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PREFACE

The Personnel Attrition Rates (PAR) Study as :. whule is limited to studying personnel sirengths
and battle casualties in historical land combat operations. Other tvpes of attrition (nonbattle losses,
losses to equipment, casualties to other services. and so forth) are outside PAR’s scope. as are personnel
losses in models, simulations, wargames, field experiments. or training exercises (like those of the

National Training Center).

Phase 1. or PAR-P1, was devoted to assembling the available data and past studies on personnel
strengths and attrition rates in land combat operations. preparing a comprehensive bibliography of it.

and planning the approach to subsequent phases. Its specific objectives were to:

e  Collect as many as possible of the available tabulated data and data-based studies of attrition

rates in historical land combat operations,
e  Prepare a comprehensive bibliography of such data and studies. and
e  Outline an approach to accomplishing the subsequent phases of the PAR Study as a whole.

The bibliography of works collected during Phase 1 was published as Personnel Attrition Rates in Land
Combat Operations: An Annotated Bibliography, US Army Concepts Analysis Agency Research Paper.
CAA-RP-93-2, June 1993. The collection of data and data-based studies consists of the files of pertinent

documents maintained at the US Army Concepts Analysis Agency.

Phases 2 and 3 of the PAR Study will convert some of the most important data to electronic form
in order to facilitate its analysis, and will perform selected analyses of the attrition data to derive

information useful in US Army wargames, studies. and analyses.

This paper, written as part of Phase 2, illustrates one such analysis. [t uses historical data on
personnel attrition to derive estimates of the susceptibility (iz.e.. probability that a particular anatomical
region is hit, given a hit somewhere on the whole body) and vulnerability (:.e.. the conditional
probability of being killed or wounded in action. given a hit on a particular anatomical region) of
selected major anatomical regions (such as the head. thorax. abdomen. arms. and legs). These estimates
will be useful to all who need to consider such factors to evaluate weapons effectiveness. estimate

personnel attriiion, perform studies and analyses, or assess protective equipment for personnel.
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PERSONNEL ATTRITION RATES IN SUMMARY |
CAA | HISTORICAL LAND COMBAT OPERATIONS: CAA-RP-93-3
SUSCEPTIBILITY AND VULNERABILITY !
OF MAJOR ANATOMICAL REGIONS |

THE REASON FOR PREPARING THIS PAPER is that the data collected on personnel attrition rates
can be used to es*imate the susceptibility and vulnerability of major anatomical regions. and that such
estimates will be useful to those engaged in weapons systems analysis and development. wargaming and

simulation. and the assessment of personal protective devices.
THE SPONSOR is the Director. US Army Concepts Analysis Agency.

THE OBJECTIVE is to provide the Army with estimates of the susceptibility and vulnerability of

major anatomical regions, derived on an empirical basis.

THE SCOPE OF THE STUDY is limited to the susceptibility (probability of hitting one of the major
anatomical regions) and vulnerability (conditional probability of being wounded or killed in action given
a hit in one of the major anatomical regions) of personnel to bullets, shell fragments. and similar

threats.

THE MAIN ASSUMPTION of this paper is that the bulk of the pertinent works have been collected and
are on file at CAA.

THE BASIC APPROACH is to use published data on personnel attrition to estimate the susceptibility

and vulnerability of major anatomical regions (such as the head. thorax. abdomen. arms. and legs).

THE PRINCIPAL FINDINGS of this work are that published personnel attrition data can be used to
estimate the susceptibility and vulnerability of major anatomical regions. The susceptibility estimates
based on various sources are generally similar, which suggests that they are influenced only slightly by
variations in the tactical situation. The vulnerability estimates appear to be somewhat more sensitive to
the tactical situation. but clearly indicate that a hit in one of the central regions (head. thorax. and

abdomen) is far more likely to result in a killed in action than a hit on the extremities (arms and legs).

THE STUDY EFFORT was directed by Dr. Robert L. Helmbold. Scenarios and Model Validation

Division.

COMMENTS AND SUGGESTIONS may be sent to the Director. US Army Concepts Analysis Agency.
ATTN: CSCA-MV. 8120 Woodmont Avenue, Bethesda. Marvland. 20814-2797.
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CHAPTER 1

EXECUTIVE SUMMARY

1-1. BACKGROUND. In April 1992, the US Army Concepts Analysis Agency ((CAA) started a three-
phased study of Personnel Attrition Rates (PAR). The present document covers only the portion of this

work having to do with selected aspects of the anatomical distribution of hits and casualties.

1-2. OBJECTIVE. The main reason for performing this study was to put on record the work done on
the anatomical distribution of hits and casualties using the extensive data collected during Phase 1 of
PAR. The issue addressed is. “\What do the data tell us about the susceptibility and vulnerability of
various parts of the body?™ Here susceptibility is defined to be the probability that a certain anatomical
region will be hit, given a hit somewhere on the whole body. Vulnerability is defined to be the
(conditional) probability that one or another type of casualty will result. given that a certain anatomical

region is hit.

1-3. SCOPE. PAR is limited to studying personnel strengths and battle casualties of land combat
forces. Other types of attrition (.nonbat,tle losses. losses ro equipment, casualties to other services. and so
forth) are outside PAR’s scope. PAR is concerned only with historical data on actual combat operations:
it will not deal wit! personnel losses in models. simulations. wargames. field experiments. or training
exercises (like those of the National Training Center). PAR focuses mainly on either original or
translated works in English, although some important work in other languages may be included. Studies
of personnel attrition are also included. provided they contain cogent analyvses of a publicly available.
nonproprietary body of tabulated data ou attrition in actual combat operations. Since trends in attrition
over long periods of time are of interest. data on ancient as well as recent battles are solicited. However,
as no contract support is anticipated and in-house resources are limited. no systematic effort is made to
extract data from the archives or primary source materials. and no original historical research is
envisioned. Thus, PAR relies almost exclusively on secondary works that contain data in readily usable

tabulated form. All works received prior to the cutoff date of 31 May 1993 are included in the final

report on Phase 1 (see CAA-1993. in the References listed in Appendix A).

The scope of the present paper is limited to wounds inflicted on personnel by projectile impact.
where “projectiles™ include bullets. shell fragments, flechettes. shrapnel. grapeshot. and similar items. It
is {at least in principle) possible to locate the anatomical site of the injuries caused by such projectiles.

Bodily injury inflicted by weapons or weapons effects that are difficult to localize are excluded from the

1-1
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scope of this paper Some examples of the types of weapons or weapon effects excluded are circinical
weapons {encompassing war gases and other toxic substances. flame weapons. and biological agents),
nuclear weapons effects (blast, ionizing radiation. and thermal effects). and directed energy weapons.
Injuries to personnel in armored vehicles are not included. primarily because sufficient data to perforn a

proper analysis of that case was not in hand.

1-4. ASSUMPTIONS. The main assumption of this paper is that the bulk of the pertinent works have

been collected and are on file at CAA.

1-5. APPROACH. The basic approach is to use published data on personnel attrition to estimate the

susceptibility and vulnerability of major anatomical regions.

1-6. FINDINGS AND OBSERVATIONS. It is feasible to use published data on personnel attrition to
estimate the susceptibility and vilnerability of selected major anatomical regions. Based on our results,
we suggest the nominal values in Table 1-1 as applicable to US Army combat operations under
contemporary conditions (see the Glossary for the abbreviations KIA. WIA., ¢fc. ). These values are

consistent with the results obtained in Appendix B. but are otherwise more or less arbitrary.

Table 1-1. Suggested Nominal Values of Personnel Susceptibility and Vulnerability

Anatomical Nominal Nominal Nominal Nominal Nominal
Region P(Hit) P(KIAJHit) P(WIAJHit) P(DOW|ilit) P(NFWjHit)

Head&Neck 0.23 0.45 0.55 0.03 0.52
Thorax 0.15 0.45 0.55 0.04 0.51
Abdomen 0.10 0.35 0.65 0.10 0.55
Arms 0.20 0.03 0.97 0.01 0.96
Legs 0,32 0.05 0,95 0,02 0.93
Total 1.00 - -———- -——- -———

The implied nominal unconditional probability of KIA. obtained from the formula,
P(KIA) = Z P(KIAJHit) x P(Hit).

where the sum is taken over all of the major anatomical regions. is P(KIA) = 0.228. This value is close

to the traditional rule of thumb that about 1/4 to 1/5 of those hit are KTA.

