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a b s t r a c t

Safecast is a volunteered geographic information (VGI) project where the lay public uses hand-held
sensors to collect radiation measurements that are then made freely available under the Creative
Commons CC0 license. However, Safecast data fidelity is uncertain given the sensor kits are hand
assembled with various levels of technical proficiency, and the sensors may not be properly deployed.
Our objective was to validate Safecast data by comparing Safecast data with authoritative data collected
by the U. S. Department of Energy (DOE) and the U. S. National Nuclear Security Administration (NNSA)
gathered in the Fukushima Prefecture shortly after the Daiichi nuclear power plant catastrophe. We
found that the two data sets were highly correlated, though the DOE/NNSA observations were generally
higher than the Safecast measurements. We concluded that this high correlation alone makes Safecast a
viable data source for detecting and monitoring radiation.

© 2017 Elsevier Ltd. All rights reserved.
1. Introduction

Volunteered Geographic Information (VGI) provides alterna-
tives to government and corporate sponsored sources for deter-
mining the impact of natural or man-made disasters via crowd-
sourced measurements (Goodchild, 2007). Ordinary citizens per-
sons with smartphones or handheld sensors canmake observations
of disaster related phenomena that can supplement data gathered
from traditional remotely sensed sources and ground-based
equipment. However, sensing platforms are expensive to deploy,
operate, and maintain, whereas VGI equipment is typically owned
and operated by volunteers for comparatively little cost. Also, these
citizen-based observations can cover areas from perspectives
difficult to achievewith official sources, andwith a very high spatial
and temporal resolutions, especially in urban areas.
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In fact, while space- and air-borne remote sensing can achieve a
very high spatial resolution, in the order of a few centimeters in
different parts of the electromagnetic spectrum, and vehicles can
be deployed to capture data from the ground, satellites are not al-
ways overhead and are limited by atmospheric opacity (clouds and
pollution), planes cannot remain airborne indefinitely, and ground
vehicles have limited operating ranges and times.

Moreover, individuals intelligently evaluate their surroundings
to focus their equipment on interesting scenes, whereas govern-
ment or corporate managed sensors mechanically scan the envi-
ronment without consideration to what is being observed, which
means that these government and corporate sources may require
more post-processing and analysis to mine useful information.

The Safecast VGI project uses “citizens as sensors” (Goodchild,
2007) to produce publicly available collection of radiation levels
by time and location. Safecast participants collect these radiation
measurements as a public service as well as for awareness of their
own radiation exposure, and can be used as a citizen-led early
warning system to detect radioactive leaks and hot spots. OnMarch
of 2015 there were over 27 million logged observations from
around the globe. About 75% of the observations originated in
Japan, primarily in Fukushima, surrounding prefectures, and in
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major Japanese cities. Up until 2013, virtually all measurements
were confined to Japan (Bonner and Brown, 2015).

Unfortunately VGI fidelity can be questionable because of
possible operator reporting bias, poor data quality (such as the
inclusion of generated test data), and equipment reliability and
accuracy (Flanagin and Metzger, 2008). Though the Safecast orga-
nization has taken steps to ensure that the hardware is properly
tested and calibrated before shipping (Safecast, 2015a), it is possible
for the volunteer to make mistakes in assembling the sensor,
particularly if they are inexperienced with putting together
complicated electronic equipment. Moreover, the user may ignore
equipment operating instructions (Safecast, 2015c), which may
reduce observation quality. Though Safecast employsmoderators to
vet newly uploaded data (Brown et al., 2016), it is still theoretically
possible for low quality data to be added to the publicly available
database.

To address this open issue, we compared Safecast radiation
observations with a similar set of observations made by the U. S.
Department of Energy jointly with the U. S. National Nuclear Se-
curity Administration (DOE/NNSA) (Lyons and Colton, 2012). We
found that the two datasets were strongly correlated, but that the
DOE/NNSA observations were generally higher than the corre-
sponding Safecast values. Later, we explore possible explanations
for these differences. However, given the high correlation between
the two datasets, we conclude that the Safecast data has utility for
measuring environmental radiation.

