
Timing of First Violations

The model in Chapter 3 predicted that if a state violates a treaty standard, it would do so 

early in wars in order to gain the strategic advantage of that violation as soon as possible.  When

violations come late in a war, the side winning on the battlefield, not the loser, should be more

likely to break the standard.  The winning side could use such violations to raise the cost of

continuing the war to its opponent, pushing the latter to agree to terms to end the war.  These

hypotheses contradicts a view that the first violations come from states desperate to stave off

defeat.  This section presents the results of a survival analysis on dates of first violations to test

these hypotheses.

I collected dates of first violations in the data set for this analysis.  These dates give the

first violation of the standard when we could find such dates.  The best evidence for such dates

are single acts that are violations tied to a specific report with the date of the act.  Chronologies

of the World Wars (e.g. [Gray, 1990 #135]) are particularly helpful in tracking down these dates

as are detailed military histories.  Dates were coded conservatively with the last date of the

month used for violations where I had only the month in which the violation occurred.  First

dates could not be found.  All the cases of standardized codings of violations are dropped from

this analysis because such codings were used only when I had no information on specific

violations and so could not place a date.1

These dates of first use face the important caveat that the first violation was coded even if

it was minor compared to major violations by the same side later in the war.  For example,

Germany's first use of chemical weapons on the Western Front of World War I is the chlorine gas

attack on April 24, 1915 in the Second Battle of Ypres.  The Germans claimed that this attack did



not violate the Hague Regulations against the use of projectiles that spread asphyxiating gases

because the gas was discharged from cylinders.  Like the Western Allies, Germany later used gas

shells, a clear legal violation of the standard for the coding of legal clarity.  The first use of gas

then was not the same as the acts underlying Germany's coding on the issue across the entire war.

Survival analysis, also known as event history analysis, is the statistical analysis of

durations before an event occurs that originate in epidemiology (see [Box-Steffensmeier, 2004

#461] for an introduction to survival analysis as used in political science).  It is called survival

analysis because it was developed for data on how long medical patients lived.  The basic unit of

observation is the warring party for a particular issue, and the dependent variable is time in days

from the start of the war until a side commits its first violation on that issue.  Those cases where

the side in question fully complies throughout the war are right-censored; the observation is

simply that no violation had occurred by the time the war ended.  The statistical techniques of

survival analysis allow us to use this information in addition to all the cases which did result in a

violation. I focus on hazard rates, the chance that a case ends � here has its first violation � at a

given time.  Hazard rates can be expressed as a function of time, which tells us how the chance of

a first violation changes as a war progresses.  If the hazard rate is increasing with time, then first

violations become more likely as the war goes on.  If it is decreasing, then first violations are

most likely early in the war.  If the hazard rate is flat, then the chance of a first violation per time

period does not change during the course of the war.  We can also see how the hazard rate across

cases varies with the variables we have examined earlier in this chapter.  Here the analysis tells

us whether the chance of a first violation increases (or decreases) with a given variable. 

Typically, such analysis assumes that an independent variable has the same effect on the hazard

rate across time, simply multiplying it by the same amount at every time; this assumption is



known as proportional hazards.  Variables may have effects on the hazard rate that are not

proportionate, and I test for those exceptions.

In most applications of survival analysis to political science, how the hazard rate varies

with the variables is the primary question of interest.  For instance, we might want to know how

characteristics of a coalition government affect its duration in office.  Here my main interest is

the shape of the hazard function, not how it varies across cases.  The model in Chapter 3 led to

the conclusion that the hazard rate of first violations should decline as a war progressed.  A side

that saw a strategic advantage in violating the laws of war should do so as soon as possible in the

war.  This hypothesis can be tested directly by fitting a parametric model where the shape of the

hazard function varies with some parameters that can be fitted to the data.  Statistical tests on the

parameters tell us whether the hazard rate is increasing, decreasing, or constant over time.  A

variety of parametric models are available, and they make different assumptions about how the

hazard rate could vary over time.  An exponential model assumes that the hazard rate is fixed, a

Weibull model assumes that it is monotonic, always increasing or decreasing with the direction

determined by its single parameter, and logistic models, such as the log-logistic or log-normal,

allow the hazard rate to be increasing over some time periods and decreasing over others.  All of

these parametric models are special cases of a generalized gamma distribution which has two

parameters.  Depending on the values of these two parameters, we can determine which of these

special cases seems to fit the data best and then examine how the estimated hazard rate of that

distribution changes over time.