We observe that these nominal hit probabilities are not the same as those implied by the
hypothesis that hits are uniformly distributed over the body when the relative areas of the major
anatomical regions are taken to be those given in the Joint Munitions Effects Manual (JMEM). in
particular in Ref JMEM-1991). In addition. the JMEM casualty criteria (such as being able to conduct a

defense for some specified minimum period of time) have no known relation 1o the conventional casualty

categories used in the published data on personnel attrition (such as KIA. WIA, and so forth).
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CHAPTER 2

DISCUSSION OF VARIOUS CONSIDERATIONS
BEARING ON THE MAIN ISSUE

2-1. INTRODUCTION. As stated in Chapter 1. the issue to he addressed is *VWhat do the data tell us
about the susceptibility and vulnerability of various parts of the body?™ Here susceptibility is interpreted
as the probability that a certain anatomical region will be hit. Vulnerability is interpreted as the
(conditional) probability that ane or another type of casualty will result. given that a certain anatomical
region is hit. This chapter describes and discusses various considerations bearing on the estimation and
interpretation of the susceptibility and vulnerability probabilities. As such. it covers both background

and approach.

2-2. DEFINITION OF ANATOMICAL REGIONS. The major anatomical regions in common use are
the following: head and neck. thorax. abdomen, pelvis. arms. and legs. However. many authors omit the
pelvis as a separate region and include it under one or more of the other regions. In addition. many
refinements of these basic regions are possible. For example. the head and neck may be subdivided into
the following four regions: head (less face and neck), face (less eves). eves. and neck. Others subdivide
the arms into shoulder. upper arms, elbow, lower arm. wrist. hand. and fingers. The legs may be
similarly subdivided. Many include a “Multiple Wounds™ and/or an ~Other (or Unknown)" category to
account for records that do not fit easily into any of the above categories or are missing. Because various
authors use somewhat different boundaries for the anatomical regions. we are often forced to use various
descriptors. or to estimate how to convert a set of values based on one anatomical categorization to a
different categorization (e.g.. from values based on a categorization by head. neck. thorax. abdomen.
spine, shoulder, arms, hips and buttocks. and legs to another categorization according to head and neck.

thorax. abdomen. pelvis. arms. and legs).

Figure 2-1 shows the definition of anatomical regions used in most routine US Army casualty
reports from the field during World War II and Korea. However. there is no assurance that this
definition of anatomical regions is used by all of the sources considered here. In fact. Bever-1962, pp 762-
763. presents a somewhat different demarcation of anatomical regions that was used for some of the
battle casuaity surveys done during the Korean War. Beyver-1962. p 53&. notes that “The lack of a
standardized method of demarcation of the regions of the body makes it impossible to compare

accurately the distribution of wounds in any two or more collections of casnalty data.”

2-1
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THE REGIONS OF THE BODY AS DEMARCATED
ACGORDING TO THE OESCRIPTION N THE TEXT

PER CENY OF TOQTAL

syusoL REGION BODY SURFACE AREA
] HMEAD AND NECK 2 .
c cHEST "
A ASDOMEN "
1] UPPER EXTREMITIES 22
8 LOWER EXTREMITIES 39

WRAMC-4606-A

Figure 2-1. Demarcation of Major Anatomical Regions (from Bever-1962. p 360).
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Moreover. it is often difficult in practice to identify the anatomical region struck unless the
individual is stripped and given a detailed. thorough examination. The KIA are seldom subjected to such

a procedure, and the data on their anatomical region of wounding should be viewed accordingly.

2-3. PRESENTED AREA OF ANATOMICAL REGIONS. The presented area of the anatomical
regions is thought b some sources to influence their susceptibility to being hit. Such a view usually
takes the form of spothesizing that hits are uniformly and randomly distributed over the body. This
hypothesis would imply that the susceptibility of each anatomical region is proportional to its average
presented area. The hypothesis of uniform distribution of hits is based on the following considerations.
If. as is generally believed. missiles are seldom aimed at a particular individual (much less at a
particular anatomical region of a particular individual). and even if so aimed the dispersion of their
impact points (allowing for aiming and other errors) is large compared to the dimensions of the human
body. it then follows that the distribution of hits on the body should have (very nearly) a uniform
random distribution. However. this randomness is conditioned by the degree 1o which various body
portions are “exposed,” or susceptible to being hit. and such exposure may differ from one situation to
another. In particular, posture and cover (including defensive works such as foxholes. bunkers. and
revetments: wading through water in an amphibious assault. stream crossing. or swamp: crouching or
prone versus standing; the type and “density” of local vegetation as well as other aspects of the local
“micro-terrain”: transport in armored or unarmored vehicles versus on foot: body armor and helmets
and (to a lesser extent) the heavy clothing worn during cold weat‘her:. and a host of other factors) affects
the degree to which various body portions are exposed in this sense. and hence affects the reported
numbers or statistics on anatomical location of wounds (since a missile impact that does not penetrate
the helmet, armor, or clothing and does not produce broken hones. contusions. or other injuries serious
enough to qualify as a “wound” will not find their way into the statistical tabulations). Hence the
relative susceptibility of the major anatomical regions may not correspond exactly to their average

presented areas.

Table 2-1 shows some of the presented area estimates that have appeared in the literature. It is not
clear whether the variation apparent in these estimates is due mainly to differences in demarcation of
anatomical regions. or to other differences in estimating their relative proportions. Also. it wonld seem
reasonable to expect particular individuals to depart more or less from the average presented areas due

to their peculiar size and shape. but we found no satisfactory treatment of such individual variability.

2-4. DEFINITION OF CASUALTY CATEGORIES. The principal battle casuaity categories in current
use by the United States Army for reporting data obtained in the field are killed in action (KIA),
wounded in action (WIA), and died of wounds (DOW). These are defined as follows.

KIA.- Killed in action (DOD, NATO, IADB). A battle casualty who is killed ontright or who dies

as a result of wounds or other injuries before reaching a medical treatment facility. See also died of
wounds received in action.
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Table 2-1. Estimated Average Presented Areas of Major Anatomical Regions

Anatomical Percentage of total body area®

region BBZ® MGt Lb B® JMEM®
Head&Neck 12.0% 6.0% 9.0% 42.0% 6.5%
Thorax 16.07% 41.07% 29.0% {(w/HeadNeck) 13.0%
Abdomen 11.0% (w/Thorax) (w/Thorax) (w/HeadNeck) 10.7%
Pelvis - -- -- -- 11.6%
Upper Limbs 22.0% 20.0% 21.0% 19.0% * 20.5%
Lower Limbs 39.07% 33.0% 41.0% 39.0% 37.8%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
Table Notes:

% Dashes indicate values not given in the source. The notation
(w/--+) indicates that the source does not list this anatomical
region separately. but includes it under the ... heading.

> BBZ = Black, Burns and Zuckerman. as cited by Bever-1962

pp 108. 572, 611. and 847: and by Beebe-1952 p 167.

MG = McMillen and Gregg. as cited by Beebe-1952 p 167.

L = Longmore. as cited by Beebe-1952 p 167 and 0tis-1883
p 691. .

B = Berkow. as cited by Beebe-1952 p 167.

JMEM =

Taken from JMEM-1991. Chapter 2.

WIA.- Wounded in action (DOD, NATO, IADB). A battle casualty other than -killed in action™
who has incurred an injury due to an external agent or cause. The term encompasses all kinds of wounds
and other injuries incurred in action, whether there is a piercing of the body. as in a penetrating or
perforated wound. or no~- as in the contused wound: all fractures. burns. blast concussions. all effects of
biological and chemical warfare agents. the effects of exposure to ionizing radiation. or any other

destructive weapon or agent.

DOW.- Died of wounds received in action (DOD, NATO). A battle casualty who dies of wounds or
other injuries received in action. after having reached a medical treatment facility. See also killed in

action.

The carded for record only (CRO) cases are not generally reported. where CRO is defined as
follows:

CRO.- Carded for record only. (Adapted from Beebe-1952.) Basically. admissions to a medical
treatment facility include all cases admitted for medical care and not returned to duty on the same
calendar day as that on which first seen. but theyv also include certain other cases treated on an
outpatient (duty) status and designated as carded for record only (C* O).

Sometimes the WIA are subdivided into seriously (SWIA) and lightly or slightly wounded (LWIA)
categories. defined as follows:

LWIA.- Lightly or slightly wounded in action. A casualty that is a sitting or walking case.
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SWIA.- Seriously wounded in action. A stretcher case. See also WIA.