1.1. The 2011 Tohoku earthquake and tsunami

On March 11, 2011 at 5:46:24UTC a 9.0 magnitude earthquake
occurred 130 km east of Sendai, Honshu, Japan at a depth of
approximately 30 km near the Pacific and North American plate
subduction zone (U. S. Geological Survey, 2011). Earthquake models
showed that the fault moved upwards by 30 me40 m over a
300 km by 150 km area with effects that were felt as far away as
Korea, southeastern Russia, and China (U. S. Geological Survey,
2011). The plate shift was extreme enough to move the Earth's
axis 25 cm and speed up its rotation by 1.8 ms per year (Chai, 2011).
Moreover, the earthquake slid Honshu, the main island of Japan,
3.6 m to the east, while part of the Oshika Peninsula moved about
5.3 m towards the earthquake's epicenter (Norio et al., 2011).

The tsunami caused by this earthquake affected 20 different
Pacific Rim countries withmost of the damage occurring in Japan. It
is estimated that the tsunami reached a peak of 38 m above mean
sea level while penetrating up to 10 km inland (Norio et al., 2011).
Over 300,000 buildings, 2000 roads, and 50 bridges were damaged
or destroyed. There were also approximately 15,000 casualties,
5300 injured, and 4600 missing people due to the tsnunami (U. S.
Geological Survey, 2011). The combined earthquake and tsunami
had an estimated initial overall economic impact of up to 183
billion US Dollars (Norio et al., 2011).

1.2. The Fukushima Daiichi nuclear disaster

The 11 nuclear power plants in northeastern Japan automati-
cally shutdown when the earthquake struck (Norio et al., 2011). In
spite of these automatic safety procedures, the Fukushima Daiichi
power plant suffered a level 7 catastrophic nuclear incident, the
highest level on the International Nuclear and Radiological Event
Scale (INES), due to earthquake and tsunami damage (Norio et al.,
2011). The 5.7 m seawall at the Daiichi power plant was over-
come by a 15m high tsunami that flooded backup diesel generators
and washed their fuel tanks into the ocean (Funabashi and
Kitazawa, 2012), which meant that the power plant had no diesel
generators to power the cooling systems (Nakamura and Kikuchi,
2011). In turn, this resulted in the partial meltdown of the reactor
cores, which led to significant releases of radiation into the atmo-
sphere and the ocean (Funabashi and Kitazawa, 2012; Nakamura
and Kikuchi, 2011; Chino et al., 2011).

1.3. The advent of the Safecast project

Motivated by the lack of reliable and publicly available infor-
mation regarding the ongoing Fukushima Daiichi nuclear power
plant disaster, that same month a group of hobbyists organized the
Safecast project, which focused on providing the means for citizens
to collect and share radiation observations. The Safecast project
logged their first observations with handbuilt radiation detectors in
April, 2011, just one month after the tsunami struck Japan (Brown
et al., 2016). The Safecast project is internationally crowdfunded
and crowdsourced with over 650 handheld units and several sta-
tionary sensors that have contributed more than 27 million radia-
tion measurements as of March 2015 (Bonner and Brown, 2015). In
May 2014 there were over 14 million Safecast observations within
Japan, though there were also millions of observations from Korea,
Iraq, the United States, and other locations.

Fig. 1 shows log-adjusted Safecast radiation observations for
Japan, and depicts the radiation plume from the Fukushima Daiichi
Nuclear Power Plant (FDNPP) spreading to the northwest about
50 km before turning and fading to the southwest. Most of the data
follows the roadways because the hand held units are typically
attached to car windows during observations, though there are also
data gathered from ships off the east coast of the main island. The
green circles indicate several permanent stationary sensors that
also contribute observations to the Safecast database.

