Risk Class

Risk Figure

Industry Branches Belonging to This Category

I

25

/LPHZRUNVDQGVXSSOHPHQWDU\EULFNZRUNV

II

35

Silverworks, iron wire drawers

III

50

Blast furnaces

IV

65

Iron and steel rolling mills

V

80

Cast iron works, cannon foundries

VI

100

Iron bridge installation

Source: Bundesarchiv R 89/15622.

manufacturing engines), and an adjustment upwards or downwards that
UHÀHFWVWKDW¿UP¶VRZQDFFLGHQWKLVWRU\([SHULHQFHUDWLQJLQWKH%*6
system was cruder. First, the relevant experience was for all establishments of a given type within a BGSQRWIRUDSDUWLFXODU¿UP7KXVD¿UP
with a plant in risk class I would see its insurance costs go up or down
with accidents in risk class I, even if those accidents occurred in plants
EHORQJLQJWRRWKHU¿UPVLQWKH%*67KLVVXEWOHW\ZDVSRRUO\XQGHUVWRRG
LQWKHHDUO\\HDUVRIWKHLQVXUDQFHV\VWHP%*6ERDUGVKDGWRUHH[SODLQ
WKHV\VWHPRYHUDQGRYHUWR¿UPVWKDWKDGH[SHULHQFHGIHZDFFLGHQWV
but that nonetheless were assigned to high risk classes.17
(DFK %*6 XVHG LWV RZQ DFFLGHQW VWDWLVWLFV WR FRQVWUXFW WKHVH WDULIIV
,Q WKH PHWKRG RULJLQDOO\ XVHG WKH DYHUDJH ULVN OHYHO RI OLNH ¿UPV LQ D
sector was reported as a weighted sum of the number of accidents per
ZRUNHUV)RUIDWDODFFLGHQWVWKHZHLJKWZDVDVVXPHGWREHIRU
DFFLGHQWVWKDWFDXVHGSHUPDQHQWWRWDOLQFDSDFLW\IRUDFFLGHQWVWKDW
FDXVHGSHUPDQHQWSDUWLDOLQFDSDFLW\DQGDFFLGHQWVWKDWFDXVHGWHPSRUDU\LQFDSDFLW\ZHUHDVVLJQHGDZHLJKWRIXQLW\ +DUWPDQQS 
7KHZHLJKWVZHUHVXSSRVHGWRUHÀHFWWKHFRVWVWRWKH%*6VRIGLIIHUHQW
W\SHVRIDFFLGHQWV:LGRZ¶VEHQH¿WVZHUHIRUH[DPSOHPXFKOHVVFRVWO\
WKDQ WKH GLVDELOLW\ SHQVLRQ UHTXLUHG IRU D SHUPDQHQWO\ LQFDSDFLWDWHG
worker.18
,Q0D\WKH59$LQIRUPHGWKH%*6VWKDWKHQFHIRUWKWKH\PXVW
XVH D QHZ ZD\ RI FDOFXODWLQJ WKH ¿JXUHV 7KH QHZ DSSURDFK UHSODFHG
the crude weights noted earlier with the BGS’s expenditure on medical
WUHDWPHQWV DQG DFFLGHQW EHQH¿WV IRU HDFK W\SH RI DFFLGHQW GLYLGHG E\
17
 6HH IRU H[DPSOH 5KHLQLVFK:HVWIlOLVFKH 0DVFKLQHQEDX XQG .OHLQHLVHQ
%HUXIVJHQRVVHQVFKDIW6WDWLVWLVFKH7DEHOOHQ]XU(UPLWWOXQJGHU*HIDKUHQ]LIIHUQIUGHQYRP
-DQXDUDEQHXHLQ]XIKUHQGHQ*HIDKUHQWDULI%$UFK5
18
+DUWPDQQ S SURYLGHVDQH[DPSOHIRUDWH[WLOH%*6LQWKHSHULRG±
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the aggregate wages and salaries of the companies concerned. The RVA
UHTXLUHGWKLVFDOFXODWLRQWREHEDVHGRQall data since the BGS was established, and not just on accidents recorded under the most recent agreement.19 7KH FRPSDQ\VSHFL¿F FRQWULEXWLRQ XQLWV &8i) of the member
¿UPV Q  ZKLFK ZHUH FDOFXODWHG DV WKH SURGXFW RI WRWDO ZDJHV DQG
salaries (Wi) and the risk level (Gi), became the basis for allocating the
%*6V¶¿QDQFLDOEXUGHQ,QWKHVHFRQGVWHSRIWKHDVVHVVPHQWV\VWHPWKH
LQGLYLGXDOFRQWULEXWLRQIRUD¿UPL &i) was determined as the product of
its relative share in all contribution units (ci) and the total expenditures
RIWKDW\HDU ( 
Ci = ci ⋅ E =

CU i
n

∑

⋅E =

i =1

Wi ⋅ Gi
n

∑ Wi ⋅ Gi

⋅ E.

(1)

i =1

)RUPRVWRIWKHSHULRGXQGHUVWXG\WKHDYHUDJH%*6FROOHFWHGIURP¿UPV
a sum representing about 1.6 percent of the wage bill. But there is a great
GHDORIGLVSHUVLRQDURXQGWKDWPHDQWKHWRSSHUFHQWRI%*6FROOHFWHG
about 2 percent, while the bottom 25 percent collected about 0.1 percent.
Variations in costs across industries line up closely with the variations in
accident rates reported in Table 1.
$02'(/2),1&(17,9(6:,7+7+(%*6&267$//2&$7,21

%HIRUHFRQVLGHULQJWKHKLVWRULFDOHSLVRGHLQGHWDLOZH¿UVWRXWOLQHD
VLPSOHPRGHOWRHYDOXDWHWKHLQFHQWLYHHIIHFWVLPSOLFLWLQWKH/LDELOLW\$FW
RIDQGWKHODWHU%*6¶WDULIIV\VWHP$VVXPHWKDW¿UP L SURGXFHV
RXWSXW \ ZLWKWKHWZRLQSXWVODERU O DQGFDSLWDO F 7KH¿UP¶VWHFKnology can be described by the following production function:
y = f (l,c).

(2)

Assuming a competitive environment with given output price (p), wage
Z DQGLQWHUHVWUDWH U SUR¿WPD[LPL]DWLRQOHDGVWRWKHSUR¿WPD[LPLzation condition
∂y

∂l = w .
∂y
r
∂c

(3)

19
6FKUHLEHQDQGLH9RUVWlQGHGHUJHZHUEOLFKHQ%HUXIVJHQRVVHQVFKDIWHQYRP0DL
BArch 89/630.
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7KH¿UP¶VSURGXFWLRQSODQ \0, l0, c0) is optimal if and only if the ratio
RIWKHPDUJLQDOSURGXFWVRIODERUDQGFDSLWDOLVHTXDOWRWKHLUSULFHUDWLR
We use this production plan in the following as a benchmark. Suppose
QRZ WKDW D VWULFW OLDELOLW\ ODZ UHTXLUHV WKH ¿UP WR EHDU WKH H[SHFWHG 
economic costs of accidents per worker (gi). We can interpret these costs
DVWKH¿UP¶VLQGLYLGXDOULVNOHYHOGHWHUPLQHGE\LWVSDUWLFXODUSURGXFWLRQ
WHFKQRORJ\7KH¿UPFDQUHGXFHWKH H[SHFWHG HFRQRPLFFRVWVRIDFFLdents per worker to (gi±Hi) by implementing additional safety practices
RUE\LQWURGXFLQJOHVVULVN\SURGXFWLRQPHWKRGV+RZHYHUWKHDFFLGHQW
reducing effort (ei) also involves convex costs v(ei) with v’(ei)>0 and
v’’(ei !7KH¿UP¶VSUR¿WIXQFWLRQLVQRZ

π = p ⋅ y( l , c) − ( w + ( gi − ei )) ⋅ l − r ⋅ c − v( ei ) ⋅ l.

(4)

3UR¿WPD[LPL]DWLRQQRZOHDGVWRWZR¿UVWRUGHUFRQGLWLRQV
∂y

∂l = w + ( gi − ei ) + v( ei )
∂y
r
∂c
v '( ei ) = 1.