Table 4.17 presents the results of these parametric survival analyses.  Time is measured in

days until the first violation or the end of the war.   I also include the variables examined earlier

to control for how the hazard rate varies across cases.  I convert the violator's battle deaths per



1000 prewar population into a death rate per day by dividing it by the length of the war.  I do this

because the casualties across the entire war are heavily affected by the length of the war, and the

conversion to a daily death rate eliminates the possibility of including the duration of the war in

the estimation.  The first column of Table 4.17 presents the results of the generalized gamma

distribution.  The scale parameter shows that a log-normal distribution fits the data best; the

generalized gamma distribution reduces to a log-normal distribution when the scale parameter, �º,

equals 0.  Here a statistical test for whether the scale parameter differs from 0 does not reject the

null hypothesis that a log-normal distribution fits the data.  The second column of Table 4.17

presents the results of an estimation fitting a log-normal distribution to the data; the results are

very close to those from the generalized gamma distribution as we would expect from the test. 

The shape parameter of both models allows us to tell whether the hazard rate is falling or rising

across time.  When the shape parameter �Ã  is greater than 1, the hazard rate rises first and then

falls with the turnover point coming earlier as �Ã  increases.2 

Table 4.17 about here

The models in the first two columns of Table 4.17 assume proportional risks across the

variables.  We can test this assumption by running a Cox proportional hazard model and

conducting a nonproportionality test on the Schoenfeld residuals (see [Box-Steffensmeier, 2004

#461], Ch. 8 for a discussion of such tests).  The Cox model does not assume a form of the

hazard function as the parametric models do, but instead tests for how the pattern of survival

times varies with the included variables.  The test shows that the risks associated with two

variables, the issues of armistice/cease-fire and CBW, are not proportionate.  Visual inspection of

the graphs of estimated hazard rates of both reveal that the hazard rate of each rises and then falls

with the turnover point coming much later in the war than is the case for the hazard rate overall. 



This pattern arises for both issues for clear reasons.  A side cannot violate an armistice or cease

fire until one has been in place, and there has to be a period of fighting before a cease fire can be

agreed to.  As seen in the earlier analyses, chemical and biological weapons is one area where the

standard is often observed.  Many of the cases of the use of such weapons occur during the First

World War when such weapons came into use during 1915, almost a year after the main warring

parties had been fighting.  The observed hazard rate for CBW reflects this observation, rising to

its peak hazard about one year into a war.  The final column of Table 4.17 controls for the

nonproportional hazards of these two variables by including an interaction of each with the

logarithm of the time until first violation or the end of the war if no violation occurs.  There is no

substantive change in the hazard rate from these interactive terms, although the fit of the model is

noticeably improved.

The quick drop in the hazard rate can be easily seen in the graph of the estimated hazard

rate given in Figure 4.1 calculated from the model in the third column of Table 4.17 with all

variables at their means.  I have plotted the passage of time on a logarithmic scale to spread out

the quick decrease in the hazard rate in the first days of the war to make the magnitude of the

change easier to see if far less dramatic graphically.3  The hazard rate drops quickly from its

original high on the first day of the war.  It drops by more than one-third in the first ten days of

the war and is less than one-half of its initial value within one month of fighting (the line at 30

days in Figure 4.1).  Within two months, the hazard rate has almost dropped to one-quarter of its

initial level, and within a year, it has dropped to one-eighth of its initial high value.

Figure 4.1 about here

The hazard rate is the daily risk of a first violations, and although it is highest early in the

war, there is still a significant chance of first violations later in the war.  Figure 4.2 gives the



chance that a side will not have committed any violations as a function of time passed during the

war.  The scale of the time axis is linear rather than the logarithmic scale used in Figure 4.1. 