Safecast's current handheld radiation detector, the bGeigie
Nano, is shown in Fig. 2, and is the fifth generation of their open
source hardware design. It uses the LND 7317 radiation sensor,
which is a 5.08 cm diameter pancake style radiation sensor that can
detect alpha, beta, and gamma radiation using a Geiger-Müller tube
filled with a mixture of neon and halogen gases (LND, Inc, 2011).
The device also has a Global Positioning System (GPS) receiver to
record the location of radiation readings. The Safecast detector
records only the sensor output in counts per minute with time and
location information and does not do any other manipulation of the
saved data. For the display on the device, the counts per minute can
be converted to either micro Sieverts per hour (mSv/h) or Becquerel
per meter squared (Bq/m2), both based on 137Cs. Radiation obser-
vations are logged to a Secure Digital (SD) memory card, which can
then be uploaded to the Safecast site; the data is freely available to
the public via the Creative Commons CC0 license (Creative
Commons, 2015). bGeigie Nano kits can be purchased online for
roughly $450, and then assembled by users within a few hours
(Safecast, 2015b; Brown et al., 2016). The device is typically
deployed by attaching it to the outside of a vehicle's window and
driving through areas of interest, though users can also collect
observations from their bGeigie Nano while walking (Brown et al.,
2016).

1.4. Safecast data Validity

The Safecast team has implemented quality control measures to
ensure equipment accuracy. First, all the electronic components are
factory tested before being shipped (Safecast, 2015a). Second, units
are randomly selected, assembled, and undergo calibration tests at
the Jülich Research Centre in Germany, QualTek in the US, and the
International Atomic Energy Agency (IAEA) testing laboratory in
Seibersdorf, Austria. The tested units have demonstrated ±10% ac-
curacy, which is the typical Safecast performance (±15% is their
maximum), which compares well to the normal industry



Fig. 1. These are screenshots from the Safecast web site of log adjusted radiation observations in mSv/h for all of Japan and the vicinity near the FDNPP. Individual observations are
overlaid on linearly interpolated values. Note that most observations follow along roadways, though the green circles represent permanent, stationary radiation sensors that also
contribute to the Safecast network. The radiation plume from the Daiichi nuclear power plant can be seen following a northwesterly path for about 50 km before turning and fading
southwest (Safecast, 2015d). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

Fig. 2. These images show the front and back of the bGeigie Nano, and is the current handheld unit for contributing radiation observations to the Safecast database. This is the fifth
generation of the bGeigie handheld sensor, which was released in 2013. (bGeigie Nano images courtesy of PSU's Geoinformatics and Earth Observation Laboratory).
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calibration accuracy (Spinrad, 2011) and the recommended peri-
odic check accuracy of ±10% for medical uses (Zanzonico, 2008).
Third, all data is checked by a team of domain experts before being
accepted into the database; however, approximately 0.1% of up-
loads required such scrutiny (Brown et al., 2016).

The kits are built by volunteers of varying technical ability,
which means that there may be assembly errors that may have a
negative impact on accuracy. Moreover, though there are guidelines
for using the bGeigie Nano units tomitigate data accuracy problems
(Safecast, 2015c), there is no guarantee that the users have followed
those guidelines when deploying their devices, which also can have
an impact on the unit's accuracy.

Given these concerns, to date there has been no in depth anal-
ysis of the accuracy of the millions of Safecast radiation
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measurements. It is necessary to be confident that Safecast obser-
vations are reliable and accurate if they are to be used to supple-
ment authoritative data for decision making. One means of
checking Safecast data is to compare it with a set of observations
made from different equipment that come from a trusted source,
which is the strategy we have taken in this work. In the next section
we describe the details of this approach.

2. Material and methods

The Open Street Map (OSM) project is similar to Safecast in that
it is a volunteer effort to freely provide global geospatial data. In-
dividuals use GPSs, smartphones, or cameras to capture local spatial
information that is then added to a central publicly accessible
database. This database can then be used to create maps or to do
route planning (Bennett, 2010). However, Volunteered Geographic
Information (VGI) such as found with OSM can have problems with
reliability, quality, and utility. That is, participants may be using
faulty equipment or make observation errors that could negatively
affect data quality (Flanagin and Metzger, 2008).