(5)

(6)

From both the decreasing marginal productivity of labor and the assumption that giHiZHVHHWKDWWKH¿UPIDFLQJVWULFWOLDELOLW\XVHVPRUHFDSLWDO
(c/>c0) and less labor (l/<l0 WRSURGXFHWKHVDPHRXWSXW/LDELOLW\KDVWKH
same effect as a tax on labor and leads to an acceleration of mechanizaWLRQ,QDGGLWLRQWKH¿UPQRZLPSOHPHQWVVDIHW\SUDFWLFHVLQWKHDPRXQW
of e/i.
Now assume the liability law is replaced by an accident insurance
V\VWHP7KHLQGLYLGXDO¿UP¶VFRQWULEXWLRQLVQRWGHWHUPLQHGE\LWVLQGLvidual risk level (gi) but by the average risk level (ag) of all member
¿UPV Q  RUDVXEVHWRI¿UPVZLWKVLPLODULQGLYLGXDOULVNOHYHOV 7KLV
average risk level is calculated as
1 n
ag = ∑ ( gi − ei ).
n i=1

(7)

+HQFHWKH¿UP¶VLQGLYLGXDOSUR¿WVDUHQRZ

π = p ⋅ y ( l , c ) − ( w + ag ⋅ l − r ⋅ c − v( ei ) ⋅ l.

(8)
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3UR¿WPD[LPL]DWLRQLPSOLHV
∂y

∂l = w + ag + v( ei )
∂y
r
∂c
1
v '( ei ) = .
n

(9)

(10)

&RPSDULQJ HTXDWLRQV   DQG   ZH VHH WKDW WKH LQVXUDQFH V\VWHP
OHDGVWKH¿UPWRFDUHOHVVDERXWWKHLPSOHPHQWDWLRQRIVDIHW\SUDFWLFHV
than in the situation with strict liability (eAG<e/). The magnitude of
WKH UHGXFWLRQ LQ H GHSHQGV RQ WKH QXPEHU RI ¿UPV Q  XVHG WR FDOFXlate the average risk level. The impact on labor demand is ambiguous.
Firms with a comparatively high individual accident risk (gi) (for which
gi − eiL + v( eiL ) > ag + v ( eiAG ) ) will increase their labor demand with
the transition from strict liability to the accident insurance scheme. The
RSSRVLWHLVWUXHIRU¿UPVZLWKDFRPSDUDWLYHO\ORZLQGLYLGXDOULVNOHYHO
Thus the introduction of the accident insurance has the perverse effect of
FKDQQHOLQJZRUNHUVLQWRWKRVH¿UPVZKHUHWKH\IDFHDQDERYHDYHUDJH
risk of an accident.
6XSSRVHLQVWHDGWKDWWKH%*6DVVLJQVD¿[HGLQGLYLGXDOULVNOHYHO IJ 
WRHYHU\PHPEHU¿UP:HDVVXPHWKLVULVNOHYHOFDQQRWDWOHDVWLQWKH
VKRUW UXQ EH LQÀXHQFHG E\ D ¿UP¶V LQGLYLGXDO HIIRUWV 7KHQ WKH ¿UP¶V
SUR¿WLV

π = p ⋅ y( l , c) − ( w + fg ⋅ l − r ⋅ c − v( ei ) ⋅ l.

(11)

7KH¿UVWRUGHUFRQGLWLRQVDUH
∂y

∂l = w + fg + v ( ei )
∂y
r
∂c
ei = 0.

(12)

(13)

,Q WKH FDVH RI ¿[HG ULVN OHYHOV ¿UPV KDYH QR LQFHQWLYH WR UHGXFH WKH
(expected) economic costs of accidents per worker. Summing up, our
analysis implies e/>eAG>eFG=e0=0. Both in a system without compensation of workers’ accidents costs and under an accident insurance system
ZLWK ¿[HG ULVN OHYHOV ¿UPV ZLOO QRW EH PRWLYDWHG WR LQFUHDVH ZRUNHU
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VDIHW\ 7KH FRQVHTXHQFHV DUH ZRUVH KRZHYHU LQ WKH LQVXUDQFHV\VWHP
because of the induced re-allocation of more workers to relatively
dangerous sectors.
%HIRUH*HUPDQ\KDGQRUHOLDEOHV\VWHPIRUIRUFLQJ¿UPVWRSD\
IRUWKHHFRQRPLFFRQVHTXHQFHVRILQGXVWULDODFFLGHQWV7KH/LDELOLW\
Act changed that (e0ĺH/), and then the 1884 Accident Insurance Act
FUHDWHGWKHV\VWHPXQGHUGLVFXVVLRQLQWKLVDUWLFOH7KH¿[HGULVNOHYHOV
DQGODFNRI¿UPOHYHOH[SHULHQFHUDWLQJLQWKHRULJLQDOSRVWVFKHPH
UHGXFHG¿UPV¶LQFHQWLYHVWRUHGXFHDFFLGHQWVLQWKHLURSHUDWLRQV H/ĺHFG).
8QGHUSUHVVXUHIURPWKH59$DWWKHHQGRIWKHQLQHWHHQWKFHQWXU\WKH
%*6EHJDQWRXVHPRUHDQGPRUHULVNFODVVHVLQHIIHFWDVVLJQLQJ¿UPV
WR SD\ UDWHV WKDW PRUH QHDUO\ UHÀHFWHG WKH FRVWV WKH\ LQFXUUHG IRU WKH
BGS. The differentiation of tariffs into many different average risk
OHYHOV LQFUHDVHG PHPEHU ¿UPV¶ LQFHQWLYHV WR LQFUHDVH ZRUNHUV¶ VDIHW\
(eFGĺHAG).
Our model does not address changing incentives for workers. There are
two possible forms of moral hazard in this type of system.20 If workers
realize that the transition from liability to accident insurance makes
compensation for injuries secure and foreseeable, they might be inclined
to take higher risks and trade safety for higher piece rates (Fishback, 1987).
This effect implies that introducing insurance can raise accident rates. A
VHFRQGIRUPRIPRUDOKD]DUGUHÀHFWVWKHZD\DFFLGHQWVDUHUHSRUWHG,QD
pure liability system, workers might not report some accidents that they
would report in an insurance system. To deal with the second problem we
concentrate our empirical analysis on fatal accidents, which are unlikely
WRVXIIHUIURPPLVUHSRUWLQJ7KH¿UVWW\SHRIPRUDOKD]DUGDIIHFWVDFFLdent rates mostly during the transition from liability to accident insurance.
Since we analyze the development of accident rates only after the implementation of accident insurance we can assume that workers’ preferences
for risk were mostly constant in our period of observation. We also use
\HDUGXPPLHVDQG%*6VSHFL¿FWLPHWUHQGVLQDOOHFRQRPHWULFVSHFL¿FDWLRQVWRJHWKHUWKHVHVKRXOGFRQWUROIRUWKHSRVVLELOLW\WKDWULVNWDNLQJDQG
reporting practices vary over the business cycle.
,1685$1&($1',76',6&217(176

Our model implies three different incentive effects from the way the
BGS allocated costs. All were known to contemporaries. First, the system
20

2XUDSSURDFKLVDOVRFRQVLVWHQWZLWK0XUUD\  ¶VDVVXPSWLRQWKDWZRUNHUV¶PRUDOKD]DUG
is more severe in the case of sickness than in the case of accidents.