There is about a 15% chance of violation within the first month of the war; the risk of a violation

rises to over 30% within the first six months of the war.  After a year, the risk of the standard

being violated is over 40%, which rises above one-half after two years.  (These points in time

correspond to the vertical lines in Figure 4.2.)  Figure 4.2 overstates the chance that violations

will occur at some time during a war because it does not account for the fact that most wars are

shorter than the period of time depicted in the figure.  The median duration of a war in the data

set is 237 days.  About 45% of the wars last one year, and less than one-third last two years or

longer (32.9% to be exact).  The picture remains the same; warring parties are much more likely

to violate the laws of war early rather than late in the course of their war.

Figure 4.2 about here

I now include a measure of reciprocity in these survival analysis.  Reciprocity poses a

endogeneity problem in that the first violation of the other side is not independent of the

continued compliance of the side in question.  As with the ordered probit analyses earlier, the

following survival analysis of reciprocal responses should be viewed conservatively then.  To

assess reciprocity, I include whether the other side has committed a violation.  Cases where the

other side has committed a violation while the side in question has not yet are then split into two

cases at the time of that violation by the other side.  Cases where both sides committed first

violations on the same day were not considered as reciprocal responses to one another.  I

conducted the same steps of the analysis as before, using a generalized gamma distribution to

determine the appropriate parametric form and tested the hypothesis that the risks induced by the

variables are proportional using the Schoenfeld residuals of a Cox model.  The two variables that



posed nonproportional risks were whether the other side had committed a violation and CBW, so

I added interactions of these variables with the natural logarithm of time.  Table 4.18 presents the

results of this final analysis estimated with a log-normal distribution as indicated by the

generalized gamma distribution.

Table 4.18 about here

Reciprocal responses are swift according to the analysis reported in Table 4.18.  Figure

4.3 shows the estimated hazard rates for first violations and reciprocal responses after a first

violation by the other side.  The estimated chance of responding to a first violation in the day

immediately after is over 40%.  The chance of a reciprocal response then falls off very quickly so

that two months after the initial violation, it is not greatly higher than the chance of a first

violation.  Figure 4.4 shows the chance that a side will not have committed a violation as a

function of time since either the war began or the other side has committed its first violation.  I

have shortened the time period shown in Figure 4.4 compared to Figure 4.2 to show how rapid

reciprocal responses are.  There is almost five-sixths chance that a side will respond to a first

violation within five days.  There is a 95% chance of a response violation with one month of the

initial first violation.  Of course, this analysis does not tell us about the size of the reciprocal

response nor does it demonstrate that the responses were adopted as retaliatory responses.  But it

does show that first violations are often met quickly by violations.

Figures 4.3 and 4.4 about here

Finally, I turn to the effects of the variables on the hazard rates of first use in Tables 4.17,

and 4.18.  The coefficients in these Tables indicate whether the variable in question makes  first

use more likely, if the coefficient is negative, or less likely, if the coefficient is positive.  The

pattern of results is the same as reported earlier; the variables which reduced overall compliance



in the earlier analyses made first use more likely here.  Again, my interest in the survival analyses

lies primarily in the shape of the hazard function, not in how the variables shift those hazards.

Cases of First Use Late in a War

As the survival analysis shows, first violations tend to come early in wars, not late, as the

model in Chapter 3 predicted.  A side might choose to violate an agreement that had held

throughout the war in a last effort to effect the outcome of war that was almost decided.  While

some argue that losers in such situations should be those who break a standard that has held in

order to stave off defeat, victors might do so in the model in order to force their opponent to

surrender and end the war.  To test these two possibilities, Table 4.19 lists all the cases where

one side committed a first violation by either side on the given issue after the war has gone on for

at least one year and where that side's compliance was low at best.  This last measure seeks to

exclude cases where the violator committed only isolated violations because such violations

could not be part of a campaign to influence the outcome of the war.  This measure excludes

cases of accidental sinking of hospital ships for instance.  I have classified these cases of late first

use based on the military position of the violator in the war at the time of the first violation; were

they clearly winning or losing or were the two sides relatively even in the results of battle?  Table

4.19 uses five classification � whether the violator was clearly winning, was favored on the

battlefield, neither winning nor losing, unfavored, or clearly losing.  There are no cases of the

first violator clearly winning, and five of the nine cases are even on the battlefield.