One way to validate VGI is to compare it with high fidelity data,
such as from an authoritative and trusted source. OSM data for the
London metropolitan area was compared to corresponding geo-
spatial data from the British Ordnance Survey (BOS). London was
selected because that is the first area OSM mapped, and so would
have the oldest and therefore most reviewed data, as well as
maximizing overlap between the two datasets (Haklay, 2010).

Safecast data is similar in nature to OSM's just by virtue of them
both being VGI and, as such, just as there was an open question
regarding OSM's quality since it was a form of VGI, the same
question applied to Safecast. Therefore we took a similar approach
to evaluating Safecast's observation fidelity by comparing Safecast
observations with authoritative data.We chose to compare Safecast
data with the DOE/NNSA aerial survey data gathered over the
Fukushima Prefecture shortly after the nuclear disaster (Lyons and
Colton, 2012) because these two datasets had significant over-
lapping spatiotemporal observations in that region.

3. Experimental

The DOE/NNSA dataset has 107,147 observations that cover
roughly 20,000 km2 over the Fukushima Prefecture for a period of
five weeks, from April 2nd through May 9th, 2011. Given that the
observations were made several hundred meters above sea level,
the data values were corrected to what they would be 1 m above
the ground presuming the ground or the air at this reference height
is the reference. Also, since the observations were made on
different days and the radiation from the elements 134Cs and 137Cs
decay at different rates over time, to use that dataset you would
have to take into consideration when the observations were made
and which elements' radiation energy levels were measured to
compensate for radioactive decay. Since this would be computa-
tionally cumbersome to do properly, the DOE/NNSA used the
respective half lives of 134Cs and 137Cs to project forward all the
observations to June 30, 2011 (Lyons and Colton, 2012).

The Safecast and DOE/NNSA datawas compared by first clipping
the Safecast data to the same geographical extent as the DOE/NNSA
data, then considering only the Safecast observations for the same
period d from April 2nd through June 30th d which resulted in
71,616 Safecast observations. Fig. 3 shows the distribution of ob-
servations between the two surveys for this period. We chose to
emulate what was done for the DOE/NNSA aerial survey and
extrapolated the remaining amount of Cs for the Safecast data to
June 30, 2011, with the same assumption of a 1:1 ratio of the two Cs
isotopes. The following formulawas used to estimate the remaining
amount of Cs radionuclides for June 30, 2011 (U. S. Occupational
Safety & Health Administration, 2015):

A ¼ Aie
�ð0:693t=T1=2Þ (1)

Where A is the activity at some time of interest, Ai is the activity at
the initial time, t is the elapse time from the initial time to the time
of interest, and T1/2 is the given isotope's half life in the same units
of time. The T1/2 for 134Cs is 2.06 years and 137Cs is 30.17 years.

The DOE/NNSA used mR/h (miliRem per hour) as a unit of
measure whereas Safecast used counts per minute (cpm), or the
ionization events that the Geiger-Müller tube detects. The Safecast
measurements were converted to usemR/h to facilitate comparison
to the DOE/NNSA data using the following formula (Kozhuharov,
2014; Mallins, 2014; Dolezal, 2014):

1 mR=h ¼ 1
3340

cpm (2)

Note that we did not make additional adjustments for the devices
measuring different energy levels. The constant in Eq. (2) includes
this conversion.

Now that the two datasets were for the same area and time
period, and also used the same units for measuring radiation, the
next step was to do the comparison between them. However, the
two datasets had distinctly dissimilar spatial characteristics, which
posed a challenge for doing a direct comparison. For example, Fig. 4
shows that the DOE/NNSA areal survey covered large swathes of
territory in a gridlike pattern; by contrast, Fig. 1a shows that the
bulk of the Safecast observations were made along roads.