Regulation of Accident Insurance Associations

1211

HQFRXUDJHGWKHVXEVWLWXWLRQRIFDSLWDOIRUODERU$¿UPFRXOGQRWFKDQJH
LWV DVVLJQPHQW WR D JLYHQ ULVN FODVV DQG DQ\ ¿UP¶V FRQGXFW KDG RQO\
WKH VPDOOHVW DQG GHOD\HG  HIIHFW RQ WKH FRQWULEXWLRQV GXH IURP D ¿UP
LQWKDWFODVV%XWD¿UPFRXOGUHGXFHLWVLQVXUDQFHFRVWVLPPHGLDWHO\E\
reducing the wage bill. Thus a system intended to protect workers from
the costs of accidents might leave them unemployed.
Second, the system did not necessarily reward investments in accidentUHGXFLQJHTXLSPHQWRUUHVHDUFKHYHQLIVRPHKRZDOOWKH¿UPVLQDJLYHQ
risk class collaborated to simultaneously make these investments. This
HIIHFWKDVWZRFRPSRQHQWV$FRVWUHGXFWLRQZRXOGDIIHFWWKH¿UP¶VVLWXation only after the adoption of a new tariff, which might be three or four
\HDUVLQWKHIXWXUH0RUHRYHUEHFDXVHWKH59$LQVLVWHGRQEDVLQJFXUUHQW
risk calculations on the entire history of the BGS, the effect of changes
today was muted by practice in the past. This approach annoyed some
BGS, who noted, correctly, that it meant they could be paying today for
practices they no longer used. In some industries, for example, electric
power had by 1900 completely replaced the relatively dangerous steam
SRZHULQZLGHXVHDWWKHV\VWHP¶VVWDUW%XWWKH59$LQVLVWHGWKDW¿UPV
still base their calculations in part on data from the steam era. The engineering and small iron industry BGS resisted the RVA more than others.
In 1896 it proposed a revised tariff that was based on only three years’
ZRUWKRIDFFLGHQWGDWDLQRSHQGH¿DQFHRI59$UHJXODWLRQV:KHQTXHVtioned, the BGS replied that its new safety rules had made earlier data a
poor predictor of future accidents. In 1913 the BGS proposed a revised
tariff that used data back to 1890 (but not to the system’s beginning),
which also included alternative calculations showing how misleading the
RVA’s approach was.21
The RVS’s insistence on using all available historical data puzzled
some BGS. The RVA explained it by an appeal to the law of large
numbers: only by using all available information could the BGS calculate the right risk levels.227KLVDUJXPHQWUHÀHFWVHLWKHUIDXOW\VWDWLVWLFDO
reasoning or the assumption that the data-generating process for accidents
did not change over time. The RVA often appealed to what it thought
ZHUHLQVXUDQFHSULQFLSOHVWKHPRVWLPSRUWDQWWKLQJZDVIRU¿UPVWRVKDUH
risks within a BGS. But the way¿UPVVKDUHULVNZLWKLQDPXWXDORUJDQLzation like a BGS shapes the incentives to expend funds on the prevention of accidents.
The material is in BArch R89/15626 and R89/15628.
5XQGVFKUHLEHQDQGLH9RUVWlQGHGHUGHP5HLFKVYHUVLFKHUXQJVDPWXQWHUVWHOOWHQJHZHUEOLFKHQ
%HUXIVJHQRVVHQVFKDIWHQ EHWUHIIHQG )HVWVHW]XQJ GHU *HIDKUHQ]LIIHUQ XQG $ElQGHUXQJ GHU
$XVIKUXQJVEHVWLPPXQJHQ]XGHQ*HIDKUHQ]LIIHUQYRP1RYHPEHU%$UFK5
21
22
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Third, the assessment system created the externality noted earlier: it
ZDVDOPRVWQHYHUFRVWHIIHFWLYHIRUDQ\LQGLYLGXDOPHPEHU¿UPWRLQYHVW
LQDFFLGHQWUHGXFLQJPHDVXUHV(TXDWLRQ  VKRZVWKDWWKHLQFUHDVHLQ
D%*6¶VH[SHQVHV ǻ( WKDWUHVXOWHGIURPDQLQFUHDVHLQDVLQJOH¿UP¶V
accidents led to a relatively small increase (ciǻ( LQWKDW¿UP¶VFRQWULEXWLRQ 0RUHRYHU Fi LV VPDOOHU WKH VPDOOHU LV D ¿UP LQ UHODWLRQ WR WKH
HQWLUHJURXS0RVWRIWKHULVHLQDFFLGHQWFRVWV LH Fi ǻ( ZDVSDVVHG
RQDVH[WHUQDOLW\WRRWKHU¿UPVLQWKH%*6&RQWHPSRUDULHVTXHVWLRQHG
the RVA’s approach, noting the perverse incentives. Germans had experience with more differentiated systems. Private-sector liability insurDQFHLVVXHGLQUHVSRQVHWRWKH/LDELOLW\$FWW\SLFDOO\XVHGDPRUH
FRPSOLFDWHGWDULIIVWUXFWXUHLQFRUSRUDWLQJ¿UPOHYHOKLVWRULHVLQVHWWLQJ
insurance premia (Poeverlein 1900, p. 17).
7KHUHTXLUHPHQWWRMRLQD%*6PDGHDGYHUVHVHOHFWLRQDWWKHV\VWHP
level impossible. But individual BGS sometimes tried to affect their own
FRVWV E\ DWWUDFWLQJ RU UHSHOOLQJ ¿UPV ZLWK XQXVXDO DFFLGHQW FRVWV $Q
economy as developed as Germany’s in the 1880s was bound to have
¿UPV WKDW ZRXOG QRW ¿W HDVLO\ LQWR D UHDVRQDEOH QXPEHU RI LQGXVWULDO
FDWHJRULHV6RPH%*6UHVLVWHGDFFHSWLQJ¿UPVWKDWGLGQRWQDWXUDOO\¿W
DQ\ZKHUH%*6VRPHWLPHVWULHGWRSUHYHQWDSDUWLFXODUO\KLJKULVN¿UP
from joining. In 1889, for example, the south German precious and base
PHWDO %*6 WULHG WR H[FOXGH /RUHQ] D ¿UP WKDW PDGH PHWDO FDUWULGJHV
DQGPDFKLQHV/RUHQ]¶VZRUNVLQFOXGHGWKHKD]DUGRXVDFWLYLW\RI¿OOLQJ
cartridges with gunpowder. The BGS’s board thought this activity a more
QDWXUDO¿WWRWKHFKHPLFDOLQGXVWU\¶V%*623 The fact that a BGS would
ZDQWWRULGLWVHOIRIDPHPEHU¿UPVXJJHVWVRQFHDJDLQWKDWWKHSUHPLXP
V\VWHP ZDV LPSHUIHFW LQ SULQFLSOH D %*6 VKRXOG QRW FDUH DERXW LWV
membership, so long as it could correctly price all risks.24
7KH %*6 VRPHWLPHV GHOLEHUDWHO\ PLVSULFHG ULVN $ VPDOO ¿UP WKDW
played only a marginal role in its BGS was at risk of being assigned
XQMXVWL¿HG KLJK ULVN OHYHOV 2QH H[DPSOH RI WKLV SUREOHP FRPHV IURP
WKHVRXWKZHVW*HUPDQLURQ%*67KH³PLV¿WV´EHORQJLQJWRWKLV%*6
LQFOXGHG¿UPVWKDWRSHUDWHGVWHDPUROOHUV,QWKLV%*6¶VULVNOHYHOV
ranged from 5 to 50, and it assigned the steam rollers to the class with a
risk level of 35. In 1906 the BGS revised its tariff so that the overall levels
23

