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EXECUTIVE SUMMARY

Geo4nonpro is a web-based platform for public viewing and annotating satellite imagery. 
The James Martin Center for Nonproliferation Studies (CNS) sought to harness the power of the 
crowd to interpret imagery of sites with known or suspected WMD ties. The research team invited 
a “curated” crowd of experts to annotate and comment on the imagery. The crowd was global in 
composition, with experience ranging from science and technology to policy and area studies. The 
Geo4nonpro website has two main components: a web server and an imagery server.

The CNS research team procured and processed batches of imagery for seven sites during the pi-
lot phase of Geo4nonpro in 2016: The Punggye-ri Nuclear Test Site (North Korea), Directorate of 
Defense Industries (DDI) facilities (Myanmar), the Sinpo South Naval Shipyard (North Korea), the 
Novaya Zemlya Nuclear Test Site (Russia), the Shahrud Missile Test Facility (Iran), the Korla Missile 
Test Complex (China), and Kaliningrad missile deployments (Russia). The public and press were able 
to watch the experiment in real-time on a public-facing website, join in by using the #geo4nonpro 
hashtag on Twitter, or even apply to become part of the curated crowd. 

For each of the cases studies, the CNS research team gave a rationale for the case, described the im-
agery and the challenge for the crowd, gave CNS expert analysis of the imagery, analyzed the crowd’s 
response, and drew lessons from the case. Crowd participation ranged from enthusiastic to subdued 
depending on the site, but across the board, the crowd fared well at accurately identifying objects in 
satellite imagery for the seven challenges. It remains to be seen whether the crowd is good at drawing 
overall inferences from these identifications the way an analyst would. 

While the project was lauded as a success internally and externally, there were several critical areas 
that CNS wishes to address in the future, including improving the user interface, asking permission 
to gather more user data for a robust analysis of the crowd, and exploring whether user-generated 
data could be useful in machine-learning training algorithms for automated detection of features in 
satellite imagery of WMD-related sites.

PROJECT CONCEPT

Satellite imagery used to be exclusively in the purview of the United States and the Soviet Union. 
However, as the price of commercial satellite imagery comes down and the quality and availability 
goes up, it has become a great equalizer. Now anyone with an internet connection has the oppor-
tunity to access imagery. But is the crowd useful? Will they work for free? How do they compare to 
domain experts at the James Martin Center for Nonproliferation Studies (CNS)? 

CNS procured and processed batches of imagery of known or suspected WMD sites. These curated 
sites were places that (1) were tied to WMD activity; (2) had available imagery; and (3) had questions 
or challenge that might be answered by a human more easily than by a machine-learning algorithm. 
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Depending on the site and challenge, CNS chose layers of images from different dates and bands of 
non-visible light. Researchers tried to pick timely events that were in the news or otherwise of interest 
to the general public, as well as sites that had not received much coverage. In total, there were seven 
sites: two nuclear, three missile, one chemical, and one submarine. Two of the sites were from North 
Korea, two of the sites were from Russia, and one each from China, Iran, and Myanmar. 
 
In the pilot year, CNS invited a “curated” crowd of experts to annotate and comment on the imagery. 
These experts came from around the globe with experience ranging from science and technology to 
policy and area studies. The public and press could watch the activity on the public-facing website, 
join by using the #geo4nonpro hashtag on Twitter, or apply to become an expert member themselves. 
Very little data was collected on the crowd in order to encourage participation and avoid the appear-
ance of “big brother.”

Researchers collected the data provided by the crowd and analyzed it compared to their own findings. 
Their observations are below. 

BUILDING THE CROWD 

CNS announced the site in April 2016 at the State Department’s “Innovation Forum” held at Stan-
ford University and invited CNS staff and a small handful of imagery experts to participate in a beta 
test of the site. 

In May, CNS researchers formally invited 526 experts to join the site and announced the Punggye-ri, 
North Korea and Myanmar DDI campaigns. Among the initial 526 experts were regional specialists, 
imagery analysts, and technical experts. CNS invited its visiting fellow alumni from predominantly 
Russia, China, Pakistan, and Southeast Asia. In addition, CNS reached out to experts across the aca-
demic and NGO/think tank sector, and a handful of national lab, government, and industry special-
ists. Last, CNS encouraged those who were invited to encourage their colleagues to apply through the 
expert portal on the site. 

The bulk of experts joined the site after the initial invitation; however, eighteen new members signed 
up after the Kaliningrad imagery was posted. Typically, CNS would receive about a dozen requests to 
join the site from unsolicited individuals each month. These individuals were vetted by a brief email 
exchange. Approximately seventy-five individuals requested to join the site who were not initially 
known to CNS. 

Geo4nonpro uses Flashissue to send out email updates about new sites and new imagery. Flashissue 
produces reports on how many emails were sent, opened, and clicked on. The data from Flashissue 
is summarized in the table below. The initial invitation email announced both the Punggye-ri North 
Korea and Myanmar DDI sites. Of the 526 invitations sent, 228 different individuals opened the 
email, and 105 clicked on a link in the email. Some users appeared to have opened the email hun-
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dreds of times, but this could have been due to them forwarding the email, or, to some extent, their 
email client previewing the message. 

Figure 1: Viewing Statistics for Geo4nonpro invitations. 

For example, the email appeared to have been circulated at UC Berkeley. Other people who appeared 
to have forwarded emails widely included scientists at national labs, individuals at imagery and tech-
nology companies, and researchers at other think tanks. Strangely, CNS staff members were among 
the least likely to generate high numbers of email opens.

CNS emailed about an initial webinar to instruct users on how to use the site effectively. Only about 
33 percent of recipients opened the email, and none of them opened it more than once. Ultimately, 
only eighteen people attended the webinar, prompting CNS staff to decide to relay instructions via 
Twitter rather than through webinars.1

The Sinpo shipyard in North Korea was the second most opened and clicked on email blast. Sin-
po was sent to 544 recipients, who opened the email 203 times and clicked on the email fifty-nine 
times. There is generally a downward trend in the number of opens and clicks since Sinpo. However, 
the release of the Kaliningrad imagery reversed this trend—the Kaliningrad announcement received 
twelve more clicks and nineteen more opens than the Korla announcement. This is possibly due to 
the increase in media attention surrounding the release of the Kaliningrad imagery. 