To compare the two datasets we chose to follow a similar
approach taken by the Japanese Nuclear Regulation Authority
(JNRA) for rasterizing radiation measurements. The JNRA uses the
following steps to gather and share their radiation measurements
(Japanese Nuclear Regulation Authority, 2014):

1 project the data to a 2D coordinate system, such as Universal
Transverse Mercator (UTM)

2 overlay a polygonal grid onto the point data
3 average the measurements for each grid cell
4 assign that average to a corresponding cell in a separate raster

image with the same dimensions

Following these steps to compare the DOE/NNSA to Safecast
measurements, we first projected the two datasets to UTM Zone 54,
then used a polygon grid overlay comprised of 500 m2 grid cells,
and then averaged the radiation readings corresponding to each
cell for both datasets. We then derived two raster images, one for
the Safecast data, and the other for the DOE/NNSA, where each
pixel value contained the corresponding average for each corre-
sponding grid cell. We kept raster cells for which there were
common set of observations to allow for direct comparisons be-
tween the two datasets. Fig. 5 shows the process of rasterizing and
filtering grid cells for which there were observations from both the
DOE/NNSA and Safecast.
4. Results

Fig. 6 shows the respective distributions of radiation observa-
tions between the DOE/NNSA aerial survey and Safecast measure-
ments. Both datasets are similarly distributed with z80% of the
observations being below 0.1 mR/h. However, the DOE/NNSA ob-
servations are slightly higher in value than the Safecast, and there
are two DOE/NNSA readings that are much larger than all other
observations.



Fig. 3. This illustrates the number of samples gathered by day during the DOE/NNSA aerial survey of the Fukushima Prefecture from April 2nd through May 9th, 2011, and the
Safecast observations made from April 24th, through June 30th, 2011. This shows that the bulk of the DOE/NNSA observations were made earlier in the same period than Safecast.
However, both datasets had their respective observations extrapolated forward to June 30, 2011 for easy comparison.
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Fig. 7 shows the respective spatial distributions of the DOE/
NNSA and Safecast radiationmeasurements. There the two datasets
appear visually to be highly correlated, which is supported by the
pairwise corðvd!; vs

!Þ of 0.962, where vd
! corresponds to the vector of

DOE/NNSA observations, and vs
! the Safecast. However, the non-

peak DOE/NNSA values appear to be higher than the correspond-
ing Safecast observations.

When the values of two identical sets of observations are plotted
against each other, they normally align along the 45� diagonal.
However, when the sets are not identical but just very similar, as
when they are off by a constant, it is still possible to observe a
strong linear relationship. Fig. 8a shows a scatter plot of Safecast
measurements against the corresponding DOE/NNSA with the
regression line with 95% confidence interval shown. The corre-
sponding linear model has a p-value of less than 0.0001, and an
adjusted R2 of 0.9262. Table 1 shows the correspondingly low p-
values and standard errors for the coefficients obtained through
our statistical testing.

Results show that the DOE coefficient is less than one, providing
supporting evidence that the DOE/NNSA values are generally
higher with respect to Safecast values. This was saw earlier in Fig. 3.
A Wilcoxon rank sum pairwise statistical test between the two
datasets also supports the claim that the generally the DOE/NNSA
data have higher values than much of the corresponding Safecast
values (p < 0.0001). In other words, Safecast generally un-
derestimates the radiation levels.