-DKUHVEHULFKWGHU+DQGZHUNVNDPPHUIUGHQ$PWVEH]LUN3IRU]KHLP%$UFK
Similar problems led to the creation of a distinct BGS for retail stores (Detailhandel) in
1912. Originally part of the wholesale trade and warehousing (Großhandel und Lagerei) BGS,
the retailers claimed their insurance costs were higher than their safety experience warranted. See
+DQGHOVNDPPHU%HUOLQ S 
24
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ranged from 5 to 70, and assigned the steam rollers a level of 50.25 At the
1909 BGS meeting, the steam roller operators objected to the proposed
QHZ¿JXUHRIFDOOLQJLQVWHDGIRUDFODVVL¿FDWLRQZLWKWKHPXFKORZHU
ULVN¿JXUHRI7KHRWKHUPHPEHU¿UPVRYHUZKHOPLQJO\UHMHFWHGWKLV
proposal.26 The steam roller operators then appealed to the RVA. The
UHJXODWRUHYHQWXDOO\SHUVXDGHGWKH%*6WRORZHUWKHUROOHUV¶ULVN¿JXUH
WR7KLVQXPEHUPRUHQHDUO\UHÀHFWHGWKHHVWLPDWHRQHZRXOGGUDZ
from the accident statistics, 15.04.27 In this case the BGS had tried to
LJQRUH LWV RZQ VWDWLVWLFDO LQIRUPDWLRQ DQG DVVLJQ WKH VWHDP UROOHU ¿UPV
D ULVN ¿JXUH  SHUFHQW KLJKHU WKDQ ZDV ZDUUDQWHG 7KLV H[DPSOH DOVR
shows the RVA’s power: when it cared to, the regulator could shape the
negotiation of the new tariffs.
The BGS often exacerbated problems by creating tariff structures
consisting of just a few risk classes with similar risk values. In the 1880s,
the mean number of risk classes for all BGS was 6.6, and the mean
absolute span (ratio of the highest to the lowest risk level) was 9.8. This
SUDFWLFHPDGHOLWWOHVHQVHJLYHQWKHUDQJHRI¿UPVJURXSHGLQDVLQJOH
BGS. In the late 1880s, for example, the Rhein Westphalian smelting and
rolling mill BGS assigned plants employing 87 percent of its covered
workers to the risk levels 35, 50, or 65.28 This limited range probably
UHÀHFWV WKH IDFW WKDW LQ WKH V WKH %*6V GLG QRW \HW KDYH WKH ORQJ
WHUP DFFLGHQW VWDWLVWLFV UHTXLUHG WR DVVLJQ LQGLYLGXDO HVWDEOLVKPHQWV WR
VSHFL¿FULVNOHYHOV%XWODFNRILQIRUPDWLRQZDVQRWWKHRQO\SUREOHP
%*6ERDUGVIRXQGLWGLI¿FXOWWRDVVLJQUHDOLVWLFULVNVWRVHFWRUVWKDWZHUH
¿QDQFLDOO\ GRPLQDQW ZLWKLQ WKH JURXS 8QWLO  IRU H[DPSOH WKH
Rhein-Westphalian engineering and small iron industry BGS clumped
together three different types of machine-building factories. When the
%*6 ¿QDOO\ VSOLW WKHP XS WKH\ ZHUH LQ WKUHH GLIIHUHQW FODVVHV ZLWK
very different risk levels, showing that the earlier assignments had been
too crude.29 In another example, the Rhein-Westphalian smelting and
UROOLQJ PLOO %*6 DVVLJQHG WZR JURXSV RI ¿UPV QRQLURQ VPHOWHUV DQG
25

*HIDKUHQWDULIHGHU6GZHVWGHXWVFKHQ(LVHQ%HUXIVJHQRVVHQVFKDIWXQG%$UFK5
89/15619, R 89/15620.
26
 ([WUDFW IURP WKH 3URWRNROO GHU RUGHQWOLFKHQ *HQRVVHQVFKDIWVYHUVDPPOXQJ GHU
6GZHVWGHXWVFKHQ(LVHQ%HUXIVJHQRVVHQVFKDIWYRP6HSWHPEHU%$UFK5
27
%ULHIYRQGHU6GZHVWGHXWVFKHQ(LVHQ%HUXIVJHQRVVHQVFKDIWDQGDV5HLFKV9HUVLFKHUXQJVDPW
vom 14. Dezember 1909, BArch R 89/15620.
28
 8QIDOOYHU]HLFKQLV GHU 5KHLQLVFK:HVWIlOLVFKHQ +WWHQ XQG :DO]ZHUNV%HUXIVJHQRVVHQ
schaft vom 1.Oktober 1885 bis 31. Dezember 1891, BArch R 89/15622. See also Table 2.
29
 5KHLQLVFKZHVWIlOLVFKH 0DVFKLQHQEDX XQG .OHLQHLVHQ%HUXIVJHQRVVHQVFKDIW (UOlXWHU
XQJVEHULFKW]XP8QIDOOYHU]HLFKQLVIUGHQ*HIDKUHQWDULIELV%$UFK5
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gun-drillers, to the same risk level of 35 in 1897. But the BGS’s own data
showed how different the two groups were. The non-iron smelters had a
VWDWLVWLFDOULVN¿JXUHRIDQGWKHJXQGULOOHUVD¿JXUHRI30
7KH ODZ GLG DOORZ D %*6 WR LPSRVH RQ DQ LQGLYLGXDO ¿UP D KLJKHU
or lower tariff than would be implied by the general tariff scheme.
With the help of these surcharges or discounts the BGS could condition the relative contribution units (ci) on ¿rm-level experience. Some
BGSs formally adopted such provisions in their tariffs, but the practice
ZDV UDUH 5HOXFWDQFH WR XVH WKLV DSSURDFK UHÀHFWHG WKH SHUFHSWLRQ WKDW
LWZRXOGFDXVHWURXEOHZLWKWKHDIIHFWHG¿UPVEXWQRWSURGXFHPXFKLQ
the way of change. The board of the BGS for precision and electrical
engineering, for example, noted in 1909 that “we have not used increases
RUGLVFRXQWVWRWKHVWDQGDUGULVNOHYHOV>@EHFDXVHZHODFNVXI¿FLHQW
JURXQGVIRUWKHP´31 Other BGS explicitly opposed the introduction or
retention of such regulations. Faced with this passivity, the RVA increasingly pressed for more differentiated tariffs. One case illustrates this
OHQJWK\QHJRWLDWLRQSURFHVV8QWLOWKH5KHLQ:HVWSKDOLDQVPHOWLQJ
DQGUROOLQJPLOO%*6¶VWDULIIKDGRQO\VL[ULVNFODVVHV7KDW¿JXUHZDV
increased to seven in 1900. Only in 1910 did the BGS shift to a structure
with 33 risk classes, despite its growing database of accidents and the
ability to construct a more differentiated tariff based on its own history.
The RVA had long objected to the BGS’s approach: for the tariff starting
in 1900, the RVA wanted 26 (!) different classes. The BGS professed to
understand the advantages of a greater number of groups, but still refused
to implement this suggestion. As a compromise the RVA suggested an
increase in the number of groups from 6 to 13. The BGS nevertheless
rejected this suggestion.32
Table 3 summarizes the use of three important policy tools available
to BGS in selected sectors.33 (We report these three sectors because they
¿JXUHKHDYLO\LQWKHHFRQRPHWULFDQDO\VLVUHSRUWHGODWHU 7DEOHDOVR
UHSRUWVDFFLGHQWUDWHVXQGHUWKHWKUHHGH¿QLWLRQVSUHYLRXVO\SURYLGHG7KH
RVA’s ongoing insistence eventually achieved success. BGS in some of
the more dangerous industries were enthusiastic converts to the cause
30
 8QIDOOYHU]HLFKQLV GHU 5KHLQLVFK:HVWIlOLVFKHQ +WWHQ XQG :DO]ZHUNV%HUXIVJHQRVVHQ
VFKDIWIUGLH3HULRGHYRP2NWREHUELV]XP'H]HPEHU%$UFK5
31
Brief des Genossenschaftsvorstands der Berufsgenossenschaft der Feinmechanik und
(OHNWURWHFKQLNDQGDV5HLFKYHUVLFKHUXQJVDPWYRP0lU]%$UFK
32
3URWRNROOGHU*HQRVVHQVFKDIWVYHUVDPPOXQJGHU5KHLQLVFK:HVWIlOLVFKHQ+WWHQXQG
Walzwerks-Berufsgenossenschaft, 26 August 1899, Bericht des Vorsitzenden, BArch 89/15622.
33
:HUHIHUWRWKHVHWKUHHVHFWRUVDVWKH³FDVHVWXG\VHFWRUV´:HFKRVHWKHPIRULOOXVWUDWLRQ
here because they include multiple BGS and demonstrate the range of accident rates and policy
decisions in our data. In the regressions we scale the span and classes variable by dividing by 100.
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TABLE 3
0($19$/8(62)32/,&<722/6$1'$&&,'(175$7(6)256(/(&7('
%*6$1'<($56
BGS Tools
(QIRUFHPHQW