In practice. of course. varying definitions of KIA and WIA have obtained at various times within
the US Army. For example, during World War Il and Korea. the “medical treatment facility”™ indicated
in the above definitions of WIA and KIA was the battalion aid station. However. during and subsequent
- to the Vietnam War, it was changed to mean hospital. Other US services do not necessarily use the same

definitions. For instance, during World War II. the Navy and Marine Corps counted as KIA those who

died within 24 hours of being wounded, whether they were under medical care or not. Nowadays. they
use the same definitions as does the Army. We remark that the personnel casualty criteria used by the
Joint Munitions Effectiveness Manual (JMEM-1991) are quite different from. and have no known

relation to. the above casualty categories.

Furthermore, our allies do not necessarily use the same definitions as we do. For example. Thayver-
1985. p 101, states that “... every allied force in Vietnam counted its wonnded differently so those
figures are not comparable among forces.” and Love-1932 states that “The British classify as battle
casualties ... those who suffered shock to the nervous system caused by bursting shells although

-

producing no visible trauma ...~ while the US Army did not and does not. Even when common
detinitions are officially adopted. they may not exactly fit the situation. or they may not he faithfully
and accurately applied. Such errors in reports at the lowest ievels will propagate through the reporting
system, which may itself introduce additional errors (due to double-counting, mistakes in transcription.

lost or mislabeled records. and so forth).

2-5. QUALITY OF.THE BASIC DATA. The basic data on anatomical distribution of various casualty
categories may be affected by a variety of errors. Some of these have heen mentioned above in
connection with the definitions of anatomica! regions and of casualty categories. A few others are
mentioned below. Unfort.anately, there usually are ne~ satisfactory objective methods either for

estimating their magnitude or for correcting them.

There are errors in the basic casualty records. This basic information is nsually derived from the
records made by personnel in the field. Records on KIA and other deaths are generally maintained by
personnel specialists and forwarded to The Adjutant General. while records of wounded and their
treatment in medical facilities are normally maintained by medical specialists and forwarded to The
Surgeon General. However, there is often some overlap in reporting between these two systems. and ir
most cases the duplication reveals discrepancies between the two systems. For example. Reister-1975 (p
4) reports the discrepancies described in Table 2-2 with regard t< World War II statistics. Bever-1962 (p

- 451) reports the discrepancies described in Table 2-3 with regard to the actual location of wounds and
those reported on the Emergency Medical Tags (EMTs) used to record medical data on casualties. Datel-

. 1979 notes major discrepancies between The Surgeon General and The Adjutant General with regard to

the counts of suicides in the US Army. even during peacetime. !
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Table 2-2. Comparison of Wounded and Battle Deaths. US Army. World War {I

Tyvpe of casualty

The Adjutant
General's report

The Surgeon
General's report

Wounded in action ...............592.170° 723.560
Carded for record only ....... -- 123.836
Wounded admissions ........... - 599.724

Total deaths .........ccviveun.. 216.005 213.030
Killed in action ............. 189.696° 192.220
Died of wounds ............... 26.309° 20.810

Other battle deaths ............. 18.869°¢ 16.7939

[able Notes:

Excludes 453 died of wounds while captured.

b

in enemy prisons.

Excludes 3.102 killed after capture.
¢ Includes 3.102 killed. 453 died of wounds.

6.058 declared dead.
and 9.256 died of other causes. nonbattle. while captured or
interned.

Based on The Adjutant General's file of declared dead and died

Table 2-3. Comparison of Regions Actually Involved and Regions Recorded on EMTs

Regional Noted on
Region involvement EMT but not
actually present and actually
Body region involved noted on EMT present
Head ............. 431 327 49
Neck ............. 178 38 19
Thorax ...........! 572 338 12
Abdomen .......... 269 114 47
Pelvis ........... 175 26 14
Extremities:
Upper ......... 409 113 42
Lower ......... 388 190 34
Genitalia ........ 23 3 3
Total ..........2.445 1.169 250

In the future. we can expect to be faced with similar or worse discrepancies between counts

assembled and provided by various agencies, since (as noted by Schmidt-1963. Smith-1969. and

Uhorchak-1992) there is at present no designated organization or explicit requirement either to collect.

process. and disseminate during combat operations any data on casnalties or attrition. or to resolve the
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discrepancies among various reporting agencies. For example. The Surgeon (ieneral concentrates on
personnel who are admitted to hospitals for treatment, while The Adjurant General also reports on

personnel who are KIA, MIA. captured, or otherwise lost from their assigned unit.

2-6. COUNT WOUNDS OR WOUNDED. The sources consuited sometimes provide data on the
number of wounds and sometimes on the number of casualties. In general. attempts to convert one of
these types of tabulations to the other are inappropriate. For example, one casualty hit three times (e.g..
in the leg, arms, and thorax) can hardly Be said to be equivalent to three casualties each hit once (one of
them in the arm, another in the leg, and another in the thorax). Counting wounds rather than casualties
tends to muitiply-count the casualties (since each of the wounds suffered by a casualty are counted). yet
counting casualties rather than wounds tends to undercount wounds (since each casualty is assigned to

only one wound category even though that individual may have suffered muitiple wounds).

Regardless of whether they count wounds or casualties. the sources rarely provide any information
on the number of casualties who sustained exactly a certain number of wounds (e.g.. exactly one. exactly
two. ... ). For example, a source might indicate that 800 casualties experienced a total of 1.000 wounds:
150 wounds located in the head, 250 in the thorax. 300 in the arms. and 300 in the legs. However. there
is no way, of telling from this information how often a given anatomical region was associated with a
casualty. For example, it is possible that of the 800 casualties. 130 were wounded in the head exactly
once, 250 were wounded in the thorax exactly once. 300 were wounded in the arms exactly once. and 100
of them were wounded exactly three times in the legs. On the other hand. it is also possible that 150
were wounded in the head exactly once, 200 were wounded exactly twice (in both the thorax and legs).
another 50 exactly once in the thorax. 100 exactly once in the legs. and 300 exactly once in the arms.
Obviously, many other allocations of wounds to casualties are also mathematically possible. and there is
no ohjective way of determining which allocation is correct. In view of this ambiguity. in this paper we
use data giving counts of the casualties rather than those giving counts of the wounds. This. in effect.
makes the same assumption that is often adopted by similar studies-—namely. that the sources that
count casualties by anatomical site of wound are reporting the anatomical site of the primary wound for

that casualty.

2-7. ANATOMICAL DISTRIBUTION FOR WIA VERSUS KIA. Some sonrces attempt to deduce the
susceptibility and vulnerability of various anatomical regions by examining data on the distribution of
hits for WIA casualties. Some writers have even attempted to assess the relative merit of various body
armor configurations on such data. However, this is improper. because it ighores the data on KIA
casualties and so commits a fallacy like that in the oft-repeated military operations research story about
the official who wanted to armor those parts of an airplane that exhibited the greatest frequency of hits

upon their return to base. The heart of this fallacy lies in the fact that the relative vulnerability or
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sensitivity of various portions of the body to missile impact affects the anatomical distributions reported

in the usual statistics.

To illustrate this phenomenon, suppose that only a certain tvpe of missile is used. which is
invariably lethal if it strikes the head. and invariably nonlethal otherwise. Then the distribution of fatal
hits by anatomical region will show that all of them struck the head (and the force using that missile
may get a reputation as “sharpshooters™). On the other hand. the distribution of nenfatal hits by

anatomical region will show that none of them struck the head.

In general, the differences in relative vulnerability of the anatomical regions (t.e.. in the probability
of a KIA versus a WIA resulting when that region is struck by a missile) causes the distribution of hits
by anatomical region for the KIA\ casualties to differ from that for WIA casualties. In fact. when
distributions of anatomical region are given for KIA and WIA. they should be treated as reflecting the
probability of a hit in a given anatomical region grven that a KIA (or. respectively. a \WIA) occurred.
Symbolically, they are related to Prob(Hit Region R| KIA) and Prob(Hit Region R{WIA). Some

information relevant to these conditional probabilities is presented later in this section.

However. before doing so we remark that these are nof the probabilities needed for evaluating
munitions effectiveness, assessing casualties in wargames and simulations. or estimating the henefits of
various protective measures. For such purposes-one needs the (nnconditional) distribution of hits on the
anatomical regions, together with the conditional probability of a KIA (or WIA) gieen a hit in a
specified anatomical region. These may be expressed symbolically as Prob(Hit Region R),

Prob(KIA, Hit Region R), and Prob(WIA[ Hit Region R). A method for estimating those probabilities is

described in the next paragraph (2-8). The results obtained thereby are discussed in Chapter 3.