Table 4.19 about here

Of these nine cases, only Serbia's violations against Austro-Hungarian prisoners was a

clear decision reached on the battlefield before the first violation.  Serbia was overrun quickly by



after Bulgaria joined the Central Powers by a combination of German, Austrian, and Bulgarian

troops.  The violations in this case occurred when the Serbians forced around 40,000 Austrian

POWs to march with their retreating forces across the mountains into Albania ([Fryer, 1997

#274]).  Given the difficult conditions of a forced march across the Albanian mountain as winter

approached, many of both sides died.  The two cases where the violator was favored, Turkish

treatment of British POWs after the surrender of Kut in Iraq and German treatment of Italian

POWs after the Battle of Caporetto, are also the first occasions when these violator took large

numbers of prisoners from the forces of the victim.  The case that most closely fits the picture of

a losing side violating a standard to prevent defeat is Iraq's use of chemical weapons against Iran. 

Although the Iranians were gaining ground when Iraq used mustard gas in 1983, the fighting was

still along their border, meaning Iraq was not close to defeat.  Most of the cases occur in

situations where the battle results do not clearly favor either side.  The conservative coding used

for dates of first violation also mean that some of these cases may have had earlier violations for

which I was unable to pin down an explicit date.  I would be surprised, for example, if the first

atrocity by North Vietnamese forces against civilians in the Vietnam War happened in 1967. 

However, that is the date of the first verified atrocity that I could document.  The cases of late

first use do not support this conclusion of the model nor its alternative.  First violations come

early, not late in war.

Cases of Early First Use

The model in Chapter 3 argued that a side would be willing to violate a standard if it saw

a clear strategic advantage in doing so.  One way to test this conclusion is to examine the cases

where a side committed a first violation when the survival analysis predicted it should not.  To



find these cases, I examine the deviance residuals of the survival analysis including reciprocity. 

Table 4.20 lists the cases where the deviance residual exceeded 2, the side in question committed

the first violation, and its violations rose to the level of low compliance or noncompliance

(magnitude and frequency greater than or equal to 3).  These are the cases where a side was the

first to commit frequent major violations early in a war when the survival analysis predicts that

they were unlikely to commit violations at all.  The model suggests that there should be many

cases where the strategic effect of breaking the standard favored this side.

Table 4.20 about here

Of the nineteen cases in Table 4.20, I judge that at least eleven were cases where the

effect of breaking the standard favored the violator over the victim even if the victim retaliated. 

France placed strong restrictions on German and Austrian civilians at the outbreak of World War

I out of fear of espionage and sabotage, interning 45,000 enemy aliens in concentration camps. 

The number of French citizens in Germany and Austro-Hungary at the outbreak of war was much

smaller, and Germany did not intern French citizens in camps until after the German public

became aware of France's policy of internment of German citizens ([Garner, 1920 #259], 74-80). 

Although France gave German merchant ships a grace period of seven days before they were

subject to seizure in French ports and by French warships on the high seas, the seizure of

merchant shipping violated the Hague Convention and greatly favored France over Germany

because the German fleet was contained in harbor by the British while the French fleet had free

access to the high seas ([Garner, 1920 #259], 149-56).  Germany lost almost two-thirds of its

merchant shipping to seizures and internment in neutral ports within one month of the outbreak

of war ([Herwig, 1996 #33], 288).  Ethiopia lacked sufficient airplanes to retaliate against Italian

bombing of civilians ([Sbacchi, 1997 #160], 71), and China lacked chemical weapons to match



Japan's extensive use of poison gas against them beginning in 1937 ([Harris, 2002 #165], 50-51). 

The adoption of unrestricted submarine warfare favored Germany over Britain in the Second

World War.  The destruction of much of the Soviet Air Force on the first days of Operation

Barbarossa met that the Soviets lacked the capability to retaliate against German air attacks on

their cities in the first years of the war known to the Soviets as the Great Patriotic War.  The three

cases of armistice violations in Table 4.20 are all cases where the violator used a local superiority

to gain territory by breaking or refusing to enforce a cease-fire ([Oren, 2002 #355], 244, 291-92

for the Six Day War, [Polyviou, 1980 #356], 157-59 for the Turco-Cypriot War).  Israel shot

down 29 Syrian aircraft with no losses early in their 1982 war in Lebanon; after that, the Syrian

air force ceased operations in Lebanese air space, giving Israel freedom to conduct aerial attacks

without fear of retribution in kind.  Of the other eight cases, the two POWs cases involving Japan

and Germany have violators who clearly decided that humane treatment of POWs have not in

their interest, as we will see in the next chapter.  Perhaps the most interesting case here is the

adoption of unrestricted submarine warfare by the United States against Japan shortly after Pearl