Accidents

Span

Classes

Fatal

Disabling

Serious

Sector: Construction
1890

0.04

5.46

6.70

0.86

3.41

2.02

1895

0.09

23.22

10.50

0.82

3.97

2.15

1900

0.09

29.56

12.80

0.84

3.64

3.72

1905

0.27

36.89

15.60

0.69

3.29

4.50

1910

0.38

64.33

22.30

0.57

2.43

5.04

1914

0.56

59.97

22.30

0.66

2.48

5.46

Sector: Iron and steel
1890

0.10

10.38

7.00

0.60

5.51

1.23

1895

0.12

16.17

9.50

0.56

6.08

1.24

1900

0.09

16.70

12.25

0.74

5.40

3.69

1905

0.11

18.31

14.38

0.64

6.47

4.25

1910

0.14

39.84

29.00

0.57

4.73

5.10

1914

0.13

41.03

28.50

0.68

4.06

5.14

Sector: Textiles
1890

0.04

9.05

10.43

0.14

1.86

0.27

1895

0.04

16.71

12.57

0.12

2.04

0.34

1900

0.05

24.83

15.57

0.15

2.13

1.05

1905

0.06

26.50

17.14

0.12

1.70

1.24

1910

0.09

30.05

19.43

0.09

1.37

1.28

1914

0.09

27.07

17.29

0.10

1.13

1.26

Notes³(QIRUFHPHQW´LVH[SHQGLWXUHRQIDFWRU\LQVSHFWRUVGLYLGHGE\WKHQXPEHURIZRUNHUV
FRYHUHG³6SDQ´DQG³FODVVHV´DUHSURSHUWLHVRIWKHWDULIIVFKHPHLQIRUFHLQWKDWSHULRG³6SDQ´
LVWKHUDWLRRIWKHKLJKHVWWRWKHORZHVWULVN¿JXUH$FFLGHQWUDWHVDUHSHUWKRXVDQGZRUNHU\HDUV
6HHWH[WDQG2QOLQH$SSHQGL[IRUDGGLWLRQDOGH¿QLWLRQDQGGLVFXVVLRQ
Source: BGS database.

RI PRUH ULVN FODVVHV EHWZHHQ  DQG  WKH JURXSV URVH VLJQL¿cantly in all iron and steel BGS, reaching 69 classes in the south German
iron and steel BGS. The average steel BGS increased the number of risk
classes four-fold in the period covered by our data. Creating more risk
classes had two effects. First, by creating more groups a BGS ensured
more homogeneity within each group. Second, by reducing the number
RI¿UPVDVVLJQHGWRDJURXSWKH%*6JDYHHDFK¿UPDJUHDWHULPSDFW
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RQ LWV RZQ IXWXUH FRQWULEXWLRQV %RWK HIIHFWV OLQNHG D ¿UP¶V ¿QDQFLDO
contribution more tightly to its own record. The tariff also assigned a risk
¿JXUHWRHDFKULVNFODVV7KHQXPEHURIULVNVFODVVHVZRXOGQRWPDWWHUDW
DOOLIDOOFODVVHVZHUHDVVLJQHGWKHVDPHULVN¿JXUH6RPH%*6LQLWLDOO\
did something close to that, as Table 3 shows. Over time, however,
many BGS increased the differentiation in their risk system, increasing
WKH ¿JXUHV DVVLJQHG WR WKH PRVW GDQJHURXV DFWLYLWLHV 7KH FRQVWUXFWLRQ
BGS embraced this tool most enthusiastically, increasing the mean span
ten-fold.
The BGS had a third tool at its disposal: it could issue and enforce
UXOHVUHTXLULQJ¿UPVWRDGRSWGHYLFHVRUSURGXFWLRQPHWKRGVWKDWUHGXFHG
certain well-known risks. One important set of safety rules, for example,
UHTXLUHG FRYHUV RQ SRZHUWUDQVPLVVLRQ EHOWV DQG VLPLODU PRYLQJ SDUWV
The BGS could also appoint inspectors to verify that the rules were being
IROORZHG DQG WR UHFRPPHQG ¿QHV DJDLQVW ¿UPV WKDW GLG QRW FRPSO\34
7KH PHDVXUH ³(QIRUFHPHQW´ UHSRUWHG LQ 7DEOH  LV EDVHG RQ H[SHQGLture for factory inspectors. The RVA constantly stressed that industrial
practice at the time offered opportunities for changes that would make
the workplace safer. In a letter of June 1890, for example, the RVA
claimed
,WFDQEHUHFRJQL]HGIURPWKHDFFLGHQWVWDWLVWLFVWKDWDOPRVWDTXDUWHURIDOOVHULRXV
accidents that are caused by machinery occur in connection with transmission
belts and gears. In 269 cases, workers got caught in the belt and were injured. In
731 cases, workers ended up in the wheels gear, most of which lacked a cover.
7KHVH¿JXUHVVXJJHVWWKDWLWLVLQWKHLQWHUHVWVRIHIIHFWLYHDFFLGHQWSUHYHQWLRQWR
install belt boxes, wheels tops and belt and wheel railings, and simultaneously to
adopt a rule whereby the production belts may be replaced only at slow speed or
when the machine has been switched off. 35

Given the externalities implicit in the system of risk calculation, it is
QR VXUSULVH WKDW LQGLYLGXDO ¿UPV LJQRUHG UHFRPPHQGDWLRQV RQ VDIHW\
SUDFWLFH2QHFDQYLHZWKHLQVSHFWRUVDQG¿QHVDVDQHIIRUWWRDOLJQWKH
¿UP¶VLQWHUHVWZLWKWKRVHRIWKH%*66RPH%*6VSHQWPRUHDQGPRUH
PRQH\RQHQIRUFLQJWKHVDIHW\UXOHV7DEOHVKRZVWKDWWKHFRQVWUXFWLRQ
34
,QWKHDYHUDJH%*6OHYLHGDOPRVWVL[WKRXVDQG0DUNVLQ¿QHV7KLVDPRXQWVWR
0DUNVSHUPLOOLRQ0DUNVSDLGLQZDJHVLQWKDW\HDUVRIRUWKHDYHUDJH¿UPWKH¿QHVZHUHDWLQ\
H[SHQVH7KHVRXUFHVDYDLODEOHWRXVGRQRWUHSRUWWKHGLVWULEXWLRQRI¿QHVDPRQJ¿UPV
35
5XQGVFKUHLEHQDQGLH9RUVWlQGHVlPWOLFKHUDXVVFKOLHOLFKYRP5HLFKV9HUVLFKHUXQJVDPW
UHVVRUWLHUHQGHQ%HUXIVJHQRVVHQVFKDIWHQEHWUHIIHQGGLH8QIlOOHGLHLQIROJHYRQ%OXWYHUJLIWXQJ
GHQ7RGGHU9HUOHW]WHQKHUEHLJHIKUWKDEHQVRZLHGLH8QIlOOHDQ7UHLEULHPHQXQG=DKQUlGHUQ
vom 17. Juni 1890, BArch 89/628.
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industry used this tool extensively. From 1900 to 1914, the expenditures
RQ HQIRUFHPHQW SHU WKRXVDQG ZRUNHU\HDUV LQFUHDVHG ¿YHIROG LQ WKDW
sector.
7+(287&20(6$&&,'(176