To estimate the Prob(Hit Region R[ KIA) and Prob(Hit Region R| WIA) we proceeded as follows.
We started with the data in Tables B-1 and B-2 of Appendix B. We then discarded those data for which
the sample size was not known. The remaining values were adjusted by distributing the values in the
“other/unknown” anatomical region to the other regions. assuming that they were in proportion to the
known cases for those regions. Then we sorted the records into two groups according as to whether the
data were for KIA or WIA. Each of these groups was further subdivided according as to whether they
tallied the number of wounds or the number of wounded. The anatomical distribution data for each of
these four groups was then averaged, using a weighted average weighted by the number of cases in the
sample size. The resulting estimates of the conditional distribution of hits given KIA or WIA are
displaved in Figures 2-2 and 2-3. respectively, where the notations #Wnds and #Cas means that the

values shown are based on the number of wounds and the number of wonnded (respectively).

What is apparent from these figures is that the distribution of hits given WIA is about the same
whether the counts are based on wounds or on wounded. On the other hand. the distribution of hits

given KIA when counts are based on wounds is not the same as when connts are based on wounded.
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Figure 2-2. Observed Anatomical Distribution of Hits, Given KIA.
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Figure 2-3. Observed Anatomical Distribution of Hits, Given WIA.
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Also. when counts are based on wounded. the distribution of hits given WIA tends to be conceutrated in
the extremities {arms and legs), while the distribution of hirs given KIA rends to be concenrrated in the
central regions (head. thorax. and abdomen). Presumably part of this is dne ro the fact that WIA are
seldom hit in multiple anatomical regions, while KIA are. We do not attempt a deeper interpretation of
these figures because, as noted earlier. we are not much interested in the prababilities of the

corresponding events.

2-8. ESTIMATING SUSCEPTIBILITY AND VULNERABILITY. The method for estimating the
probabilities of more interesting events follows essentially the procedures outlined by Bellamy-1983 and
used in the Bougainville and New Georgia-Burma studies reported in Beyver-1962. That is. we prepare a
table like that shown in Table 2-4, with rows for the anatomical regions {head. face. eve. neck. thorax.
abdomen. pelvis, spine, upper arm, lower arm. hand. hip and buttock. upper leg. lower ley "ot
multiple. and other and unknown) and columns for the casualty categories (KIA. WIA. Do nd
NFW. where NFW is an abbreviation for nonfatal wounds). At the intersection of each row and column
we record the number of casualties curresponding to the appropriate anatomical region and casualty
category. The data shown in Table 2-4 are from Tables 21 and 23 of Reister-1975. and apply to World

War II. US Army, 1942 through 1944. all theaters.

Some sources give the required values directly. Others give them indirectly by providing the total
number of casualties in each casualty category together with the percentage of such casualties by each
anatomical region. In either situation. the number of cases for each anatomical region is adjusted by
adding to it a proportion of the cases tabulated under the other (r.e.. unknown) and multiple anatomical
region headings (this assumes that such proportions are abont the same as for those cases in which the
anatomical region is specified). In this paper. the resuits of adjusting for both the other and the multiple
anatomical region headings is called the “fully adjusted™ values to distingnish them from the adjusted
values using only the other/unknown headings. Table 2-3 shows the results of fully adjusting Table 2-4
values in this fashion. Note that this adjustment does not affect the column totals. Also. note that the
adjustment is typically much larger. and hence potentially more subject to error. for the KIA than for

the other casualty categories.

The finai step is to estimate from these data the probability that a given anatomical region is hit
(given. of course, that some anatomical region has been hit) and rhe conditional probabilities that
various casuaity states will result from a hit in a given anatomical region. The probability of a hit in a
given anatomical region is estimated by dividing the adjusted row-totals for that anatomical region by
the total number of casualties for the entire table. The results when Table 2-3 is used are shown in Table
2-6. For example. the probability that the head region is hit is estimated by dividing 123.150.7 by
791.944. The (conditional) probabilities that various casualty states will result from a hit in a given

anatomical region are estimated by dividing the adjusted row-values for rhat anatomical region and
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casualty category by the adjusted total number of hits on that anatomical region. For mstance. the
estimate in Table 2-6 of the probability that a hit in the head region will result in a KIA is obtained by

dividing 76.255.5 by 123.150.7.

Table 2-4. Initial Data on Hits by Anatomical Region and Casualty Category

Line Anatomical Casualty category

no region KIA WA DOW NFwe Total
1 Head 30599 16267 3932 142335 TOR66
2 Face-Eye® 2088 32423 623 31800 35411
3 Eye 27 11774 66 11708 12052
4 Neck 3990 9204 156 93148 13794
3 Thorax 17957 43427 3615 39812 61384
6 Abdomen 12917 41170 396 35184 31087
T Pelvis 122 5253 210 5013 3375
3 Spine 278 TV 712 7003 70903
9 UArm®© 2511 153015 999 152016 155526
10 LArm? --* -- -- -- -
11 Hand -~ -- -- -- --
12 Hip&Buttock 970 19487 381 1910€ 20457
13 ULeg-Hipcf 4522 221355 3183 21R172 225877
14 LLeg? -- -- -- -- -
15 Foot -- -~ -- -- - -
16 Multiple ]821 1901 430 1471 10722
17 Other 106267 6133 290 3213 112400
18 Total 192220. 5399724 209013 STRRLL 791944
19 Proportion 0.2427 0.7573 0.026-4 0.7309 1.0000
20 Frac. known 0.4013 0.9866 0.9656 0.9871+ 0.3445

Table Notes:
NFW stands for "nonfatal wounds.”
Face. not including the eye,
¢ U stands for “upper.”
L stands for “lower.”
¢ Dashes indicate values not given in the source consulted.
or not applicable for other reasons.
Upper leg. not including the hip and buttock region.

=)

o

S

The number of CRO cases is omitted from these computations. partly because they represent
relatively minor injuries and partly because the records on those cases have not found their way into the
generally available statistical data. Consequently. the estimated susceptibilities and vulnerabilities
obtained by this procedure (such as those in Table 2-6) should be interpreted as conditionai on the hit

pro-lucing a battle casualty (i.e.. either a KIA or WIA).
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Table 2-3. Adjusted Data on Hits by Anatomical Region and Casualty Category

Line Anatomical Casualty category

no region? KIA WIA DOW NFw Total
1 Head 76255.5 46895.2  4012.4 J12876.8 123150.7
2 Face-Eye 7446.4 32863.2 656.3 32207.0 10309.6
3 Eye 692.8 11933.9 76.0 11857.8 12626.7
4 Neck 9943.4 9937 .1 469.5  9167.6 198%0.6
3 Thorax 44750.5 +44016.7 3695.1  40321.5 B’RT67.1
6 Abdomen 32190.3 41720.0 6094.7 35634.3 73919.4
7 Pelvis 304.0  3324.3 247.2 5077.2 3628.4
3 Spine  692.3 TR19.8 72701 7092.6  8512.6
9 UArm 6257.6 155092.6 1131.2 153961.5 161350.3
10 LArm -- -- -- -- --
11 Hand -- -- -- -- --
12 Hip&Buttock 2417.3 19751.6 401.1 19350.5 22168.9
13 ULeg-Hip 11269.2 224360.6  3396.4 22006-1.2 235629.2
14 LLeg -~ -- -- -- --
15 Foot -- - -- -- --
16 Multiple -~ . -~ -- -- --

T Other -- - - -- -- --
13 Total 192220 599724 20913 5TRR11 791944.0
19 Proportion 0.2427 0.7573 0.02641 G.7309 1.0000

Table Notes:

% See Table 2-4 for abbreviations used.