1  A video of the webinar is hosted on YouTube: <https://www.youtube.com/watch?v=yOfpMznHRq0>. 

https://www.youtube.com/watch?v=yOfpMznHRq0
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Figure 2: Email statistics for Geo4nonrpo site announcements. 

Geo4nonpro has received fifty-four non-deliverable emails. Of these fifty-four, thirteen are users who 
have unsubscribed from the Geo4nonpro emailing list. The remaining forty-one are emails that have 
bounced. Because we are familiar with Chinese and Russian email services, we can tell that individ-
uals are opening the emails; however, few choose to join the site using the same email address if they 
join at all. 

In 2016, the only data we collect from registered users was their email address. Of the 237 registered 
experts on Geo4nonpro, sixty-nine registered with a .edu email address, and twenty-nine registered 
with .org, which is in line with what we expect from the original invitation list. It should be noted 
that the National Academy of Sciences and Naval Postgraduate School use .edu addresses. A hand-
ful of users opted to use .gov or .gov.eg email address, but the bulk (seventy-five) used private email 
addresses at Gmail. 
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Table 1: Distribution of Geo4nonpro User Email Domains 

Domain Count by Type

com 113

de 4

edu 69

eg 1

gov 7

kz 1

net 2

no 1

org 26

ru 5

uk 7

us 1

Total 237

Several international domains were used. The .uk ones were primarily universities, but the Russian 
ones were typically Russian-language free email hosts like Yandex or Mail.ru. There were no .cn 
domains, but several Chinese private mail companies like qq.com and sina.com were used. There 
were also a handful of users from satellite imagery, analysis, and mapping companies like google.
com, orbitalinsight.com, planet.com, and st-analytics.de, even though they were not directly 
involved in the site. There were several others like apollomapping.com, brkt.com, and boundless-
geo.com, which were involved in giving us services for the website and appeared to be interested 
enough to become members.
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Individuals from many major think tanks with .org email addresses joined; however, if they partici-
pated, they often did so anonymously. Think tanks included:

 » Arms Control Association

 » Center for Strategic & International Studies

 » Federation of American Scientists

 » Foundation for Strategic Research (France)

 » The Heritage Foundation

 » International Institute for Strategic Studies (United Kingdom)

 » Institute for Science and International Security

 » Ploughshares Fund

 » Royal United Services Institute (United Kingdom)

 » Union of Concerned Scientists

 » Verification Research, Training and Information Centre (United Kingdom) 

 » Vienna Center for Disarmament and Nonproliferation (Austria)

Several others signed up with private email accounts. Nobody with an email domain from an interna-
tional organization signed up as an expert, although we did see many hits from Vienna and Amster-
dam during the launch of the site. 

DEMOGRAPHICS

CNS collected demographic data using Google Analytics. The accuracy of Google Analytics increases 
with greater site visits. Given the relatively low traffic on Geo4nonpro at the start of the project, we 
cannot be very confident about the demographic data provided by Google. Based on the available 
Geo4nonpro user statistics, the research team hypothesizes that some data, particularly the data on 
gender, are skewed. The research team also questions whether many of the Geo4nonpro users may 
have employed virtual private networks (VPNs) to reach the site, masking some of their data, includ-
ing demographic and IP address.  While recognizing its limitations, Google Analytics still provides a 
useful glance at who uses Geo4nonpro.

Geo4nonpro has two primary types of site visitors: experts and viewers. The site currently has 174 
registered experts, who all have the ability to drop pins and comment on maps. To date, between 
both experts and viewers, there have been a total of 6,965 sessions at the Geo4nonpro website by 
4,830 users. 4,835 of Geo4nonpro’s total sessions have been first-time visits by new users. These 
numbers indicate that the majority of users do not return to the site from the same IP address. 
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Figure 3: Age distribution of Geo4nonpro users.

Demographically, 12.1 percent of users are female and 87.9 percent of users are male. 11.11 percent 
of users are ages 18–24. 36.15 percent of users are ages 25–34. 24.71 percent of users are ages 35–44. 
8.44 percent of users are ages 55–64, and just 4.71 percent of users are over sixty-five years old. Goo-
gle analytics does not collect data on age groups younger than eighteen.

Geo4nonpro users have visited the site from a total of 108 different countries, although some of 
these visits are likely from users with VPNs. The top ten countries from which users visit Geo4non-
pro are the United States, the United Kingdom, Austria, Russia, Canada, Australia, Germany, the 
Netherlands, France and Italy. 52.63 percent of total session visits have originated from the United 
States. The graph below shows the number of sessions and first-time sessions from each of the top ten 
countries to visit the website. The Percent First Time Sessions column indicates that users have never 
visited Geo4nonpro from a given IP address. 
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Table 2: Total Session Visits for Geo4nonpro

Country Sessions Percent First Time Sessions

United States 3,666 62.58

United Kingdom 591 85.79

Austria 214 74.77

Russia 214 22.43

Canada 184 83.70

Australia 142 89.44

Germany 142 82.39

Netherlands 127 80.31

France 119 77.31

Italy 93 93.55

The majority of Geo4nonpro sessions were conducted using Google Chrome browsers. The top five 
internet browsers to visit the site were Chrome with 3,766 sessions, Firefox with 1,053 sessions, Sa-
fari with 916 sessions, Safari (in app) with 563 sessions, and Internet Explorer with 351 sessions. The 
Safari (in app) sessions most likely originated from mobile devices that visited the site from Twitter. 
This web browser information tells us that the majority of Geo4nonpro users have installed addition-
al browsers on their computer, which indicates a tech-savvy user.
 

Site users visit Geo4nonpro with generally high screen resolutions. There were a total of 202 different 
screen resolution configurations from users that have visited Geo4nonpro. However, 20.29 percent 
of all sessions were conducted by users with a screen resolution of 1920 x 1080. 10.81 percent of all 
sessions were conducted by users with screen resolution of 1366 x 786. The remaining 68.9 percent 
of sessions were conducted by users with varying screen resolutions with no configuration exceeding 
7 percent of all sessions. This suggests that Geo4nonpro users have invested in above-average comput-
er monitors, which are typical among people accustomed to looking at high resolution imagery.
 

The average session duration was 2.39 minutes, and site users visited an average of 2.35 pages per 
session. 51.18 percent of users visited just one page on the website before leaving. This result could be 
because they were using the in-browser window to view imagery, but it may indicate poor web design.
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SOCIAL MEDIA & MEDIA COVERAGE

Melissa Hanham announced the launch of the site on ArmsControlWonk.com, because of the over-
lap with Geo4nonpro’s potential user-base.2 The tweet announcing the launch also received a high 
amount of engagement in terms of retweets and likes.