So what was the net effect of the imperfect incentives implied by the
risk tariffs, and the BGS’s ability to write and enforce safety rules? The
59$¶VGDWDGLYLGHVDFFLGHQWVLQWRVHYHUDOFDWHJRULHVWKDWUHÀHFWWKHDFFLGHQW¶V¿QDQFLDOFRQVHTXHQFHV:HUHZRUNWKH59$GH¿QLWLRQVVOLJKWO\
WRFRPSXWHWKHULVNRIIDWDODFFLGHQWVRIDFFLGHQWVWKDWFRVWWKHHPSOR\HH
DW OHDVW VL[ PRQWKV RI ZRUN GLVDEOLQJ DFFLGHQWV  DQG RI DFFLGHQWV WKDW
implied the employee was out of work for more than 13 weeks but less than
VL[PRQWKV VHULRXVDFFLGHQWV :KHQZHUHIHUWR³DOOVHULRXVDFFLGHQWV´
ZHPHDQWKHVXPRIWKRVHWKUHHUDWHV7KHFODVVL¿FDWLRQVUHÀHFWWKHFRQVHTXHQFHVIRUWKHZRUNHUDQGFRUUHVSRQG LILPSHUIHFWO\ WRDQDFFLGHQW¶V
¿QDQFLDOLPSOLFDWLRQVIRUWKH%*6$ZRUNHUZKRGLHGZLWKRXWVXUYLYRUV
could cost less than long-term support for a permanently disabled worker.
)LJXUH  LPSOLHV WKDW WKH IUHTXHQF\ RI DFFLGHQWV RI GLIIHUHQW W\SHV
could move in opposite directions. Table 3 shows that disabling accidents
became less common in those three sectors, while serious accident rates
LQFUHDVHGGUDPDWLFDOO\7KLVIDFWUDLVHVWZR TXHVWLRQV)LUVWRQHFRXOG
imagine employers or the BGS deliberately reporting accidents in the
ZURQJFDWHJRU\7KLVPLVUHSRUWLQJFRXOGUHÀHFWWKH¿UP¶VRU%*6¶VLQWHUests, or pressure from workers. Whether this was an important problem
we cannot say. All accidents had to be reported to the local police, and
workers had the right to challenge the determination of the accident’s
severity. We report descriptive results for all three accident categories,
EXWIRFXVRXUHFRQRPHWULFDQDO\VLVRQWKHIDWDODFFLGHQWVWKDW¿UPVFRXOG
not easily conceal or misrepresent.36
Second, improvements in safety practices and rehabilitation therapies
FRXOGVKLIWWKHDFWXDOLPSDFWRIDJLYHQDFFLGHQWIURPWKH³IDWDO´WRWKH
³GLVDEOLQJ´FDWHJRU\RU IURP ³GLVDEOLQJ´WR WKH³VHULRXV´ FDWHJRU\7R
There are two issues. (1) Some observers claimed that the accident-insurance system
encouraged workers to report bruises and strains that they would have ignored if the worker
KDGEHHQUHTXLUHGWREHDUWKH¿QDQFLDOFRQVHTXHQFHVRIWLPHRIIZRUN 6HHIRUH[DPSOHWKH
Rundschreiben the RVA sent to all BGS concerning increases in reported accidents, dated 22
February 1892. B Arch R89/629.) This is a form of the moral hazard studied in Guinnane and
6WUHE    2QHFRXOGDOVRLPDJLQH¿UPVXVLQJLQGXFHPHQWVWRFRQYLQFHZRUNHUVQRWWR
report minor accidents. Both (1) and (2) imply that the reports of non-fatal accidents may not be
entirely consistent and reliable.
36
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the extent this force underlies the patterns represented in our data, the
LQFUHDVHLQVHULRXVDFFLGHQWVUHÀHFWVWKHV\VWHP¶Vsuccess rather than its
failure. To address this possibility, we regress one accident rate (e.g.,
IDWDODFFLGHQWV RQRWKHUUDWHVSOXV\HDUDQG%*6¿[HGHIIHFWV 2QOLQH
Appendix Table A.3 reports the results). The correlation between fatal
and other accident rates is positive, so it seems unlikely that safety
improvements saved some lives but left workers disabled. The relationship between disabling and serious accidents, on the other hand, is negative and has an elasticity of about 0.2. While statistically different from
zero, this effect is too small to account for the rise of serious accidents
IURPWRIURPWRWKHGLVDEOLQJDFFLGHQWUDWHIHOOLQ
this period from 2.78 to 2.37. In the rest of this analysis we abstract from
any causal relationship among the different types of accidents and focus
on fatal accidents alone.
5(*8/$7,1*)256$)(7<

The BGS’s diverse experiences suggest a close look at the determinants of accident rates within each BGS. We focus on the mechanisms the
BGS could use to reduce accidents: the number of risk classes, the span
of the risk levels assigned by the current tariff, and the amount the BGS
VSHQWWRHQIRUFHLWVUXOHV2XUJHQHUDOTXHVWLRQFDQEHIUDPHGDVIROORZV
Given the policy measures available to them under the law, could the
BGS have reduced accidents from their actual levels by changing their
WDULIIVDVWKH59$DGYLVHGRUE\LQFUHDVHGHQIRUFHPHQW"7KH¿UVWWZR
variables are the key features of each tariff. The last, enforcement, we
view as a proxy for the effort to use safety rules to reduce accidents. Our
basic tool is a series of econometric models in which the dependent variable is the number of fatal accidents per thousand insured worker-years.
2XUREVHUYDWLRQVDUH%*6\HDUV:HDOZD\VLQFOXGH\HDU¿[HGHIIHFWVWR
control for shocks common to all BGS (such as unobserved innovations
LQ59$SROLF\RUQHZWHFKQRORJLHV :HDOVRXVH%*6VSHFL¿FWUHQGVWR
control for unobserved changes in the composition of a BGS’s members
DQGWKHLUSURGXFWLRQWHFKQLTXHV37$OOVSHFL¿FDWLRQVLQFOXGHWKHFRQWUROV
insured (the number of insured workers per BGS, a measure of size) as
37
 )LVKEDFN DQG .DQWRU  S   DOVR XVH \HDU ¿[HGHIIHFWV WR FRQWURO IRU XQREVHUYHG
changes in labor-market conditions. We experimented with measures of the business cycle
derived from the annual gross domestic product (GDP) measures reported by Burhop and Wolff
 EXWWKH\PDGHOLWWOHGLIIHUHQFHLQPRGHOVWKDWLQFOXGH%*6VSHFL¿FWUHQGVDQG\HDU¿[HG
effects.
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well as wages (the average wage per insured worker, a measure of the
expected cost of an accident of a given severity).
The sum spent each year on factory safety inspectors (enforcement) is
available from the RVA reports and thus we have it for all BGS-years.
We normalize this variable by the number of covered workers. Two
RWKHUSROLF\YDULDEOHVUHTXLUHODERULRXVH[WUDFWLRQIURPDUFKLYDOUHSRUWV
One is the number of classes in the BGS tariff (classes), reported for
selected BGS in Table 3. The other is the range of risk levels (span). To
UHGXFHFRVWVZHGLGQRWFROOHFWFODVVHVDQGVSDQIRUDOO%*6ZHIRFXVHG
on sectors with a larger number of BGS because of the instrumenting
strategy discussed later. The last column of Table 1 reports the availability of these measures in our data, and the Online Appendix Table
A.4 reports descriptive statistics, dividing the BGS into those for which
we have this information and those we do not. The overall sample has
 %*6\HDUV RI REVHUYDWLRQ ZKHQ XVLQJ WKHVH WZR DUFKLYDO YDULables, we have 1,477 BGS-years of observation. Accident rates do not
GLIIHUVLJQL¿FDQWO\EHWZHHQWKHWZRJURXSV %*6ZLWKLQIRUPDWLRQKDYH
DKLJKHUGLVDEOLQJDFFLGHQWUDWHEXWWKHWVWDWLVWLFLV± EXWWKH%*6
ZLWKWDULIILQIRUPDWLRQKDYHDORZHUDYHUDJHZDJH7KHODWWHUUHÀHFWVWKH
omission of some small but relatively highly-paid groups of workers such
DVLQLQVXUDQFH WKHLUDYHUDJHZDJHLV0DUNVSHU\HDUFRPSDUHGWR
WKHJUDQGPHDQRI0DUNVSHU\HDU 0RVWRIWKH%*6IRUZKLFKZH
lack tariff information drop out of our estimation sub-samples for other
UHDVRQVVHYHUDODUHWKHRQO\%*6LQDVHFWRUDQGIRURWKHUVZHKDYHOHVV
than 10 years of data.
The BGS decided on the three policy variables, so we confront possible
HQGRJHQHLW\ LQ WKH HFRQRPHWULF VHQVH 7KH HQGRJHQHLW\ FRXOG UHÀHFW
simultaneity, if BGS facing higher accident costs took stronger measures
WRFRPEDWWKHP7KHHQGRJHQHLW\FRXOGDOVRUHÀHFWXQREVHUYHGKHWHURJHneity, if the technologies in different sectors imply that the marginal cost
of accident-prevention, and thus the optimal safety regime, differs across
%*6LQZD\VZHGRQRWREVHUYH7DEOHUHSRUWVSRROHGDQG¿[HGHIIHFW
)(  HVWLPDWHV IRU IDWDO DFFLGHQWV ZLWKRXW FRQIURQWLQJ WKH HQGRJHQHLW\
LVVXH&ROXPQV  DQG  XVHDOO%*6IRUZKLFKZHKDYHWKHUHTXLVLWH
variables. Columns (3) and (4) focus on the three sectors summarized
LQ7DEOH&ROXPQV  WKURXJK  UHSRUWVSHFL¿FDWLRQVWKDWXVHRQO\
sub-sets of the three policy variables. The sample sizes vary across these
models because of the missing information on classes and span for some
BGS. In some cases, the estimates for the policy variables are either positive or effectively zero. In a well-functioning system we would expect all
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TABLE 4
322/('$1')(5(*5(66,216)25)$7$/$&&,'(175$7(6
(1)
(QIRUFHPHQW
Classes
Span