We also remark that, to the extent that wearing body armor prevents such casualties. hits on the
armored portions of the anatomy will not be recorded as either KIA or WIA. Accordingls. the effect of
wearing body armor would be noticeable in such e-timates as those of Table 2-6 by either (i) a relatively
lesser chance of being ~hit™ in the region covered by the body armor. or (ii) a relatively less severe
casualty state resulting from such a hit. or both. In case (i). it might appear at first sight that the use of
body armor merely had the effect of shifting the distribution of hits by anatomical region. even though
it is actually prevenring certain “hits™ from appearing in the casualty statistics and thus reducing the
total number of KIA plus WIA. In case (i1). the body armor has already failed to prevent a casualty. but

may have reduced its severity.
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Table 2-6. Estimated Susceptibility and Vulnerability Values

Line Anatomical Event?

no  region® P(Hit R) P(KIA|R) P(WIA|R) P(DOW|R) P(NFWI|R)

1 Head 0.1555 0.6192 0.3%0R8 0.0326 0.3482
2 Face-Eye 0.0509 0. 1847 0.8153 0.0163 0.7990
3 Eye 0.0159 0.0549 0.9451 0.0060 0.9391
E Neck 0.0251 0.5002 0.4998 0.0236 0.4762
5 Thorax 0.1121 0.5041 0.4959 0.0416 0.4542
6 Abdomen 0.0933 0.4355 0.5645 0.0825 0.4821
T Pelvis 0.0071 0.0540 0.9460 0.0-139 0.9021
8 Spine 0.0107 0.0814 0.9186 0.0854 0.8332
9 UArm 0.2037 0.C588 0.9612 0.0070 0.9542
10 LArm -- -- -- -- --
11 Hand -- -- -- -- --
12 Hip&Buttock 0.02R80 0.1090 0.232:0 G.01R1 0.8729
13 ULeg-Hip 0.2975 0.0478 0.9522 0.0144 0.9378
14 LLeg -- -- -- -- --
15 Foot -- - -- -- -
16 Multiple -- -- -- -- --
18 Total 1.0000 -- -- -- --
Table Notes;:

% See Table 2-4 for abbreviations used.
® R stands for “Anatomical Region.”™ i.e.. P(Hlit R) is the
estimated probability of a hit in anatomical region R.

2-9. OTHER CONSIDERATIONS. In view of the above. it would be of interest to determine the
anatomical distribution of hits under at least the following variations in basic conditions. in order to
determine how sensitive the recorded data are to such variations. However. a syvstematic analysis of such

factors is not attempted in this paper.
a.  Terrain.

b. Weather.

c.  Type of tactical operation (at least attack and defense. with pursuit and delay or withdrawal

operations if possible).
d. Mix of weapons used (or, as a surrogate. at least the epoch in which the data were gathered).

e. Conventions on defining anatomical regions and classifving hits as KIA. WIA, CRO. and

“not wounded.”
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CHAPTER 3

RESULTS AND DISCUSSION

3-1. INTRODUCTION. This chapter describes and discusses the results of applving the method
described in paragraph 2-8 to some of the published data on personnel attrition rates. All of the data
that lent itself to such an analysis are used, except that only data that are based on the number of
wounded are used. rather than data on the number of wounds. The published data used to estimate the
susceptibility and vulnerability of major anatomical regions are presented in Appendix B for ease of
reference. Since most of the important problems and considerations involved in using published data on

personne] attrition rates have already been mentioned in Chapter 2. they will not be repeated here.

3-2. SUSCEPTIBILITY. The principal results regarding susceptibility are displayed in Figure 3-1,
which shows the estimated probability of being hit in a given anatomical region (given a hit on the
whole body). The abbreviations for the basic data sources used in Figure 3-1 are as follows. The RVNAF
(Republic of Vietnam Armed Forces) values are for the Vietnam Army. Navy. Air Force. and Marines
during the year 1962, based on Tables 4 and & toget.l'ler with page 23 of Parker-1965. The RVN-CG
(Republic of Vietnam-CG) values are for the Vietnam paramilitary forces or Bao An. then krown as the
CG. during the vear 1962, based on Table B-1 and page 65 of Parker-1965. The Korea-All values are for
the US Army during the Korean War (1950-1953), based on Table 21 and 22 of Reister-1969. The
WWII-All values are for the US Army during World War Il (December 1911 through 1945). all theaters.
based on Tables 21 and 23 of Reister-1975. The New(-I: ir values are {or the operations of three infantry
battalions participating in the New Georgia and Burr..: campaigns (30 June 1943 to 22 September 1943
and February 1944 to May 1944, respectively), based on the casualty survey information contained in
Table 36 on page 258 of Beyer-1962. The Bougain values are for US Army ground forces during the
Bougainville campaign (15 February to 21 April 1944). based on the casualty survey information
contained in Table 57 on page 317 of Beyer-1962. The EighthAF values are for the heavy bombardment
groups of the US Eighth Air Force operating from the United Kingdom during parts of the European
campaign (June through August of 1944), based on the casualty survey information in Table 186 on

page 563 of Beyer-1962.
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Figure 3-1. Estimated Susceptibility of Major Anatomical Regions.
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Considerin, ae kinds of errors that affect the basic data and the varieties of tactical situations
represented, as well as the differences in sample sizes. in total number of cases. and in the number of
cases listed as “other/unknown™ or “multiple.” Figure 3-1 shows a remarkable consistency in estimated
susceptibility among the various data sources used. The body armor wbrn by Fighth Air Force personnel
covered the thorax and abdomen, and it presumably reduced the probability that a ~hit™ would be

recorded in those anatomical regions.

The consistency of these susceptibility values is further confirmed by Figures 3-2 and 3-3. which
show the variation in susceptibility for various years during WIVII and various tactical situations during
the Korean War. Suggested representative nominal values of the probability of being hit in a given
anatomical region (given a hit on the whole body) are provided in Table 3-1. They are corsistent with

the values in Figures 3-Z aad 3-3. but are otherwise more or less arbitrary.

Table 3-1. Suggested Nominal Values of Susceptibility

Anatomical Nominal

region P(Hit)
Head&Neck 0.23
Thorax 0.15
Abdomen 0.10
Arms 0.20
Total 1.00

3-3. VULNERABILITY. The first principal result regarding vulnerability is shown in Figure 3-4. which
gives the estimated conditional probability of being KIA given a hit on each of the major anaromical
regions. (The estimated conditional probability of being WIA given a hit on each of the major
anatomical regions is, of course. given by the complementary probability.) It is clear from this figure
that the bulk of the KIA are due to hits in the central regions (head. neck. thorax. and abdomen).

Personnel hit in the extremities (arms or legs) are seldom KIA.

The vulnerability estimates for the RVN-CG data are lower than for most of the other data sources
used. The published data on this paramilitary force indicate that it had a much lower fraction of KIA
cases (about 9 percent versus 20 to 25 percent) than did the other <ources. This suggests that all of its
P(I\'I;\l Hit) values are reduced or diluted by a relatively high number of only lightly wounded cases. If
its estimated vulnerability values are doubled to approximately correct for this dilution effect. they fall

pretty much in line with the other values.
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Figure 3-2. Estimated Susceptibility of Major Anatomical Regions During World War II.
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Figure 3-3. Estimated Susceptibility of Major Anatomical Regions During the Korean War.
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The published data on the Eighth Air Force also show a lower fraction of KIA cases (about 10
percent versus 20 to 25 percent) than do the other sources. Accordingly. its estimated vulnerability
values should be about doubled to approximately correct for this dilution effect. When this is done, its
estimated head-and-neck, arm, and leg vulnerability values fall pretty much in line with the other
estimates. However, its estimated thorax and abdomen vulnerabilities would then be much higher than
the other estimates. This can be understood when we consider that a =hit™ in the thorax or abdomen
region usually had to be powerful enough to overwhelm the protective armor worn by Eighth Air Force
crews—and that such a powerlul hit usually resulted in a KIA. Less powerful ~hits™ turned back by the

armor would not even be recorded in published data on personnel attrition in the Eighth Air Force.

The published data on the New Georgia-Burma campaign indicate no personnel KIA due to a hit
in the abdomen. arms, or legs. This may be due. in part. to the relatively small sample size for this
campaign (about 333 casualties in all, of which only 14 were recorded as hit in the abdomen). In
addition. some of its KIA may have been misclassified as DOW. The estimated probability of+14XKIA or
DOW given a hit on each of the major anatomical regions is shown in Figure 3-5. Here the New
Georgia-Burma values for the aBdomen. arms. and legs fall pretty much in line with the other values.

considering their greater uncertainty due to their relatively smaller sample size.

As World War II progressed. the vulnerability of US personnel decreased. as shown in Figure 3-6.
The reasons for this fact are not clear. Presumably. it is due in part to speedier and more effective
medical care of the wounded (faster recovery of wounded from the battiefield. wider nse of blood plasma
and antibiotic medicines such as sulfa and penicillin. increased surgical skill. and more fully equipped
medical facilities). The change from being on the losing defensive earlier in the war to being on the
winning offensive may also have affected these values. Perhaps changes in the size and composition of
friendly forces relative to enemy forces also influenced these values (specifically. the increased Air Force

component. which has a lower proportion of KIA). But what factors are operating here is not certain.