 
Figure 4: Twitter announcement of the launch of Geo4nonpro.

2  Melissa Hanham, “Announcing Geo4nonpro,” Arms Control Wonk, 30 May 2016, <http://www.armscontrolwonk.
com/archive/1201434/announcing-geo4nonpro/>. 

http://www.armscontrolwonk.com/archive/1201434/announcing-geo4nonpro/
http://www.armscontrolwonk.com/archive/1201434/announcing-geo4nonpro/
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In addition to email, CNS research staff used Twitter to engage users. As of 23 December 2016, @
Geo4nonpro had 771 followers. According to Twitter Analytics, 51 percent of the Twitter account’s 
followers are ages 25–34, and 17 percent are female. 52 percent of the audience comes from the 
United States. Compared to typical Twitter users, @Geo4nonpro followers have greater household 
incomes and are more interested in business, politics, and science. 

Despite a few attempts at tweeting in Chinese, Russian, and Korean, 99 percent of @Geo4nonpro’s 
followers speak English. About half are from the United States, with the United Kingdom, Austria, 
and Australia following. Again, it is likely that many of the @Geo4nonpro followers use VPNs.

Figure 5: Statistics for Geo4nonpro’s twitter account.
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Geo4nonpro’s Twitter Analytics records go back to August of 2016. The tweet that was viewed by the 
most people was sent out 3 December 2016. This post generated 8,172 impressions, which is to say 
Twitter distributed it to 8,172 feeds. Though it did not have the highest number of retweets, those 
who did retweet it collectively had the most followers. The piece features a news item which high-
lighted work by Jeffrey Lewis and a member of the Geo4nonpro crowd working together to identify 
Iskander missile basing near Kaliningrad.

 
Figure 6: Tweet of Geo4nonpro media mentions.

The CNS researchers evaluating each site would avoid dropping pins or directly interacting with the 
crowd so as not to “taint” the results. CNS research staff has been cautious to avoid creating a type of 
echo chamber that might precipitate undue confirmation bias. However, because the Kaliningrad case 
was unfolding so quickly, Jeffrey Lewis was already working with the expert in question.

The tweet that received the most clicks was a challenge tweet asking @Geo4nonpro Twitter followers 
to identify an object at Novaya Zemlya. This post was clicked on 436 times, probably because Twitter 
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followers wanted to see the image. @Geo4nonpro’s most retweeted tweet, which was about adding 
images at the Korla missile test facility, received nineteen retweets. This tweet was clicked on 102 
times and was distributed to 3,546 different Twitter users’ feeds. 

Geo4nonpro received Twitter mentions from Skoll Global Threats and from Rose Gottemoeller early 
on, which likely helped to build credibility. The research team hopes that other prominent figures in 
the nonproliferation field also continue to spread word about the site. 

TRADITIONAL MEDIA

Geo4nonpro was mentioned in several traditional media outlets. Though CNS did not want to 
sensationalize the site, we did want to get as much word-of-mouth as possible to increase the size and 
quality of the crowd. Almost all media attention was in English. The following articles, blogs, jour-
nals, and TV programs mentioned the site:

 » Arms Control Wonk3

 » Business Insider4

 » NPR5

 » Wired Magazine6

 » Softpedia News7

 » VERTIC Trust & Verify8

 » Sohu9

 » Discovery Science program “What on Earth?’10

3  Melissa Hanham, “Announcing Geo4nonpo,” Arms Control Wonk, 26 May 2016, <http://www.armscontrolwonk.
com/archive/1201434/announcing-geo4nonpro/>; Jeffrey Lewis, “Iskanders in Kaliningrad,” Arms Control Wonk, 11 De-
cember 2016, <http://www.armscontrolwonk.com/archive/1202268/iskanders-in-kaliningrad/>.
4  Alex Lockie, “Russia has taunted Europe with nuclear-capable missiles before—but this time is different,” Bussiness 
Insider Nordic, 2 December 2016,  <http://nordic.businessinsider.com/russia-move-nuclear-capable-missiles-europe-kalin-
ingrad-2016-12/>.
5  Geoff Brumfield, “Russia Seen Moving New Missiles to Eastern Europe,” National Public Radio, 8 December 2016,< 
http://www.npr.org/sections/parallels/2016/12/08/504737811/russia-seen-moving-new-missiles-to-eastern-europe>.
6  Eric Niler, “DOS Attack Crashes Website Monitoring North Korea’s Nuclear Test Site,” Wired, 9 September 2016, 
<https://www.wired.com/2016/09/dos-attack-crashes-website-monitoring-north-koreas-nuclear-test-site>.
7  Caitlin Cimpanu, “Nuclear Watchdog Suffers DDOS attack Ahead of North Korea’s Nuclear Test,” Softpedia, 12 
September 2016,< http://news.softpedia.com/news/nuclear-watchdog-suffers-ddos-attack-ahead-of-north-korea-s-nucle-
ar-test-508193.shtml>.
8  Matteo Zerini, “Crowdsourced Monitoring with ‘Geo4nonpro’,” Trust & Verify, Summer 2016, <http://www.vertic.
org/media/assets/TV/TV153.pdf>.
9 安在, “无处安放的躁动：朝鲜是如何演变为网络威胁“炸弹”的,” Sohu, 28 October 2016, <http://mt.sohu.
com/20161028/n471640777.shtml>.
10  “Discovering Ghost Lakes,” What On Earth Season 3, airdate TBD, <http://www.sciencechannel.com/tv-shows/
what-on-earth/>.

http://www.armscontrolwonk.com/archive/1201434/announcing-geo4nonpro/
http://www.armscontrolwonk.com/archive/1201434/announcing-geo4nonpro/
http://www.armscontrolwonk.com/archive/1202268/iskanders-in-kaliningrad/
http://nordic.businessinsider.com/russia-move-nuclear-capable-missiles-europe-kaliningrad-2016-12/
http://nordic.businessinsider.com/russia-move-nuclear-capable-missiles-europe-kaliningrad-2016-12/
http://www.npr.org/sections/parallels/2016/12/08/504737811/russia-seen-moving-new-missiles-to-eastern-europe
https://www.wired.com/2016/09/dos-attack-crashes-website-monitoring-north-koreas-nuclear-test-site
http://news.softpedia.com/news/nuclear-watchdog-suffers-ddos-attack-ahead-of-north-korea-s-nuclear-test-508193.shtml
http://news.softpedia.com/news/nuclear-watchdog-suffers-ddos-attack-ahead-of-north-korea-s-nuclear-test-508193.shtml
http://www.vertic.org/media/assets/TV/TV153.pdf
http://www.vertic.org/media/assets/TV/TV153.pdf
http://mt.sohu.com/20161028/n471640777.shtml
http://mt.sohu.com/20161028/n471640777.shtml
http://www.sciencechannel.com/tv-shows/what-on-earth/
http://www.sciencechannel.com/tv-shows/what-on-earth/
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Figure 7: Tweet of Geo4nonpro media coverage.