5. Discussion

While the Safecast and DOE/NNSA data were strongly corre-
lated, the DOE/NNSA radiation measurements were generally
higher. This may have several possible explanations. First, though
we applied the same DOE/NNSA extrapolation procedure of pro-
jecting Safecast data to June 30th, 2011, the bulk of the Safecast
measurements were made later than the DOE/NNSA, as shown in
Fig. 3, and so extant potassium and iodine radionuclides would not
have been as prevalent as for the DOE/NNSA to be detected by the
bGeigie Nano units; moreover, any precipitation made before or
during the Safecast observations would remove some of the water
soluble Cs. Second, the observed differences could also be because
the Safecast and DOE/NNSA observations were made by different
sensor technology. That is, Safecast used a Geiger-Müller tube
containing neon and halogen and the DOE and NNSA deployed
thallium activated sodium iodide crystal-based detectors. Thirdly,
another contributing factor to the higher DOE/NNSA readings could
be that the Safecast measurements were predominately made from
automobiles while the DOE/NNSA used a C-12 fixed wing aircraft,
which meant that the DOE/NNSA measurements had to be
extrapolated to 1 m above the ground, which was particularly
challenging since the altitude had to be estimated given that air-
craft's altimeter readings were inaccessible (Lyons and Colton,
2012), thus introducing a source of uncertainty. Fourth, given the
strong linear relationship between the two datasets, another pos-
sibility is that the conversion factor that was used in Eq. (2) could be
improved.

5.1. Compensating for influence of early extant radioactive
potassium and iodine

If the existence of higher amounts of radioactive potassium and
iodine were contributing factors in making the DOE observations
greater than for Safecast, then we should observe that the largest
values dominate the earliest measurements. Indeed, Fig. 9 shows
that the highest recorded DOE radiation observations were made
on the second day of flights.

Given that, the two datasets may be significantly closer in value
if we drop the first two days of DOE observations. However, then
the concernwould be that the spatial distribution between the two
datasets may change such that a fair comparison is no longer
possible, but this concern may be mitigated if the areas corre-
sponding to the dropped observations were later re-measured. The
left sub-figure in Fig. 10 shows the subset of the DOE observations
that are within 500 m of Safecast data that corresponds to the first
two days d or days of highest recorded measurements; the right
sub-figure shows all the remaining DOE measures, also within
500 m of Safecast data. This shows that we can drop the first two
days of DOE measurements with little impact on the spatial rep-
resentation of data since the earliest observed areasweremeasured
again by the DOE.

Fig. 11 shows the regression between the DOE observations with
those first two days of measurements removed compared once
more to the corresponding Safecast data, and which looks almost



Fig. 4. DOE/NNSA radiation observations made over the Fukushima Prefecture from April 2nd through May 9th, 2011.
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Fig. 5. The DOE/NNSA and Safecast datasets were point observations that were translated into a corresponding set of raster images to make comparisons easier. A grid of 500 m2

cells was overlaid over the common area for the DOE/NNSA and Safecast observations as shown in the inset diagrams. A raster image for each set of observations was generated
from the average of the respective observations for each grid cell, and grid cells for which there were no observations for both datasets were discarded. The location of the
Fukushima Daiichi nuclear power plant is shown at the radiation hazard symbol along with 10 km concentric rings from the power plant shown up to 30 km.
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Fig. 6. This is a histogram of radiation intensities for DOE/NNSA and Safecast log adjusted observations in units of mR/h and with a bin size of 0.01. The number, or count, of
observations for the corresponding bin values are shown, and indicates that the two sets of observations have similar distributions. However, the DOE/NNSA measurements are
slightly larger than the corresponding Safecast observations as shown by their respective medians, with the gold line representing the DOE/NNSA median, and the blue dotted line
for the Safecast. There are also two outliers of DOE/NNSA observations that are much higher than other measurements that are highlighted in the box on the right of the figure. (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

Fig. 7. These level plots depict the distribution of log adjusted radiation observations between the two datasets. The distributions appear to be highly correlated, though the DOE/
NNSA non-peak observations are higher than the corresponding Safecast values, particularly for the areas of the highest level of measurements.
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identical to the linear regression depicted in Fig. 8a. Table 2 cor-
roborates this comparison in that it shows that the regression did
not change much, though the adjusted R2 did improve from 0.9262
to 0.9329. However, a pairwise Wilcoxon rank sum test shows that,
overall, the DOEmeasurements are still statistically higher than the
corresponding Safecast observations ðp<0:0001Þ. Therefore, we
conclude that removing the earliest, higher DOE measurements
had little overall impact on the differences between the two data-
sets, and so one or more of the other possible explanations posed
earlier may be the cause.
5.2. Summary

Regardless of the higher DOE/NNSA radiation values, even after
removing the first two days of DOE observations containing the
highest values, the two datasets are still strongly correlated. They
both described the same relative regions of high vs. low areas of
radioactive contamination. In this regard, Safecast has shown that it
can be used to detect radioactivity, such as in scenarios for
improving disaster response to radiation producing events.