The hypothesis that the decline in World War IT vulnerability values may be related to the
differerice between defensive and offensive operations is somewhat supported by the Korean War data
shown in Figure 3-7. In this figure. the types of tactical operations identificd in the source are
abbreviated as follows. Off stands for “offensive operations.” Pursuit for “pursuit operations.” MntnDef
for *maintain defensive lines.” LimOpns for “limited operations from the M[BP (main battle position),”
Def for “defensive operations.” and Withdrw for “withdrawal operations.”™ The highest values of
vulnerability are those for Def and Withdrw. which tends to support the hypothesis that personnel
vulnerability values are higher for defensive and/or losing operations than for offensive and/or winning

ones.
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Figure 3-6. Estimated Vulnerability of Major Anatomical Regions During World War II.
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Considering the quality of the data and rhe values obtained from it. and the estimates given in

Appendix B, the nominal values of personnel vulnerability for contemporary conditions given in Table

. 3-2 are suggested. The vulnerabilities for KIA and WIA must sum ro unity. and the vulnerabilities for
DOW and NFW (nonfatal wounds) must sum to the vulnerability for WIA. The values proposed are

consistent with those found in Appendix B, but are otherwise more or less arbitrary.

Table 3-2. Suggested Nominal Values of Vulncrability

Anatomical Nominal Nominal Nominal Nominal
region P(KIA|Hit) P(WIA|Hit) P(DOW|[Hit) P(NFW|Hit)
Head&Neck 0.45 0.55 0.03 0.52
Thorax 0.45 0.55 0.04 0.51
Abdomen 0.35 0.65 0.10 0.55
Arms 0.03 0.97 0.01 0.96
Legs 0.05 0.95 0.02 0.93
) 3-4. OTHER REMARKS AND OBSERVATIONS

a.  Using the suggested nominal susceptibility and vulnerability values given in Tables 3-1 and
3-2. the implied unconditicnal probability of a KIA (given a hit on the whole body) is 0.228. computed

from the formula
P(KIA) = Y P(KIA[Hit) x P(Hit).

where the sum is taken over all of the major anatomical regions. This value is close to the traditional

rule of thumb that about 1/4 to 1/5 of those hit are KIA.

b.  Note that the nominal hit probabilities suggested in Table 3-1 are not what would be
expected from the relative areas of the major anatomical regions given in Table 2-1 and the hypothesis
that hits are uniformly distributed over the body. This is shown in Figure 3-8. where the nominal values
are from Table 3-1 and the JMEM* values are obtained from the JNEM values given in Table 2-1 by
lumping the pelvic region in with the abdominal region and assuming that the susceptibility of major
anatomical regions is proportional to their areas. As can be seen. the JNEM?* values tend to under-
represent the susceptibility of the head and neck region. and to overrepresent the susceptibility of the
abdominal region. The JMEM™ representation of the other major anatomical regions is reasonably

consistent with those in Table 3-1.

c. It is not meaningful to compare the JMEM vulnerabilities with those estimated from the
published data on personnel attrition because their definitions are not comparable. The casualty criteria
in JMEM-1991 refer to the probability of being able to complete various infantry tasks (such as being
able to conduct a defense for a specified minimum period of time. efc.). and have no known relation to

those used in the published attrition data (i.e.. KIA, WIA, efc.).
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Figure 3-8. Estimated Susceptibilities of Major Anatomical Regions Versus Their Presented Areas.

3-12




CAA-RP-93-3

CHAPTER 4

CONCLUSIONS AND OBSERVATIONS

4-1. INTRODUCTION. This chapter presents our principal conclusions and observations,
4-2. CONCLUSIONS

a.  The principal findings of this work are that published personnel attrition data can be used to
estimate the susceptibility and vulnerability of major anatomical regions. The susceptibility estimares
based on various sources are generally similar. which suggests that they are influenced only slightly by
variations in the tactical situation. The vulnerability estimates appear to be somewhat more sensitive to
the tactical situation, but clearly indicate that a hit in one of the central regions (head. thorax. and

abdomen) is far more likely to result in a killed in action than a lut on the extremities (arms and legs).

b.  Based on our results, we suggest the nominal values in Table 1-1 as applicable to US Army
combat operations under contemporary conditions {see the Glossary for the abbreviations KIA. WIA.
etc.). All values in this table presume a hit on some anatomical region. They are consistent with the

results obtained in Appendix B. but are otherwise more or less arbitrary. -

Table 4-1. Suggested Nominal Values of Personnel Suscertibility and Vulnerability

Anatomical Nominal Nominal Nominal Nominal Nominal

Region P(Hit) P(KIA|Hit) P(WIA|Hit) P(DOW[Hit) P(NFW|Hit)
Head&Neck 0.23 0.45 0.55 0.03 0.32
Thorax 0.15 0.45 0.55 0.0 0.51
Abdomen 0.10 0.35 0.65 0.10 0.33
Arms 0.20 0.03 0.97 0.01 0.96
Legs 0.32 0.05 0,95 0,02 0.93
Total 1.00 - -———— -—— ———

The implied probability of KIA given a hit on some anatomical region is P(KIA) = 0.228_ obtained from

the formula.
P(KIA) = ) P(KIA[Hit) x P(HHit).

where the sum is taken over all of the major anatomical regions. This value is close to the traditional

rule of thumb that about 1/4 to 1/5 of those hit are KIA.

41




CAA-RP-93-3

c.  These nominal hit probabilities are not the same as those implied by the hypothesis that hits
are uniformly distributed over the body when the relative areas of the major anatomical regions are
taken to be those given in the JMEM (see JMEM-1991). In addition. the JMEM casualty criteria (such
as being able to conduct a defense for some specified minimum period of time) have no known relation
to the conventional casualty categories used in the published data on personnel attrition (such as KIA.

WIA. and so forth).
4-3. ORSERVATIONS

a.  The lack of standardization in the definition of anatomical regions. the differences among
sources regarding their presented areas, the varying definitions of casualty. the relatively poor quality of
the basic data, the issue of whether to count wounds or wounded. and the question of whether—and if
so. how—to allocate values recorded as “other™ or “multiple™ make the data (in my view) unsuited to

highly refined statistical analysis or to overly-precise conclusions.
b.  Only a few sources report data in a form that supports application of the method used here.

c. It would be of interest to determine the anatomical distribution of hits under at least the
following variations in basic conditions. in order to determine how sensitive the recorded data are to

such variations:
(1) Terrain.
(2) Weather.

(3) Type of tactical operation (at least attack and defense. with pursuit and delay or

withdrawal operations if possible).

(4) Mix of weapons used (or. as a surrogate. at least the epoch in which the data were

gathered).

(5) Conventions on defining anatomical regions and classifving hits as KIA. WIA. CRO.

and “not wounded.”
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APPENDIX B
REFERENCE TABLES

B-1. INTRODUCTION. This appendix contains several tables referred to in the main body, grouped
together for ease of reference and to avoid unnecessarily interrupting the presentation in the main body.

The nature of the information they contain and the abbreviations used are presented bhelow.

B-2. TABLES B-1 AND B-2. These tables give the distribution of hits in major anatomical regions given
that the data are for WIA or KIA (respectively). The column for source identifies the reference from
which the data were taken (see Appendix A for a list of sources). The column for date of the data is a
nominal date giving the year applicable to most of the data. The column for page gives the page of the
source from which the data were taken. The column headed =Note™ refers to the table notes given in the
continuations of these tables. The next eight columns refer to major anatomical regions (or to the
other/unknown and whole body “regions”). The columns for the number of casualties and number of
wounds indicate the number of casualties or number of wounds for this group of data. The column

" headed “Based On%Of” indicates whether the listed percentages are hbased on the number of wounds
(#Wnds) or on the number of wounded {#Cas). Entries of =?7" indicate that the item in question is not
given in the source consulted. Entries of the form *w/Xxxx" indicate that the source combined the

corresponding anatomical region with anatomical region Xxxx.

B-3. TABLES B-3 THROUGH B-19. These tables contain the initial and adjusted data on hits by
anatomical region and casualty category (as described in connection with Tables 2-4 and 2-5 of the main
body), together with the resultant estimated susceptibility and vulnerability values derived therefrom (as
described in connection with Table 2-6 of the main body). The analog of these three tables is combined
into a single combined table. enclosed in a single-line border. Dashes (--) indicate that the source does
not provide the corresponding value, or that the item is meaningless (as is the case for the total of the
estimated vulnerability probabilities). The source of the data. the force to which it applies. and the

specific location in the source from which the data were taken are also indicated.
In the combined table. the abbreviations in column for “Region™ are as follows.

e U stands for “upper,” and L for “lower.”
e  Multi means that multiple regions (not further specified) were wounded.

e  Other means that the source gives no data on the anatomical location of wounds.