CONFERENCES & MEETINGS

Melissa Hanham and Catherine Dill attended the State Department’s Innovation Forum at Stanford 
University in April 2016. The goal of the forum was to bring together tech and policy makers to 
discuss solutions for nonproliferation and arms control. Ms. Hanham announced Geo4nonpro and 
demonstrated a beta version of the site. 

Jeffrey Lewis and Ms. Hanham presented Geo4nonpro to the Executive Secretary of the Compre-
hensive Test Ban Treaty Organization in July 2016. Currently, the Treaty does not permit the use of 
satellite imagery unless it is part of an on-site inspection. 
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Figure 8: Tweet of presentation to CTBTO Executive Secretary.

Ms. Hanham met with members of the Middle East Next Generation of Arms Control Specialists 
(MENACS), a project of CNS, in Albuquerque, New Mexico. She demonstrated how to use the site 
and simple open source techniques for analyzing satellite imagery. Geo4Nonpro is eager to attract 
more users from the Middle East. 

In September 2016, Ms. Dill presented Geo4nonpro in Santa Fe, New Mexico at the Social Media 
for Nonproliferation workshop at the American Nuclear Society Advances in Nuclear Nonprolif-
eration Technology & Policy conference. Participants at the workshop largely comprised technical 
and policy staff at various US National Laboratories, many of whom have portfolios or interests that 
include the mechanics of societal verification. The participants were excited by the project in part be-
cause their professional responsibilities prohibit them from engaging with the public on verification 
questions, and they expressed that lessons learned from the project will help to inform future public 
verification efforts. 
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Google Earth Outreach invited Ms. Hanham to speak about Geo4nonpro at the annual Geo for 
Good user summit in October 2016. She presented the site alongside Google-enabled geospatial 
projects at CNS. 

Figure 9: Google Earth Outreach tweets about Geo4nonpro presentation.

In December 2016, Ms. Hanham and Bryan Lee were invited to speak at a small follow-on gathering 
from the original April 2016 State Department Innovation Forum. Ms. Hanham presented the initial 
findings of Geo4nonpro alongside Mr. Lee, Vincent Tang of DARPA, and Jay Zucca of Lawrence 
Livermore National Labs. 
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BUILDING THE SITE

Geo4nonpro is a web-based platform for viewing satellite imagery and annotations. An authenti-
cated group of experts around the world has access to annotate the imagery by dropping pins. The 
build team was Melissa Hanham, Catherine Dill, and Bo Kim, along with the contracted services 
of Augustus Wright. 

It has two main components: the web server, which is hosted at Wix, and the imagery server, which is 
a PostGIS server hosted in an EC2 instance at Amazon Web Services using the open source software 
GeoServer on Linux CentOS for an operating system. In addition, the imagery server had a layer of 
encryption using Bracket Computing’s Metavisor over the EC2 instance. 

Figure 10: Schematic of the site. Source: Augustus Wright

This solution offered CNS the best options within its budget. Wix is a low-cost, user-friendly web 
hosting service, much like WordPress. The domain name and hosting fees were very low. The imagery 
server was a much more difficult challenge. CNS explored many possibilities, but there is no com-
mercial product that could both host imagery and allow user-based editable vector data. A custom-
ized PostGIS server was one of the few ways to go. 
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The front-end design was somewhat traditional in order to maximize html content that could be eas-
ily translated using a machine-translation tool like Google Translate. CNS anticipated many non-En-
glish speaking users, so the help section was in html, and the videos were silent, though they had 
English subtitles. The research team used comment sections for user-based questions either on the 
help section11 or on the background blog posts.12 Some people who preferred not to use the interface 
posted comments or communicated through Twitter or email. The front-end of the site also included 
a terms of service statement meant to communicate to users that they must respect the laws of their 
own jurisdiction, must treat each other respectfully, and that the content provided on the site was 
third party and not generated as CNS analysis. 

While CNS was able to keep costs low by stringing together open-source and low-cost modules, there 
were several trade-offs. First, we needed to hire an outside designer and programmer who could use 
Linux and had a deep knowledge of GIS and cybersecurity. This is still a rare combination of skills 
even in Silicon Valley. CNS was fortunate to hire Mr. Wright, a Chief Warrant Officer in the US 
Army, with a vast knowledge of GIS and programing as a consultant. Mr. Wright’s experience helped 
us link together the different modules into a single site, and he continued to jump in and help us 
troubleshoot problems as they arose. 

Second, because we were tying together pre-built modules and using them not always as they were 
originally intended, there were several design issues that could not be helped. For example, the GeoS-
erver offered through Boundless allowed us to host raster data (imagery) and vector data (pins, lines, 
polygons); however, it came with pre-formulated controls that were not intuitive for the general pub-
lic. For those used to ArcGIS or similar software, the bar was not quite so high, but for the general 
public, the user experience may have been intimidating. 

In addition, GeoServer is not intended to be used in this way. Its primary purpose is to serve as 
a sandbox for an in-house team to share geospatial data. Adding authentication for outsiders was 
another challenge. First, the research team’s design goal was to have a publicly-facing portion of the 
site to entice traffic, word-of-mouth, and general interest. Thus, CNS needed to give anyone who 
clicked the site unauthenticated read access. However, the stringent licensing agreement from the 
satellite companies demanded that we ensure no imagery was downloaded or distributed even to 
the expert group. 