Harbor.  The United States was quite vulnerable to retaliation in kind against its own merchant

shipping needed to transport troops and supplies in the Pacific, but the Japanese did not use their

submarines to attack Allied shipping, providing the U.S. with a huge strategic advantage from its

own submarine war against Japanese shipping, as we will see in Chapter 6. Similarly, Great

Britain and its allies gained a small strategic advantage from adopting unrestricted submarine

warfare against Italy because Italy did not commit its submarine fleet to the Battle of the Atlantic

in response.  At least eleven, and perhaps as many as fifteen, of the nineteen cases in Table 4.20

have asymmetric strategic effects, supporting the argument of the model from Chapter 3.



Table 4.17

Results of Parametric Survival Models Not Including Retaliation

Generalized
Gamma

Distribution

Lognormal
Distribution

Lognormal with
Correction for

Nonproportional
Hazards

Scale Parameter (�º) .198, .157, n.s.

Shape Parameter (�Ã ) 2.724, .142, <.001 2.855, .094,
<.001

2.598, .085,
<.001

Independent Variables

Both Sides Ratified Treaty? -.161, .476, n.s. -.179, .474, n.s. -.522, .438, n.s.

Violator Democracy -.834, .318, .009 -.845, .321, .009 -.554, .294, .059

Violator Democracy times Joint
Ratification

.881, .460, .056 .889, .464, .055 .531, .426, n.s.

Power Ratio .079, .606, n.s. .012, .612, n.s. -.240, .561, n.s.

Power Ratio times Joint
Ratification

-.092, .767, n.s. .045, .759, n.s. .093, .698, n.s.

Aerial Bombing .344, .418, n.s. .300, .423, n.s. -.024, .385, n.s.

Armistice 2.825, .448, <.001 2.738, .441,
<.001

-4.556, .760,
<.001

Armistice times Log(Time) 1.486, .151,
<.001

Chemical and Biological Warfare 3.412, .466, <.001 3.420, .463,
<.001

-.862, .988, n.s.

CBW times Log(Time) .744, .169, <.001

Treatment of Civilians -2.254, .402,
<.001

-2.266, .413,
<.001

-2.211, .375,
<.001

Protection of Cultural Property -1.440, .551, .009 -1.424, .569,
.012

-1.357, .517,
.009

Conduct on the High Seas 1.203, .432, .005 1.167, .435, .007 1.009, .395, .011



Prisoners of War -.778, .411, .058 -.776, .420, .065 -.798, .382, .037

Violator Initiated War? -.935, .207, <.001 -.904, .207,
<.001

-.690, .191,
<.001

Violator Battle Death Rate -.347, .111, .002 -.354, .117, .002 -.219, .104, .035

Violator Won War? 1.163, .449, .003 1.189, .450, .008 .959, 414, .021

Violator Won times Power Ratio -2.210, .754,
<.001

-2.205, .758,
.004

-1.698, .699,
.015

Constant 6.408 6.210 6.287

N 1248 1248 1248

Log Likelihood -1568.0 -1568.7 -1508.0

�Ç 2 365.3 w/16 d.f.s 384.6 w/16 d.f.s 506.0 w 18 d.f.s

Significance Probability of Model <.0001 <.0001 <.0001

Each cell gives estimated coefficient, standard error, and significance for a two-tailed test that the

coefficient is different from 0 if the statistical significance exceeds the .1 level.

The omitted category for the dummy variables of the issue-areas is treatment of the wounded.



Table 4.18

Results of Parametric Survival Model Including Retaliation

Lognormal with Correction for
Nonproportional Hazards

Shape Parameter (�Ã ) 2.777, .088, <.001

Reciprocal Variables

First Violation by Other Side? -9.123, .890, <.001

Log(Time since First Violation by Other Side) 1.380, .157, <.001

Independent Variables

Both Sides Ratified Treaty? -.373, .479, n.s.