The combined table gives the estimated susceptibility and vulnerability values after adjustment for
the other/unknown entries. However, for most of the work presented in the main body. it was felt

desirable to use susceptibility and vulnerability estimates after adjustment for both the “multi™ and the
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“other/unknown” entries. One of the reasons for this is that some of the sources used only the “muiti”
entry and gave no values in the “other/unknown™ entry. The susceptibility and vulnerability estimates
obtained after adjusting the initial values for both the multi™ and the “other/unknown™ entries are

referred to as “fully adjusted.” and are given in the smaller table enclosed in a double-line horder.
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Table B-1. Distribution of Hits in Major Anatomical Regions. Given WIA
(page 1 of 2 pages)
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B-4

Table B-1 (Contd). Notes on the Distribution of Hits in Major Anatomical Regions. Given WIA
(page 2 of 2 pages)
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Wertd Wer 8, USSR

Keroan Wez, of eperuiorn. Exstudes dopioy and ressrve.

Keroan Way, ofienshve eperiiera.

Korean Wiy, purnit opesations.

Kesnan Way, mainiainy defersive noe.

Koroan Way, imited aperations e main batiie povilien,

Kasean Waz, dafernsive operations.

Kevean Way, withdruwl eparetione.

Karoan Way, ol eperatiora. Bhuive depioy and sy
Korean Way, ofisnsive eperationa. Nerdatlly inhry adwissiors.
Kevoan Wy, purel operations. Nenkaille inkary sdvigsiene.

Kovean W= maiain defenaivs ines. Nenbaills injry adnisslena.
Keremn Way, Soiied aperations S mebs batlls posilian. Menbatll STy aduissions.
Nerean War, defaraivs epermperm. Nerbalile Ny Sunwsiann.
Havetn Wer, i rhay

US O War, US Trocpa, Balf'e AL

US Cv War, US Trsepa, Stene's fver.

US Peress, Operation Ossent Sammn.

Republe of Vietwm, 1908, misde woursis only.

Meo Engs alan arvl alise, engI@ed iy JUiTilve wardrg, ANOW SeUnds.
Shet weunds 1 Urien eeps Asing The War of 1o Rebslion.
Rovohstion in Past, 1800

Rovehstion v Pasin, 1008

Sehisowigialotein Wer. 10001001,

Crimenn W, 18564887, Englth.

Criwean Wi, 18564007, frerei

Campaign in Kabylia, 10851087,

Mutiny in india, 10001088

Campaign in ajy, 1080, Aunsien

Carmpsign in Raly, 1088, Fremeh.

Campeign in New Teckurd, 18631008

Fronsh in Meise, 1084

Sanlsowig-Holstein War, 1004
Auswro-Prussian Was. 1888 Germane.

Aswe-Prasian Wer, 1808 Nefare.

Rovelt it Morderegre, 1000

US Ay, 10851670

Praneo-Genman War, 18701871, Prussiers,
Prenso-Gernan War, 1670187Y, Severiane,

Prarve-Quwen Wer, 16701871, Frerah.

Ruses-Tusidah Wer, 15791877,

Viewnarm War, US Arvviy hospitaissd weunded

Wortd War 1, British feress, “severe” cases admitied 1o casuslly clearing stations.
‘Workd War |, Sritol foress, “sight” cases admilied 19 camually clsaring etstions.
US Army feress, Operation Just Causa. iNehsdes iNjuries 50 wel o8 bafle sasuaities.
Wertd Wer |, US foress, adwmissiens.

Workd Way B, US Fret Army, Exrope, 18441000

Wertd War i1, US Third Ay, Europe, 18461848

Warts Wer #, US Fil: Arsiny, Modiiomrencan, 1940= 1044,

Westd War i, US Soverth Asmy, MTO & ETO, 19441968

World War i, US 100V Corps, Olnmwa, Aprur 1905

Spariaiy Wer arvd Philppin oion, 19004908, US forosa.
US Civil War, Satie of Prederickaingg, Unien Faress,

Table 24, pp 300387, “Batile inhssy and wound sdwissiers,

Sod of weunals, s sash iatelly ratee. by anetormissl

Ioeation of wound sng netre of teumetiam, U8, Army,

19401948 gehuces Des 1941).

RVNAF for $'e year 1900

FVN-CG for e year 1008
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Table B-2. Distribution of Hits in Major Anatomical Regions. Given KIA
(page 1 of 2 pages)

KiASouos/ Damol XIA KA Head
Relerence the Data

Beyer-1962
Beyer-1962
Beyer-1962
Beyer-1962
Beyer-1962
Beyer-1962
Beyer-1962
Beyer-1982
Beyer-1962
Beyer-1962
Beyer-1902
Beyer-1962
Beyer-1962
Beyer-1962
Beyer-1962
Beyer-1062
Beyer-1962
Beyer-1962
Beyer-1982
Beyer-1962
Beyer-1962
Beyer-1962
Beyer-1962
Beyer-1962
Beyer-1962
Beyer-1962
Reister-1909
Reister- 1960
Releter-1960
Releter-1960
Relster-1060
Releter-1900
Reister-1980
Otis-1883
Maughan-1970
Besbe-1952
Beebe-1952
Sesbe-1952

-+ JTCG-1970

Relster-1975
Parier-1965
Parker-1985

1944
1944
1961
1981
1981
1961
1981

07

424

E P ECEPEET LD

oRzasannalEREEREEREEES

3L EEE
YLBLBRLSBRNRREY

Oher/ Whole No. No. Based
Page Note Neck Thorax Abdomen Pelvis Arms Legs Unknown Body Cas. Wnds. On%Of
2%  41% 00% 1.0% 92% 37.6% 1000% 98 77 #Css
140%  30% 00% 20.3% 202% 00% 1000% 77 178 #Wnds
141%  224% 00% 21.2%wAm  00% 100.0% 125 77 #Ces
245% 95% 00% 41% 30% 254% 1000% 1300 77 #Cas
202%  52% 00% 15.4% 261%  00% 1000% 346 1348 SWnds
002% 172% 00% 31% 7.0% 0O0% 1000% 103 128 #Wnds
49% 95% O0O% 10% 69% 24% 1000% 547 1047 #Cas
267%  62% O0% 188% 20.7% Q0% 1000% 354 3528 #Wnds
M1%  94% 00% 20% 1% 00% 1000% 354 490 #Wnds
169%  S1%  04% 222% 382%  00% 1000% 355 2308 #Wnds
240% 78% 00% 47% 135% 00% 1000% 365 554 #Wnde
57.8% 136% 00% 24% 87% 00% 100.0% 15¢ 206 #Wnde
20%  82% 00% 26% 11.4% 00% 1000% 500 77 #Cas
I57%  T.4% 00% 20.0% 389%  00% 100.0% 500 3510 #Wnds
29%  65% 0.0% 237% 384%  00% 100.0% 1000 6487 #Wnds
129%  T1% 00% 321% 24.0%  0.0% 100.0% 184 451 #Wnde
7% 109% 00% 10% 20% 237% 101.0% 101 77 #Cas
20% 122% 00% 03% 35% 250% 1000% 35 77 #Cas
140% 30% 00% 25% 6% 588% 1000% 985 77 #Cas
98% 18% 00% 7 67% 512% 1000% 184 77 #Cas
51.4% wihox 00% 26% 45% 00% 1000% 1173 77 #Cas
200% 330% 00% 40% 60% Q0% 1000% 77 77 #Cas
41.0% 140% 00% 20% 20% 00% 1000% 78 77 #Cas
20% 163% 00% 03% 48% O00% 1000% 204 77 #Ces
7% 83% 00% 23% 90% 00% 1000% 981 77 #Cas
384%  74% Q0% 77 21% 00% 1000% 184 77 #Cas
98% 62% O1% 1.3% 37% S57.5% 1000% 18458 77 #Cas
143%  63% 01% 16% 46% 437% 1000% 343 77 #Ces
50% 36% 01% 0.1% 19% 756% 1000% 702 77 #Cas
171%  104% O.1% 21% 62% 29.0% 100.0% 3628 77 #Cas
120% 82% 03% 27% 7.0% 355% 1000% 3033 77 #Css
32%  24% 00% 03% 07% 86.5% 100.0% 6881 77 #Cas
29%  19% 00% 00% 06% 003% 1000% 310 77 #Cas
514% w/Thorx wiThorx 26% 45%  00% 1000% 1173 77 #Cas
373% 92% 00% 17% 57% 00% 1000% 2600 77 #Cas
31.0% 120% 00% 00% 40% 00% 1000% 387 77 #Cas
500% 100% O00% 00% 30% 00% 1000% 118 77 #Cas
140% 240% 00% 40% 17.0% 00% 1000% 97 7 #Cas
384%  92% 00% 12% 54% 106% 1000% S00 77 #Cas
94%  68% O01% 1.3% 28% 50.9% 100.0% 192220 77 #Cams
186% 11.8% 00% 25% 25% 37.0% 1000% 559 77 #Cas
134%  165% 00% 0.0% 157% 30.7% 100.0% 127 77 #Cas
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Table B-2 (Contd). Notes on the Distribution of Hits in Major Anatomical Regions. Given KIA
{page 2 of 2 pages)

Alrcrew casuaities.