WORKFLOW

The research team’s workflow begins with researching sites that would make good candidates for 
Geo4nonpro, according to the following criteria: (1) are tied to possible WMD activity; (2) have 
available imagery; and (3) have an unusual question or challenge associated with them. CNS also 
tried to create a diverse mixture of sites geographically, as well as by WMD type. Generally, several 
sites would be researched in parallel, and whichever became most timely or fruitful would be moved 

11 “Experts,” Geo4nonpro, < http://www.geo4nonpro.org/for-experts> 
12  “Russia’s Kaliningrad Military Base,” Geo4nonpro, 29 November 2016, <http://www.geo4nonpro.org/sin-
gle-post/2016/11/29/Russias-Kaliningrad-Military-Base>

http://www.geo4nonpro.org/for-experts
http://www.geo4nonpro.org/single-post/2016/11/29/Russias-Kaliningrad-Military-Base
http://www.geo4nonpro.org/single-post/2016/11/29/Russias-Kaliningrad-Military-Base


- 18 -                                     

Occasional Paper n. 28 v “Geo4nonpro.org: A Geospatial Crowd-Sourcing Platform for WMD...” June 2017

to the next stage. CNS researchers would then pull together primary and secondary sources on a site 
and select the necessary imagery for order. 

Imagery procurement generally needed a long lead time. Because of government procurement regula-
tions, CNS needed the time to find the most affordable imagery at each site from each company and 
enter end-user license agreements with each one. This meant that it was very hard for us to be respon-
sive to breaking news events. 

In 2016, the research team generally used a third party to process the imagery. However, through a 
generous grant from Carnegie Corporation, we have been training on the complex imagery process-
ing involved in color balancing, mosaicing, and orthorectifying imagery ourselves. In fact, this is a 
skill that Middlebury Institute of International Studies students and research assistants greatly desire. 
In 2017, we hope to process a greater proportion of the imagery ourselves. 

In parallel, researchers also prepare background information on the site, which they post as a blog 
piece on the website. They also fine tune specific tasks for the users and write up the content for an 
email blast and a series of tweets. 

Once the imagery is processed and the file(s) uploaded, an empty shapefile is created with fields for 
the username, date, comment, and source. Both sets of files are uploaded to the back end of the serv-
er using an SFTP client. Next, the files are accessed using the back end of the GeoServer. The files are 
organized into workspaces, stores, and layers. Each image needs a name, date, abstract, and a badge, 
which indicates copyright information. The empty shapefile is processed similarly; however, it needs 
to be accessed via an SSH portal to be made editable, allowing experts to drop pins. Once all layers or 
tiles are prepared, they are made into a distinct map, which is published to the web server. 

The email blast and tweets are sent out the morning after the imagery is made live, and students and 
staff make themselves available to answer questions and add new users. The site’s email address (ge-
o4nonprowebmaster@gmail.com) and Twitter (@Geo4nonpro) account are generally checked every 
business day for comments, questions, and new user requests. Back-ups of the server’s data were made 
weekly. In 2017, we will attempt to increase the security of the data, by creating a versioning system. 

SECURITY

CNS researchers recognized that the political nature of the project would increase security risks, and 
tried to build security features into the design of the site and workflow. As a pilot project, CNS also 
decided to extremely limit the total amount of data that was collected from the users. The only iden-
tifiable information that is collected is the user’s email address for communication and log-in. There 
is no evidence that any data has been lost or compromised over the course of the project. 

Bracket Computing provided excellent security advice, software, and support for the site. While 
Wired reported that Geo4nonpro attacked and crashed, in fact an investigation showed that what ap-

mailto:geo4nonprowebmaster@gmail.com
mailto:geo4nonprowebmaster@gmail.com
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peared to be a DOS attack was likely an attempt to scrape imagery from the site gone wrong.13 After 
receiving a notice from AWS, researchers took the site offline and Bracket conducted forensics on the 
activity. No data was determined to be lost or compromised, however, the site was re-launched with 
back-up data out of an abundance of caution. 

CASE STUDIES

Geo4nonpro chose case studies according to the following criteria: (1) they were tied to possible 
WMD activity; (2) they had available imagery; and (3) that they had an unusual questions or a chal-
lenge associated with them. CNS also tried to create a diverse mixture of sites geographically, as well 
as by WMD type. Researchers also chose issues that were historical, as well as breaking news. In some 
cases, CNS chose to follow a site from an historical perspective and continually update imagery, while 
in another case, CNS focused on using near infrared (NIR) imagery. Below are the findings from the 
seven cases for 2016. 

PUNGGYE-RI NUCLEAR TEST SITE

RATIONALE

Punggye-ri, North Korea is the only known active nuclear test site in the world. North Korea tested 
nuclear devices at this site in 2006, 2009, 2013, and twice in 2016. 

Pyongyang claimed that the January 6, 2016 test was a successful test of a “newly developed 
H-bomb” and claimed that “the DPRK proudly joined the advanced ranks of nuclear weapons states 
possessed of even H-bomb…. the most powerful nuclear deterrent.”14 However, the seismic activity 
generated by the explosion was remarkably similar to the 2009 and 2013 tests. The September 9, 
2016 test was accompanied by the claim that the warhead was standardized, “enabling the DPRK to 
produce at will and as many as it wants a variety of smaller, lighter and diversified nuclear warheads 
of higher strike power… using various fissile materials.”15

The site at Punggye-ri has at least four tunnel entrances. The most recent four tests were conducted 
from a tunnel that leads into Mount Mantap. The granite rock around the underground test site dulls 
seismic readings and makes it difficult to pinpoint accurately the exact location and size of North 
Korea’s nuclear tests.

13  “DOS Attack Crashes Website Monitoring North Korea’s Nuclear Test Site,” Wired, 9 September 2016, <https://
www.wired.com/2016/09/dos-attack-crashes-website-monitoring-north-koreas-nuclear-test-site/>.
14  “DPRK Proves Successful in H-bomb Test,” KCNA, 6 January 2016.
15  “DPRK Succeeds in Nuclear Warhead Explosion Test,” KCNA, 9 September 2016.
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IMAGERY DESCRIPTION & CHALLENGE

Geo4nonpro staff purchased imagery from dates surrounding each of the five nuclear tests at Pyung-
gye-ri. Due to the lack of commercially available high-resolution electro-optical imagery of this site, 
images of the facility on the exact test dates were not available. However, CNS was able to purchase 
DigitalGlobe and Airbus images from a variety of dates before and after tests, including within a few 
hours of the January 6, 2016 test. 

Using this layered imagery, which we updated after the September 2016 test, we asked the crowd to 
compare site activity before and after each test, to identify the purpose of buildings and structures at 
the site, and to look for what, if any, activity might indicate that a test was imminent. 