Insured per
establishment
Constant

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)

(11)

(12)
—

±

±

±

0.0559

±

±

—

—

—

—

—

(0.0750)

(0.0960)

(0.0674)

(0.0796)

(0.0602)

(0.121)

—

—

—

—

—

—

±

±

0.0565

±

—

—

±

±

±

±

—

—

(0.0779)

(0.111)

(0.0869)

(0.159)

—

—

(0.0790)

(0.112)

(0.0852)

(0.148)

—

—

±

±

±

±

—

—

±

±

—

—

±

±

(0.0486)

(0.0920)

(0.0454)

(0.117)

—

—

(0.0458)

(0.0926)

—

—

(0.0467)

(0.1000)

0.0986

0.0942

0.104

0.0951

0.0708

0.0766

0.0932

0.0899

—

0.0881

—

0.0899

(0.0136)

(0.0190)

(0.0102)

(0.00888)

(0.00898)

(0.0179)

(0.0136)

(0.0193)

—

(0.0188)

—

(0.0193)

0.00125

0.000318

0.000276

0.000402

0.000877

—

0.000889

—

0.000824

(0.000139)

(0.000576)

—

(0.000637)

—

(0.000564)

0.000346

0.000802

0.000313

(0.000140)

(0.000581)

(0.000127)

(0.000722) (0.000143) (0.000626)

100.7

102.7

175.1

194.6

171.9

175.2

92.39

93.82

95.71

96.69

92.72

95.35

(95.26)

(60.72)

(69.81)

(70.21)

(88.89)

(70.29)

(95.93)

(59.37)

(91.12)

(55.82)

(95.77)

(59.42)

Observations

All BGS

Case study BGS

All BGS

All BGS

All BGS

All BGS

Number of
observations

1.358

1.358

672

672

1.807

1.807

1.358

1.358

1.420

1.420

1.358

1.358

5VTXDUHG

0.934

0.391

0.902

0.506

0.923

0.382

0.933

0.385

0.932

0.383

0.933

0.385

No

<HV

No

<HV

No

<HV

No

<HV

No

<HV

No

<HV

%*6¿[HGHIIHFWV"

Notes$OOUHJUHVVLRQVLQFOXGHG\HDU¿[HGHIIHFWVDQG%*6VSHFL¿FOLQHDUWLPHWUHQGV1XPEHURIREVHUYDWLRQVLVODUJHULQ  DQG  EHFDXVHLQIRUPDWLRQRQVSDQDQGFODVVHVDUH
not available for all BGS. Robust standard errors in parenthesis.
Source(VWLPDWHGIURPWKH%*6GDWDEDVH
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three policy variables to have a negative effect on accident rates.38 The
two controls wages and insured have similar effects across the models,
and their effect is broadly invariant to the inclusion of the policy variDEOHVDQGWRWKHXVHRIWKHSRROHGRU)(HVWLPDWRU%*6ZKRVHZRUNHUV
are more highly-paid have higher accident rates. This result is consistent
with the idea that labor markets price out risk in the form of higher wages
in riskier settings, but we lack the wage data needed to precisely test
for compensating differentials.390XUUD\DQG1LOVRQ  VKRZIRUWKH
Austrian case that wage premia in more dangerous industries decreased
after the introduction of an accident insurance in 1887 (see also Kim and
Fishback (1993) for the American case). Wage differentials and accident
insurance were obviously (imperfect) substitutes.
To address the problem of the endogenous policy variables we use
an instrumental-variable (IV) approach. Table 5 reports IV models of
accident rates for the three sectors reported in Table 3. We focus on these
WKUHHVHFWRUVEHFDXVHRIWKHLQVWUXPHQWLQJVWUDWHJ\XQIRUWXQDWHO\VXLWable instruments for all BGS are not available. We construct the instruments as the mean value of a variable for the other BGS in a given sector.
Thus, for example, one instrument is the average value of the enforcement
variable for all other BGS in the sector. The idea underlying these instruments is that the policy variables change in reaction to shocks common to
DOO%*6LQDVHFWRU9LRODWLRQRIWKHH[FOXVLRQUHVWULFWLRQZRXOGUHTXLUH
that the policy in one BGS affect accident rates in another, even controlOLQJIRU%*6DQG\HDU¿[HGHIIHFWVDQG%*6VSHFL¿FWLPHWUHQGV2QH
might imagine technological spillovers across BGS within a sector that
would possibly violate the exclusion restriction here, but it seems unlikely
that could take a form that would escape the other controls. We use one
instrument of this type for each of the endogenous policy variables. The
IRXUWKLQVWUXPHQWLVWKHDYHUDJHYDOXHRI¿QDQFLDOUHVHUYHVKHOGE\RWKHU
BGS in the sector in a given year. Violation of the exclusion restriction in
WKLVFDVHZRXOGUHTXLUHWKDWWKHZHDOWKRIRWKHU%*6LQDVHFWRUGLUHFWO\
affects accidents rates, which is even more implausible.
7DEOHDOVRUHSRUWVGLDJQRVWLFVIRUZHDNLQVWUXPHQWVDQGLGHQWL¿FDtion problems. (All models in Table 5 have more excluded instruments
than endogenous regressors.) The Angrist-Pischke F values suggest
that the instruments are strong by any reasonable standard. With the
38
We experimented with combining classes and span into a single metric, for example, the
average span per class. The problem with this approach is that classes and span really capture
two different aspects of the tariff. A BGS could, and did, change one variable without affecting
the other.
39
Workers in more dangerous industries could, for example, have more human capital.
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TABLE 5
,167580(17$/9$5,$%/((67,0$7(6)25)$7$/$&&,'(175$7(6
(1)

(2)

(3)

(4)

(5)

(QIRUFHPHQW

±
(0.417)

—
—

±
(0.368)

—
—

—
—

Span

±
(0.178)

±
(0.185)

—
—

—
—

±
(0.162)

Classes

±
(0.477)

±
(0.473)

—
—

±
(0.484)

—
—

Wages

0.00101
(0.000131)

0.000984
(0.000130)

0.000887
(0.000124)

0.00100
(0.000129)

0.00105
(0.000134)

Insured per establishment
Constant

0.00132

0.00162

4.96e-05

0.00209

0.00126

(0.000657)

(0.000610)

(0.000491)

(0.000705)

(0.000521)

±
(0.138)

±
(0.110)

±
(0.117)

±
(0.108)

±
(0.102)

8.59
0.002

—
—

8.03
0.0004

—
—

—
—

16.78

14.97

—

—

26.01

0

0

—

—

0

13.42

12.57

—

11.56

—

0

0

—

0

—

4.86

9.17

8.03

11.56

26.01

1.305

2.01

16.205

0.747

0.211

0.2534

0.1562

0.0001

0.3876

0.6459

Ancillary statistics for IV
A-P F statistic and p-values:
 (QIRUFHPHQW

Span

Classes

Kleibergen-Paap F
+DQVHQ¶V-

Note$OOPRGHOVLQFOXGH%*6DQG\HDU¿[HGHIIHFWVDVZHOODV%*6VSHFL¿FWLPHWUHQGV0RGHOHVWLPDWHG
E\VWHS*006WDQGDUGHUURUVDUH+$&ZLWKEDQGZLGWK 7KH¿UVWVWDJHHTXDWLRQVDUHUHSRUWHGLQWKH
Online Appendix.
Source: BGS database.