OOW casualtirs, Korea

Korea.

Lathal wounds.

US Army in Kosrea. Pg 758 is for lethal wounds only. (w/o body armon)
US Marine Corps in Korea. Pg 758 is for lethal wounds only. (wbody armor)
Not wearing body armor.

Wearing body armor (only lethal wounds counted).

Weayring body armor.

10 World War §, US Fith Army.

" Worid War I, US Eighth Al Force. \
12 Worid War il, New Georgia-Burma. includes DOW as well as KIA.

13 World War I, Bougainville.

14 World War it, US Filth Ay, Raly.

13 World War i, US Eighth Air Forcs, Europe.

16 US Clvil War, by cause of death.

17 World War i, British civillans in London killed by bomb splinters during the 1941 Biltz.
18 World War 1l, New Georga-Burma.

19 Worid War I, Bougainville.

Worid War Ii, US Fith Amy, Raly.

Worid War i, US Eighth Alr Force, Raly.

Korean War, all operstions. Exciudes deploy and reserve. By fatal wounds.
Korean Was, offensive operations. By fatal wounds.

Korean War, pursuit operations. By fatal wounds.

Korean War, maintsin delensive lines. Dy fatal wounds.

Korean Way, limited operations from main battie position. By fatal wounds.
Korean War, defensive operalions. By fatal wounds.

Korean War, withdrawal operations. By fatal wounds.

US Civil War, Union troops.

Alled forces, Vietnam, 1968. Using single and muitiple wounds.
Schisswig-Holstein War, 1884,

New Zealand War, 1883-1885.

World War If. Civilans killed during the London Btz

Vietnam, based on 500 US fatalities.

Table 22, pp 350-351, Number killed in action, by

causative agent and anstomical location of wound, U.S.

Army, 1942-1945 (includes Dec 1941).

AVNAF for the year 1962.

RVN-CG for the year 1962
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GLOSSARY

GLOSSARY-1. Some of the abbreviations and special terms used in this document are listed below. If
the definition given is an official one, the organizations that have adopted it are given in parentheses:
otherwise. no indication of its adoption are given. Note that the definitions used by other countries or by
the US in earlier times may differ more or less from those given below. and may be interpreted in

various ways even within the US Department of Defense.
GLOSSARY-2. Definitions of terms and abbreviations.

Battle casualty.- (DOD) Any casualty incurred in action. *In action™ characterizes the casualty
status as having been the direct result of hostile action. sustained in combat or relating thereto. or
sustained going to or returning from a combat mission provided that the occurrence was directly related
to hostile action. Included are persons killed or wounded mistakenly or accidentally by friendly fire
directed at a hostile force or what is thought to be a hostile force. However. not to be considered as
sustained in action and thereby not to be interpreted as hattle casualties are injuries due to the elements.
self-inflicted wounds, and. except in unusual cases. wounds or death inflicted by friendly forces while the
individual is in absent-without-leave or dropped-from-rolis status or is voluntarily absent from a place of
duty. See also died of wounds received in action: nonbattle casualty: wounded.

Bloody losses.- The sum of the KIA and WIA.

Casualty.- (DOD, IADB) Any person who is lost to the organization by reason of having been
declared dead, wounded, injured. diseased. interned. captured, retained. missing. missing in action.
beleaguered, besieged or detained: see also battle casualty: nonbattle casuaity: wounded.

CI\.HA.- Captured or missing in action. See POW and MIA.

CRO.- Carded for record only. (Adapted from Beebe, Gilbert W.: and De Bakey. Michael E..
Battle Casualties: Incidence, Mortality, and Logistic Considerations. Charles C. Thomas (publisher),
1952.) Basically, admissions to a medical treatment facility include all cases admitted for medical care
and not returned to duty on the same calendar day as that on which first seen. Cases which are treated
on an outpatient (duty) status, are designated as carded for record only (CRO).

DNBI.- Disease and nonbattle injury. Personnel treated for diseases and for injuries not received in
action. See Nonbattle casualty.

DOW .- Died of wounds received in action (DOD. NATO). A battle casualty who dies of wounds or
other injuries received in action. after having reached a medical treatiment facility. See also killed in
action.

DTIC.- Defense Technical Information Center.

KIA.- Killed in action (DOD, NATO. IADB). A battle casualty who is killed outright or who dies
as a result of wounds or other injuries before reaching a medical treatment facility. See also died of
wounds received in action.

Losses.- (Adapted from FM 101-10-1/2, Staff Officers” Field Manual Organizational. Technical. and
Logistical Data Planning Factors. October 1987). A personnel loss is any reduction in the assigned
strength of a unit. Personnel losses are recorded in three general categories: battle. nonbattle. and
administrative.
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e  Battle losses are those incurred in action. They include wounded or injured in action
(including those who died of wounds and died of injuries received in action). killed in action. and missing
in action or captured by the enemy.

e Nonbattle losses are those not directly attributable to action regardless of when sustained.
They include nonbattle dead. nonbattle accident/injury. nonbattle missing. and illness/disease.

e  Administrative losses are those resulting from transfer from the unic. absence without leave,
desertion, personnel rotation, and discharges.

LWIA.- Lightly wounded in action (cf. Slightly Wounded).

MIA.- (adapted from FM 101-10-1/2. Staff Officers’ Field Manual Organizational. Technical. and
Logistical Data Planning Factors. October 1987). Missing in action describes battle casualties whose
whereabouts or fate cannot be determined and who are not known to be in an unaurhorized ahsence
status (desertion or absence without leave). Missing in action (MIA) casualties are not usually included
in medical statistical records or reports received by The Surgeon General. but are reportable to The
Adjutant General.

NFW.- Nonfatal wound. A person who is wounded in action (WIA). but who does not die of
wounds (DOW).

Nonbattle casualty.- (DOD, NATO. IADB) A person who is not a battle casualty. but who is lost
to his organization by reason of disease or injury, including persons dying from disease or injury, or by
reason of being missing where the absence does not appear to be voluntary or due to enemy action. See
also battle casualty; wounded.

Nonbloody loss.- Battle casualties other than KIA and WIA: includes (for example) MIA. PO,
absent without leave, stragglers. and deserters.

NP.- Neuropsychiatric.

POW.- Prisoner of war. Detainee {DOD). A term used to refer to any person captured or otherwise
detained by an armed force. (According to FM 101-10-1/2. Staff Officers” Field Manual Organizational.
Technical, and Logistical Data Planning Factors. October 1987, captured describes all battle casualties
known to have been taken into custody by a hostile force as a result of and for reasons arising out of any
armed conflict in which US armed forces are engaged. Captured casunalties are not usually included in
medical statistical records or reports received by The Surgeon General but are reported to The Adjutant
General.)

Seriously wounded.- (DOD. [ADB) A stretcher case. See also WIA.
Shightly wounded.- (DOD, [ADB) A casualty that is a sitting or walking case. See also WIA.
SWIA.- Seriously wounded in action (cf. Seriously Wounded).

WIA.- Wounded in action (DOD. NATO. IADB). A battle casnalty other than “killed in action™
who has incurred an injury due to an external agent or cause. The term encompasses all kinds of wounds
and other injuries incurred in action. whether there is a piercing of the hody. as in a penetrating or
perforated wound. or none, as in the contused wounnd: all fractures. burns. blast concussions. all effects of
biological and chemical warfare agents, the effects of exposure to ionizing radiation. or any other
destructive weapon or agent.
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