Crowdsourcing challenge for this site:

 » Flag/identify buildings, roads, tunnel entrances, and security features on the map;

 » Compare the features and track activities before and after each nuclear test; 

 » Are there signatures that indicate a test is imminent?

 » Where will North Korea test next?

CNS EXPERT ANALYSIS

North Korea’s Punggye-ri nuclear test site has changed dramatically over ten years. Though the be-
ginnings of new adits can be seen even in 2006, the largest spoil pile is at the entrance to the tunnel 
where the first nuclear explosion took place. This tunnel was later abandoned in favor of one to the 
north of the support facilities and quadrangle. The quality and health of the vegetation around the 
site declined, and many trails can be seen where logging was done to pull trees down the side of the 
mountain for use as supports in tunnels. 

The main support facilities included administrative buildings, storage, and barracks, a soccer/volley-
ball field set up in a central square, a greenhouse, saw mill, and what may be an armory and shooting 
range near the central area.

There is only one road to the site with several low-profile checkpoints. A fence to the northeast 
belongs to the nearby gulag, and its fence line is kept clear of debris and reinforced where there are 
creeks. The “active” tunnel entrance, along with what may be an armory and shooting range, has 
fencing. Several carts and trucks can be seen from the satellite imagery. This activity, coupled with 
large spoil piles, indicate that tunneling is occurring. 

In 2012, the Punggye-ri test site experienced significant flooding. Flashfloods destroyed bridges and 
roads into the facility. Flooding may have caused damage to the southernmost tunnel, which may be 
why it has never been used.  
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Mount Mantap could host many more and even larger underground explosions.16 In fact, based on 
its terrain, it would be suitable for a thermonuclear test. The Punggye-ri test facility is and will most 
likely remain pivotal to the development of North Korea’s nuclear arsenal.

CROWD ANALYSIS

The crowd was able to identify structures and many of the larger facilities on the site. The crowd 
noticed a lot of activity at the site and pinned many trucks, machinery and personnel. Most analysis 
focused on identifying features and changes on the site over time. Despite imagery covering nearly 
the entirety of Mount Mantap, no one in the crowd bothered to look farther than the support facili-
ties and connected tunnel entrances. 

Figure 11: Distribution of pins on the Punggye-ri imagery. The crowd mostly pinned around 
the known facility.

16  Jeffrey Lewis and Nathan Taylor, “North Korea’s Nuclear Year in Review – And What’s Next,” Nuclear Threat Initia-
tive, 20 December 2016, <http://www.nti.org/analysis/articles/north-koreas-nuclear-year-reviewand-whats-next/> .



- 22 -                                     

Occasional Paper n. 28 v “Geo4nonpro.org: A Geospatial Crowd-Sourcing Platform for WMD...” June 2017

The crowd successfully compared images to determine what was new construction and identify struc-
tures that were meant to be concealed. The crowd was able to identify entrances into underground 
tunnels and locate tunneling and spoil piles. No one identified the new fourth tunnel entrance to the 
northwest. There was one case where two users disagreed about a “tennis court” and had competing pins. 

LESSONS

The crowd dropped many pins and identified major structures when the site was first launched. 
While the crowd was able to identify many major structures such as mining carts and spoil piles, the 
crowd was not as eager to infer the reasons for these developments. 

Dozens of pins were dropped in the first few days of having the site online. Yet newer images, added after the 
fifth nuclear test, did not receive the same vigor. Sending email campaigns greatly affected participation.

MYANMAR DDI FACILITIES

RATIONALE

Myanmar has presented a series of intriguing developments to WMD proliferation analysts over the 
past ten years. From 2009 onward, there were claims of a covert nuclear weapons program in the 
country; additionally, there are frequent allegations of small-scale chemical weapons use and produc-
tion, and Myanmar has been sanctioned by the US government for military ties to the Democratic 
People’s Republic of Korea.17 Crowdsourced satellite imagery analysis has applicability to help provide 
answers to all of these claims.
 
A claim involving Myanmar from 2014 in particular sparked renewed interest in questions about 
WMD proliferation in the country.18 In January 2014, Unity Journal, a local media outlet in Myan-
mar, published photos of a facility in the Pauk township, Myanmar, claiming the site was producing 

17  See, for example, Jeffrey Lewis, “Big Odd Myanmar Box,” Arms Control Wonk, 3 August 2009, <http://www.
armscontrolwonk.com/archive/202407/big-odd-myanmar-box/>; Hamish McDonald, “Revealed: Burma’s nuclear 
bombshell,” The Sydney Morning Herald, 1 August 2009,< http://www.smh.com.au/world/revealed-burmax2019s-nu-
clear-bombshell-20090731-e4fw.html>; “Imagery Brief of Tunnel Complexes and Unidentified Building in Myanmar,” 
Institute for Science and International Security, 3 August 2009,< http://isis-online.org/uploads/isis-reports/documents/
Burma_tunnels_3August2009.pdf>; Jeffrey Lewis, “Does Burma Still Have Nuclear Dreams?” Foreign Policy, 16 Novem-
ber 2012, <http://foreignpolicy.com/2012/11/16/does-burma-still-have-nuclear-dreams/>; Melissa Hanham, “Obama’s 
Historic Visit to Myanmar and the Shadow of North Korea,” 38 North, 8 January 2013, <http://38north.org/2013/01/
mhanham010813/>; Jeffrey Lewis, “Myanmar Rare Earths Stuff,” Arms Control Wonk, 28 November 2012, <http://www.
armscontrolwonk.com/archive/205888/myanmar-rare-earths-stuff/>.
18  Catherine Dill and Jeffrey Lewis, “Suspect Defense Facility in Myanmar,” nonproliferation.org, 9 May 2014, 
<http://www.nonproliferation.org/suspect-defense-facility-in-myanmar/>; Jeffrey Lewis and Catherine Dill, “Myanmar’s 
Unrepentant Arms Czar,” Foreign Policy, 9 May 2014, <http://foreignpolicy.com/2014/05/09/myanmars-unrepen-
tant-arms-czar/>.
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chemical weapons. The allegations came from complaints by displaced villagers whose homes had 
been razed to build the facilities. 

Figure 12: Imagery of razed village. In the left image from 2012, the village of Lebinaing is 
still visible. In the January 2014 image, the village has been razed. Left image © 2014 Micro-
soft Corporation © 2012 Digital Globe. Right image © 2014 Astrium.