Fig. 8. Linear model of DOE/NNSA coordinates plotted against Safecast and a violin plot showing the respective measurement distributions. (a) Linear regression model of DOE/
NNSA vs. Safecast observations in units of mR/h with linear regression 95% confidence interval region. That is, for every raster cell, the DOE/NNSA measurement is the x coordinate,
and the Safeast the y. If the observations were identical, then the points would be in a 45� line. That the slope is less than 45� is another indicator that the DOE/NNSA values are
somewhat higher. (b) Violin plot that shows the differences between the DOE/NNSA and Safecast measurement distributions, and shows that the distribution of the Safecast
observation values tend to be lower than that of the DOE/NNSA.

Table 1
Summary statistics for coefficients for linear model of DOE/NNSA vs. Safecast co-
ordinates shows correspondingly low p-values and standard errors.

Estimate Std. Error t value Pr ð> jtjÞ
(Intercept) �0.0007 0.0010 �0.73 0.4633
DOE 0.7418 0.0069 107.33 0.0000
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6. Conclusions

Volunteers for the Safecast project use handheld sensors to
gather radiation measurements that are later freely sharedwith the
public. Unfortunately, the fidelity of this volunteer gathered data
may be questionable given that it relies on participants of varying
levels of training and from equipment that they assembled them-
selves. With this in mind, we validated Safecast data by comparing



Fig. 9. From April 2nd through May 9th, 2011, the DOE/NNSA made 15 flights over the Fukushisma Prefecture to gather radiation observations, and this scatter plot aggregates those
observations by each day. Note, some horizontal jitter and alpha transparency was applied to mitigate overplotting. The highest radiation observations were made on April 3, 2011.

Fig. 10. Both figures depict the DOE radiation measurements made within 500 m of the corresponding Safecast observations. The left figure shows the 647 DOE observations made
between April 2nd and 3rd, 2011, which also contained the highest measured values. The right shows the remaining 4533 observations, which were made between April 4th and
May 9th, 2011. This shows that dropping the first two days of DOE observations does not have a significant impact on the overall spatial coverage.
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it to U. S. Department of Energy's National Nuclear Security
Administration observations made within the Fukushima Prefec-
ture shortly after the March 2001 Daiichi nuclear power plant
disaster occurred. We found that the two sets of observations were
highly correlated, but that the DOE/NNSA measurements were
somewhat higher. Nonetheless, despite the differences, we feel that
the Safecast data is useful for public safety given that it identified
similar regions of high radiation as did the DOE/NNSA.
One possible cause of the DOE/NNSA and Safecast data differ-
ences included significant periods of non-overlapping observa-
tions. Oneway to address that problemwould be to perform similar
types of comparisons as was used in this work between Safecast
data and other authoritative datasets with observations made in
the same span. Given that the Japanese government continues to
regularly monitor radiation levels via aerial surveys of the
Fukushima Prefecture, and likewise Safecast measurements



Fig. 11. Linear regression between DOE and Safecast observations with the first two days of DOE observations, which contained the highest values, dropped.

Table 2
Summary statistics for coefficients for linear model of DOE/NNSA vs. Safecast co-
ordinates shows correspondingly low p-values and standard errors.

Estimate Std. Error t value Pr ð> jtjÞ
(Intercept) �0.0007 0.0010 �0.70 0.4846
DOE 0.7550 0.0070 107.79 0.0000
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continue to be made in that same area, then similar studies can be
made between those datasets. Likewise, other comparisons could
be made where other authoritative data sufficiently overlaps with
Safecast data.
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