Violator Democracy -.755, 3464, .029

Violator Democracy times Joint Ratification 1.005, .470, .032

Power Ratio -.515, .635, n.s.

Power Ratio times Joint Ratification .144, .754, n.s.

Aerial Bombing .248, 4135, n.s.

Armistice 2.621, .435, <.001

Chemical and Biological Warfare .080, .939, n.s.

CBW times Log(Time) .566, .156, <.001

Treatment of Civilians -2.090, .382, <.001

Protection of Cultural Property -1.571, .475, <.001

Conduct on the High Seas 1.195, .420, .004

Prisoners of War -.696, .384, .070

Violator Initiated War? -.890, .209, <.001

Violator Battle Death Rate -.314, .086, <.001

Violator Won War? 1.030, 452, .023

Violator Won times Power Ratio -1.955, .755, .010



Constant 6.778

N 1248

Log Likelihood -1490.2

�Ç 2 464.6 w 19 d.f.s

Significance Probability of Model <.0001

Each cell gives estimated coefficient, standard error, and significance for a two-tailed test that the

coefficient is different from 0 if the statistical significance exceeds the .1 level.

The omitted category for the dummy variables of the issue-areas is treatment of the wounded.



Table 4.19

Cases of Late First Use Classified by Status of Fighting at the Time of the First Violation

War Side Committing
First Violation

Other Side Issue-
Area 

Date of First
Violation

Violator Favored

World War I Turkey United Kingdom POWs November 10, 1915

World War I Germany Italy POWs October 24, 1917

Violator Unfavored

Iraq-Iran Iraq Iran CBW October 21, 1983

Violator Clearly Losing

World War I Serbia Austria-Hungary POWs November 18, 1915

Violator Neither Losing nor Winning

World War I Italy Austria-Hungary POWs June 29, 1916

World War I France Turkey POWs September 1, 1916?

Vietnam North
Vietnamese

United States, South
Vietnam and Allies

Civilians December 5, 1967

Vietnamese-
Cambodian

Cambodia Vietnam Civilians April 30, 1977

Iraq-Iran Iran Iraq POWs March 15, 1983



Table 4.20

List of Outlying Cases of First Violations

War Side Committing
First Violation

Other Side Issue-
Area 

Date of First
Violation

Second Balkan Bulgaria Serbia POWs June 30 ,1913

Second Balkan Bulgaria Serbia Wounded June 30 ,1913

World War I France Germany Civilians August 3, 1914

World War I France  Austria-Hungary Civilians August 3, 1914

World War I France Germany High Seas August 15, 1914

Italo-Ethiopian Italy Ethiopia Aerial
Bombing

October 3, 1935

Sino-Japanese Japan China CBW July 18, 1937

Changkufeng Japan Soviet Union POWs July 29, 1938

World War II Germany Western Allies High Seas September 3, 1939

World War II Western Allies Italy High Seas June 10, 1940

World War II Germany Soviet Union POWs June 22, 1941

World War II Germany Soviet Union Aerial
Bombing

June 24, 1941

World War II United States Japan High Seas December 10, 1941

Six Day Israel Jordan Armistice June 7, 1967

Six Day Israel Syria Armistice June 9, 1967

Yom Kippur Syria and Allies Israel POWs October 6, 1973

Yom Kippur Egypt and Allies Israel Wounded October 7, 1973

Turco-Cypriot Turkey Cyprus Armistice July 21, 1974

Israel-Syria
(Lebanon 1982)

Israel Syria Aerial
Bombing

June 4, 1982



Figure 4.1

Estimated Hazard Rate for First Violations



Figure 4.2

Chance of No Violation over Time



Figure 4.3

Hazard Rates for First Violations versus Retaliatory Responses



Figure 4.4

Probability of No Violation over Time for First Violations versus Retaliations



1. The exception here is chemical and biological weapons where the standardized coding is full
compliance based on the lack of any report of the use of those weapons.  These cases are kept in
the analysis as cases without a violation.

2. An estimation fitting a Weibull distribution to the data provides similar results.

3. The nonlinearity of the log-normal distribution shows up in the first day of the war as the
hazard rate rises from the first to the second day of the war.  A violation on the first day of the
war occurs at time 0 in the model.

Endnotes for Chapter 4