The Government of Myanmar denied the allegations, confiscated copies of the article, and detained 
the journalists, claiming instead that the facility was a standard ordnance factory under the Director-
ate of Defense Industries (DDI). Since 2013, the US government has sanctioned the head of DDI, 
Lt. General Thein Htay, for military ties to the DPRK.19 The designation targets Thein for his direct 
role in supporting the DPRK’s arms trade, which is a major funding source for the DPRK’s other 
illicit activities.20

IMAGERY DESCRIPTION & CHALLENGE

In addition to the Pauk facility, DDI has several other facilities that all have a similar footprint as seen 
from overhead imagery. The DDI facilities present a good case for the crowd to identify and analyze 
features at similar facilities. At least five other sites are located in an area along a mountain ridge in 
the Magwe division of central Myanmar like the Pauk site: Ngabyagyi, Sidoktaya, Kanthet, Lebing-
yin, and Padein. Each of the sites share similar configurations, consisting of abnormally large square 
buildings, security perimeters, helipads, and barracks.
 

19  US Department of the Treasury, “Treasury Designates Burmese LT. General Thein Htay, Chief of Directorate of 
Defense Industries,” 2 July 2013, <https://www.treasury.gov/press-center/press-releases/Pages/jl1998.aspx>.
20  While the Myanmarese government has made efforts to abide by United Nations Security Council Resolution 1874, 
which essentially severs ties with the DPRK, the growth of DDI facilities suggest that Thein Htay is still thriving in illicit 
arms trades and development in violation of UN sanctions and international strategic trade control regimes. However, 
since launching this batch of imagery on Geo4nonpro, DDI entities have been removed from the SDN list.
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Figure 13: Sites in Myanmar available on Geo4nonpro.

 
The crowdsourcing challenge for these six sites was to:

 » flag and identify buildings at the sites; 

 » compare features of the four new facilities to the two facilities already discussed; 

 » analyze whether any of the sites might contain a chemical weapons facility, a missile facility, or 
another type of WMD facility; and

 » analyze what other purpose the facilities might serve.
 
Additionally, the research team included layers of Near Infrared Radiation (NIR) spectral bands for 
five of the sites: Pauk, Ngabyagyi, Sidoktaya, Padein, and Lebingyin.21 When processing these spec-
tral bands, it is possible to false-color this type of light in order to see healthy and unhealthy vege-
tation.22 The challenge for the NIR bands was to spot unhealthy vegetation, camouflaged tarps or 
vehicle, and/or burn scars, and analyze what might be the cause of such disturbances.

CNS EXPERT ANALYSIS

This case is interesting in that CNS staff had already partially completed expert analysis in publi-
cations about the Pauk and Padein sites. This information was freely available to the crowd for this 
challenge. The expert analysis found that the four additional sites—Ngabyagyi, Sidoktaya, Kanthet, 
and Lebingyin—share specific features with Pauk visible in overhead imagery, and the expert analysis 
focused on comparing and identifying features.
 

21  An NIR sensor detects wavelengths of light that are not visible to the human eye but nonetheless show characteris-
tics of the landscape. For more information, see Near Infrared Radiation, <http://missionscience.nasa.gov/ems/08_nearin-
fraredwaves.html>.
22  In these images, red denotes healthy vegetation.
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These shared features indicate that the facilities are high-value military facilities. The sites all have 
security fencing (in some areas double perimeter fencing) and security gates on roads leading to the 
facilities, indicating the facilities are of value. The facilities are all located in remote areas away from 
population centers.23 In particular, the facilities are nestled in a long valley which provides them with 
natural cover. New paved roads lead to the facilities. This type of infrastructure is not typical in the 
area where the facilities are located, again indicating that the facilities are valued. Additionally, re-
viewing historical imagery of the locations shows that this region is prone to flooding—the presence 
of paved roads indicates that access to these facilities is a priority. All of the facilities have a helipad 
on site, again indicating that the facilities are of importance and that high-level officials visit them. 
The facilities have housing units, both for individuals in charge of operations and visitors, and for the 
workers at the facilities.
 
Large warehouses of an almost identical design are present at all the facilities. The size of the build-
ings is difficult to overstate: the biggest buildings are located at the Pauk site, the largest of which is 
580 square meters. Visible construction equipment (cranes and vehicles) at the sites indicates that 
additional construction is still occurring at the facilities—the construction timeline of the facilities is 
the same. The available NIR layers show unhealthy vegetation in areas that are under construction, 
which is expected. The sites all have dedicated electricity switchyards present.
 
All of the facilities appear to play some role in manufacturing processes for the military organiza-
tion that oversees them. There are slightly different features at the sites, indicating that they may be 
producing different items or are responsible for different pieces of a supply chain. The arrangement of 
the warehouses and roads is different at all the sites. At the Pauk site, for instance, there are two large 
main buildings that are connected by an underground tunnel. The size of the buildings indicates that 
centralized production could occur at one of the buildings. The smaller of the buildings has good 
road access and truck docks, indicating that it may be a warehouse and distribution center for items 
produced at the larger building. The Pauk buildings in particular have more ventilation infrastructure 
present than others, perhaps for certain chemicals or industrial processes.24 Spacing between build-
ings and the presence of earthen berms at other facilities may indicate production of highly volatile 
materials, perhaps ammunition.
 
The analytic conclusion from reviewing the available overhead imagery is that these facilities are 
high-value military sites involved in the production of military and/or heavy industrial items, possibly 
including industrial chemicals and ammunition. The experts could not conclude from this imagery 
alone whether these were definitively chemical weapons facilities. Ground sampling remains the best 
option for verification. 

CROWD ANALYSIS

Participation in the Myanmar challenge was very low. In this case, the crowd constituted only three 
primary users. Out of the six sites, the crowd only annotated three of the sites—Pauk, Lebingyin, and 
23  In some cases, in particular in the case of Pauk, nearby villages were razed during the construction of the facility.
24  It is not possible to discern from overhead imagery alone without environmental sampling what chemicals are being 
processed at the facilities.
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Ngabyagyi. However, even with this small sample size, the crowd did extraordinarily well in identi-
fying features of interest at the Myanmar facilities and did not miss any important features that the 
experts identified at those three sites.
 

Figure 14: Distribution of crowd pins over the Myanmar sites. Note pins are only present at 
half of the sites.

 
The crowd asked questions for other experts to shed light on the purpose of specific items. With addi-
tional user participation, this type of interaction could potentially yield valuable insights about facilities.
 
