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Figure 17. Measured free-in-air-equivalent values compared to calculated
free-in-air values: Hiroshima.

Figure 18. Measured free-in-air-equivalent values compared to calculated
free-in-air values: Nagasaki. 
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In Hiroshima, agreement near the hypocenter is quite good by the methods used here to
calculate the in situ dose to quartz in the samples. In this regard, an important qualification
regarding the 1966 and 1967 measurements is that certain adjustments to the measured values
that were made by the authors of those papers have been removed and replaced by the
calculations of this work as described above. 

Measurements remain somewhat above calculated values at the Hiroshima University campus
buildings, and more so at some of the more distant locations, particularly at the Myosenji temple
and the Hiramoto residence sites, but the situation is improved by DS02. As discussed above, a
consideration in regard to this difference is whether there is any kind of a distance-related bias in
background measurements. The possible inaccuracy of the TF due to the quality of the angle of
incidence information at the Myosenji temple and the Hiramoto residence sites, as discussed
above, is only a small potential contributor to this situation, because the TFs estimated for this
work are not low enough that they could possibly account for more than about a 20%
overestimate of the free-in-air-equivalent measured value at those sites if they are incorrect.

In Nagasaki, measured values are somewhat below both DS86 and DS02 values, at least at
distances less than about 800 m. The situation is slightly worse for DS02 than for DS86, because
DS02 calculated doses are slightly larger overall, as shown in Figure 18. The comparison in
Nagasaki is subject to several concerns:
• Concerns about saturation or partial annealing of samples at close distances by the heat from

the fireball are discussed in the first part of this chapter.
• For two of the important sites where new measurements have been made, the tower at

Nagasaki University Hospital and the Yamada-Furukawa family graveyard gatepost in
Sakamoto-cho, it was not possible to make a reliable estimate of TF using the methods of this
work, due to partial shielding by the structure in the first case, and lack of detailed, certain
information about azimuthal orientation of the side of the pillar measured for each reported
measurement in the second case. 

• For the Urakami church at 517 m, where a very important series of measurements was made,
measured values reported in the DS86 Final Report and by Maruyama et al. (1988) are
substantially less than the 1967 value, even though the 1967 sample was deeper and therefore
has a considerably lower calculated TF (0.68 vs. 0.86) if the calculated dose to quartz in situ
in Appendix 11 to Chapter 4 of DS86 is adjusted for angle of incidence. Therefore, applying
the TFs as such gives free-in-air equivalent values for the DS86 and 1988 measurements that
are only 61% of those for the 1967 measurement: 46.2 Gy vs. 76.0 Gy. The disparity in these
measurements should be a particular concern in light of the possibility of self-shielding of
some portions of the samples, as discussed above, due to the complicated geometry of the
ornate façade from which the sample was taken.

• The Urakami church, the tower window tiles at Nagasaki University Hospital, and the bricks
of the Yamada-Furukawa family graveyard gatepost in Sakamoto cho represent all of the sites
except one where post-1960s measurements were made at distances less than 1,400 m in
Nagasaki. All three have reported measurements spanning a wide range of values on the same
type of sample material from the same location, and all three have specific issues regarding
possible partial shielding of some samples by the structure in which they resided in situ, as
discussed above. It is not clear that we can calculate accurate TFs for any of these sites that
we can be certain are applicable to all of the measurements at that site.
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• As discussed above, a consideration in regard to the apparent trend in measured values is
whether there is any need to further adjust the effective transmission factors to reflect the
presence of partial frontal shielding at some of the measurement sites by adjacent terrain,
buildings, and groves of trees. 

• The Joint Working Group has also extensively discussed the question of whether the current
calculation of the delayed source term adequately approximates the dynamic distribution of
fission debris in the fireball. 

The Joint Working Group had many discussions of the issues involved in making quantitative
assessments of the agreement between measured and calculated values in a larger context as part
of the process of developing DS02, and those considerations are applicable here. Two types of
figure of merit statistics were considered extensively. One is based on the average ratio of 

measured-to-calculated values, the so-called M/C ratio, based on some form of for n 

measurements. It has the advantage of summarizing in a clear and easily understood  way the
overall size of measured vs. calculated values, and the disadvantage that it is not inherently
sensitive, at least in its simplest formulation, to offsetting positive and negative discrepancies
between M and C. Another is based on sums of squared differences between M and C, i.e., some 

form based on . It has the opposite major advantage and disadvantage: it accounts 

for offsetting positive and negative discrepancies, but it does not summarize in a clear and easily
understood way the overall size of measured vs. calculated values. More difficult issues revolve
around the question of how to weight the individual terms corresponding to each measurement,
given that different measurements have different estimated uncertainty, i.e., using a form of  

or . Here, wi would be a weight that is inversely proportional to some 

appropriate estimate of the variance of measurement error for the ith measurement. This is a
complicated issue, because the measured values span a very wide dynamic range from over 100
Gy to well under 1 Gy, techniques have been repeatedly improved over the years to reduce
measurement errors so that smaller values can be measured at longer distances, and samples vary
considerably from one location to the next in properties that affect the size of measurement
uncertainty. In addition, there are unavoidable errors in the calculation of transmission factors,
particularly for samples not calculated with full and accurate geometrical models of the structures
containing the samples in Appendix 11 of Chapter 4 of the DS86 Report. These errors, even if
they are only on the order of having a standard deviation that is 8% to 10% of the calculated
value, are comparable or larger in size than the estimated measurement error for the more precise
measurements. Furthermore, as noted above, there are substantial errors in the independent
variable of distance, especially for the older measurements made in the 1960s. At the time of this
writing there does not appear to be a clear consensus on a single “figure of merit” that distills the
agreement in each city into a single number for each city, or even each subset of measurements
for each city, that is appropriate for citing in a summary of this chapter, and such values are not
critical to the conclusions of this chapter. The reader can form a clear impression of the level of
agreement from the plots in Figures 17 and 18, and if interested can refer to the tabulated values,
which include measurers’ estimates of standard deviations (“±” values) or measurement error (as
opposed to, say, error in the transmission factor or the distance).

n
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Conclusions

The overall agreement between measurement and calculation continues to be good for DS02,
as it was for DS86. 

In Hiroshima, the overall agreement is somewhat better for DS02 than for DS86. Agreement
near the hypocenter in Hiroshima is excellent with DS02 based on the methods described in this
work. Agreement at middle and longer distances in Hiroshima is better for DS02 than for DS86,
although there remain some indications of measured values exceeding calculated values at longer
distances. These indications must be qualified by a careful consideration of issues related to
background as described in this chapter.

In Nagasaki, measured values tend to be somewhat less than calculated values, at least out to
about 800 m from the hypocenter, slightly more so for DS02 than for DS86, although the overall
agreement is good. The comparison of measured and calculated values in Nagasaki is
considerably more difficult than in Hiroshima due to the limited number of measured sites and
questions about the applicable transmission factor for most of the sites where DS86 and post-
DS86 measurements were made. 

Of the four sites in Nagasaki at which DS86 or post-DS86 measurements were made at
distances less than 1,400 m, three have unresolved questions about (a) the wide range of the
measured values on the same type of sample at the same location, and (b) our ability to calculate
an accurate estimate of a TF that applies to all of the measurements at a given site.

There may be some possibility of partial frontal shielding at some measurement sites in
Nagasaki.

There may be a need to reconsider the adequacy of the current delayed source term
calculation.

As DS02 calculated gamma doses are in good agreement with measured values overall, the
gamma-ray doses used in RERF epidemiological studies should be based on DS02.
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Appendix A

Examples of Detailed Sample Calculations
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