exception of the restricted model reported in Column (3) the regressions
DOVRSDVVWKHWHVWVIRUZHDNRUXQGHULGHQWL¿FDWLRQ&ROXPQ  SUHVHQWV
DVSHFL¿FDWLRQXVLQJDOOWKUHHHQGRJHQRXVYDULDEOHV7KLVPRGHOYHUJHV
on heroic because it contains three endogenous variables. Comparison to
the models reported in Columns (2) through (5) provides some reassurDQFHXVLQJRQO\RQHRUWZRRIWKHHQGRJHQRXVYDULDEOHVDWDWLPHWKH
estimates for those differ somewhat in magnitude, but retain their negative sign. The models reported in Columns (4) and (5) differ the most
IURPWKHIXOOPRGHOLQ&ROXPQ  VLQFHWKHFODVVHVDQGVSDQYDULDEOHV
are part of a common strategy embedded in a tariff, it makes less than
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TABLE 6
,03/,&$7,2162)7+(,9(67,0$7(6
Span

Classes

(QIRUFHPHQW

1. Regression estimates (from Table 5)

 ±

±

±

2. Standard deviation of this regressor

0.2

0.081

0.119

(IIHFWRIDRQHVWDQGDUGGHYLDWLRQLQFUHDVHRQWKH
accident rate (row (2) * row (1)

 ±

±

  ±

4. This effect as a proportion of the standard
deviation of the accident rate (row (3)/.361)

 ±

±

  ±

Notes: The standard deviation of the fatal accident rate is .361.
Source: Table 5 and BGS database.

complete sense to estimate models with one of those variables alone.
Comparison to Table 4 shows that the IV estimates for the endogenous
YDULDEOHV DUH ³PRUH QHJDWLYH´ 7KH HQGRJHQHLW\ ELDV LQ WKH 7DEOH 
PRGHOVPDVNVWKH%*6¶VSRZHUWRUHGXFHDFFLGHQWV7KHFRHI¿FLHQWVIRU
all three estimates here are negative, as expected, and estimated tolerably
precisely.
7DEOHV  DQG  UHSRUW D VLPSOH HYDOXDWLRQ RI WKHVH HVWLPDWHV 8VLQJ
the model reported in Column (1) of Table 5, Table 6 demonstrates the
effect of a one standard deviation increase in each of the three policy
variables. A one-standard deviation increase in enforcement would by
itself reduce accidents by about 0.23 standard deviations. Table 7 appeals
to a slightly different counter-factual. Again using the estimates reported
in Table 5, Column (1), we consider the implications of the policy variables for the changes in accident rates we observe over this period. We
FRQVLGHU WZR VXESHULRGV IURP ± DSSUR[LPDWHO\ WKH HQWLUH
period) and from 1900 to 1910 (i.e., following the initial rise in accident rates). The observed increase in enforcement from 1890 to 1910,
IRUH[DPSOHLPSOLHVDQDFFLGHQWUHGXFWLRQHTXDOWRDERXWSHUFHQWRI
the actual reduction over that period. Adding the analogous estimates for
VSDQDQGFODVVHVZH¿QGWKDWPRUHH[WHQVLYHXVHRIWKHSROLF\YDULDEOHV
LPSOLHVDUHGXFWLRQLQWKHDFFLGHQWUDWHIURPWRHTXDOWR
percent of the actual reduction. This result illustrates the counter-factual
nature of the system’s partial success. If the policy variables had the same
values in 1910 as in 1890, the accident rate would have risen dramatically, propelled by changing technologies and larger plant sizes. These
evaluations imply that the BGS had available tools powerful enough to
reduce the accident rate, but only used them enough to forestall what
would have been increases in the accident rate propelled by larger plants
and other forces. One reason contemporaries were disappointed with the
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TABLE 7
7+(,03/,&$7,2162)%*632/,&<)257+('(&/,1(,1)$7$/$&&,'(176
±
Value

Changes

1890

1900

1910

1890 to 1910

1900 to 1910

0.557

0.613

0.425

±

±

3DQHO$0HDQVRI9DULDEOHV
Accident rate (actual)
0RQLWRULQJ

0.053

0.070

0.190

0.137

0.120

Span

0.080

0.234

0.460

0.380

0.226

Classes

0.078

0.135

0.238

0.160

0.103

3DQHO%&RQWULEXWLRQVRI(DFK3ROLF\9DULDEOH
0RQLWRULQJ

—

—

—

±

±

Span

—

—

—

±

±

Classes

—

—

—

±

±

3DQHO&(DFK&RQWULEXWLRQDVD3HUFHQWDJHRIWKH(QWLUH5HGXFWLRQLQ$FFLGHQWV
0RQLWRULQJ

—

—

—

72.6

44.6

Span

—

—

—

92.7

38.7

Classes

—

—

—

95.6

43.2

Notes7KHYDOXHVLQSDQHO$DUHVLQJOH\HDU¿JXUHVIURPWKHGDWDEDVHWKDWXQGHUOLHV7DEOH
The values in panel B multiply the regression estimates reported in Table 5, Column (1) by the
corresponding changes reported in panel A. Panel C reports those contributions as percentages of
the decline in accident rates. The contributions sum to more than 100 percent, implying that in the
DEVHQFHRIWKHSROLF\FKDQJHVUHÀHFWHGLQ3DQHO$DFFLGHQWUDWHVZRXOGKDYHincreased.
Sources: Table 5 and BGS database.

V\VWHPUHÀHFWVWKHGLI¿FXOW\RILPDJLQLQJKRZPXFKZRUVHWKHVLWXDWLRQ
would have been without it.40
&21&/86,216

Germany’s 1884 accident-insurance legislation forms a core piece of a
larger system that eventually provided virtually the entire German population with economic security in the face of accidents, illness, or old age.
The accident-insurance system effectively protected workers against the
40
The exercise reported in the text should not be confused with a decomposition of the sort
where the sum of the contributions sum to the actual change in accident rates. The regressions
LQFOXGHVHFWRUVSHFL¿FWUHQGVDVZHOODVRWKHUFRQWUROVWKDWDUHQRWFRQVLGHUHGLQWKLVH[HUFLVH2XU
results suggest that the German system was unusual in the effectiveness of enforcement measures.
)DFWRU\LQVSHFWLRQLQ86PDQXIDFWXULQJGLGOLWWOHWRUHGXFHDFFLGHQWUDWHVLQWKHHDUO\WZHQWLHWK
FHQWXU\&RDOPLQLQJLQWKH8QLWHG6WDWHVDSSHDUVWREHDQRWKHUUDUHH[DPSOHRIWKHVXFFHVVIXOXVH
of enforcement measures (Fishback 1998, pp. 757 ff).
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¿QDQFLDOFRQVHTXHQFHVRIZRUNSODFHPLVKDSV%XWLQLWV¿UVWGHFDGHVWKH
V\VWHPVDZOLWWOHVXFFHVVLQUHGXFLQJDFFLGHQWV7KLVH[SHULHQFHUHÀHFWV
WKHGLI¿FXOW\RIGHYHORSLQJDQGDSSO\LQJQHZVDIHW\SUDFWLFHVDVZHOODV
WKHGHVLJQÀDZVWKDWPDGHLWGLI¿FXOWIRUWKH%*6WRSULFH¿UPOHYHOULVN
appropriately.
Firms initially lacked strong incentives to reduce accidents for the institutional reasons we note. But low wages were another reason the workSODFHUHPDLQHGGDQJHURXV0RVWRIDQDFFLGHQW¶VFRVWWRWKH%*6ZDV
proportional to the workers’ income. The average insured steel worker
HDUQHG DERXW  0DUNV LQ  +LV %*6 SDLG VRPH  0DUNV SHU
ZRUNHUWRWKHLQVXUDQFHIXQGRUDERXW0DUNVSHUKXQGUHG0DUNVSDLG
LQZDJHV%HFDXVHWKH$FWUXOHGRXWSXQLWLYHGDPDJHV¿UPVVDZ
FRPSHQVDWLRQIRUIUHTXHQWDFFLGHQWVDVDPRGHVWSDUWRIWKHLUWRWDOFRVWV
The regulator, on the other hand, wanted lower accident rates that could
RQO\EHDFKLHYHGLI¿UPVLQYHVWHGLQPRUHVDIHW\HQKDQFLQJWHFKQRORJ\
DQGSUDFWLFHV7KH¿UPV¶UHOXFWDQFHWRGRVRUHÀHFWVWKHPHDJHUFRVWRI
paying the damages associated with unsafe workplaces: low wages made
accidents cheap.
5()(5(1&(6
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