The crowd accurately measured the size of the buildings. One user even drew a comparison to illus-
trate the scale of the facilities, noting that a building at the Pauk site is “almost as big as one wing of 
Oak Ridge’s K-25 building.”

The experts made little or no use of the NIR imagery and did not venture into any analysis of the 
site, preferring to pose questions to each other and identify objects instead.  
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LESSONS

The research team expected that the Myanmar facilities would generate participation because of the 
long-standing interest in Myanmar within the WMD nonproliferation community and because of 
the mystery factor surrounding the facilities. As noted above, the commentators that did participate 
were accurate, but several aspects of the site presented problems for the crowd. It is possible that the 
scale and geographic distribution of the facilities increased user friction. 
 
The crowd made few inferences about the purpose of different features. However, this could in part 
be due to the reporting format present in the user interface, which limits the number of characters 
users can input.
 
In this case, the crowd did pose questions soliciting specific expertise about items at the site. Al-
though the response was low, this type of interactive discussion is essential for accurately interpreting 
ambiguous or unfamiliar items in satellite imagery and remote sensing data. For example, members 
of the crowd asked questions about the types of ventilation systems at the facilities and electricity sup-
ply, questions that the experts also sought to understand from other experts in those particular fields.

SINPO SUBMARINE NAVAL SHIPYARD 

RATIONALE

The Sinpo South Naval Shipyard is s  publicly-known site related to North Korea’s SLBM program. 
While the horizontal motor test stand for their solid fuel program is located a few kilometers south of 
Hamhung, the largest concentration of facilities dedicated to producing a functioning SLBM system 
are located on the coast of Sinpo, opposite Mayang Island. This location has been heavily monitored 
by groups who study North Korea, as it hosts the North’s SLBM-capable Gorae-class submarine, has 
both land- and sea-based ejection test stands, and is one of North Korea’s main submarine production 
and maintenance facilities.

The site’s connection to an SLBM program was first publicly assessed in 2014 when an unknown 
class of submarine was spotted in a secure boat basin at the shipyard. In May of the following year, 
North Korea released its first series of images, then video, of an SLBM test. After the May 2015 test, 
North Korea tested the system an additional five times, with many of the tests, if not all, launching 
from waters near the Sinpo facility.

As Sinpo is the center for North Korea’s SLBM development and testing program, researchers wanted 
to see if the crowd could identify various features and changes at the site.
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IMAGERY DESCRIPTION & CHALLENGE

The Sinpo South Naval Shipyard is a coastal facility that is semi-protected from the East Sea by 
Mayang Island, a known submarine production and maintenance facility. The site consists of three 
areas of interest, these being the secure boat basin, a dry dock with construction halls, and a vertical 
ejection test stand. Additional facilities that are connected to the site include a new, larger dry dock 
that is currently under construction to the southwest of the main facility, an additional dry dock to 
the northeast, and the Mayang Island facility, which is home to the most frequent submarine activity.

As the shipyard is located on the coast, conditions at the site can vary from clear skies, which are ideal 
for satellite imagery, to heavy overcast, in which satellite imagery can be rendered useless. The images 
selected for Sinpo were all taken with low or no overcast and taken during various seasons, which 
allowed for site analysis with and without vegetation.

The challenge for this site was to:

 » identify buildings, roads, tunnel entrances, vehicles, and security features at the site; and

 » assess whether there are any signatures that indicate how much North Korea’s submarine/SLBM pro-
gram has advanced. 

CNS EXPERT ANALYSIS

CNS experts were able to identify movement within the secure boat basin, openings in the test tube 
on the sea based ejection test platform, openings in the Gorae-class submarine’s sail for the SLBM 
launch tube, and testing signs at the land-based ejection test stand. A unique outcome resulting from 
the expert analysis was the identification of docking cut-outs near the construction hall. These cut-
outs consist of small rectangular spaces that help facilitate the transfer of vessels into and out of the 
water. Noticing the lack of a ramp that would allow a vessel to move into and out of the construction 
hall, the expert analysis identified a similarly spaced block configuration on floating dry docks seen at 
the site. As this pattern seen on the end of the floating dry docks are equally spaced relative to those 
seen at the construction hall, it was determined that vessels enter and exit the site by rolling onto a 
floating dry dock, which, in turn, is connected to the hall’s platform by the interlocking rectangular plugs.

The construction activity seen to the southwestern of Sinpo also has this rectangular plug configu-
ration. These ports indicate that this structure will most likely serve a similar purpose, allowing for 
floating dry docks to connect with the pier for the loading and unloading of naval vessels.

CROWD ANALYSIS

The crowd analysis of the Sinpo South Naval Shipyard was very thorough. All of the major sites iden-
tified by the expert were mirrored in the crowd’s analysis, with additional attention on the surround-
ing support facilities and structures of cultural importance. These sites include auxiliary dry docks 
and naval construction platforms for shipping and fishing vessels, cultural/propaganda structures and 
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murals that populate most areas in North Korea, defensive anti-air positions, and graves located on a 
hill northeast of the facility.

Figure 15: Distribution of pins on the Sinpo imagery.

One observation seen in the crowds identifications was the assumption that most vessel ramps were 
associated with the SLBM program. While Sinpo is home to North Korea’s SLBM program, it is also 
a coastal fishing city. Many of the ramp structures are related to non-military vessels and pins which 
labeled ramps for submarine use were made with no evidence of a submarine being present in the 
imagery. The detailed analysis of anti-air defenses found northeast of the shipyard overshadowed the 
ramp identification error.

LESSONS

The crowd was able to identify many of the noticeable sites located at the Sinpo South Naval Ship-
yard. From both land- and sea-based ejection platforms to air-defense sites, the only major difference 
between the crowd and expert analysis was the assessment of how certain parts of the sites functioned 
versus individual identifications. Another lesson learned was the crowd’s willingness to connect many 
features of the site to the SLBM/submarine program. As the main focus of the site analysis was to 
identify signs of SLBM-related activity, some crowd identifications over associated  identifiable struc-
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ture with the SLBM program, even when it is not. Trying to convey that idea to the crowd before 
they explore imagery might decrease misidentification to similar sites.

NOVAYA ZEMLYA NUCLEAR TEST SITE

RATIONALE 

In recent years, there has been growing concern that Russia might resume nuclear weapons tests. For-
mer Secretary of Defense William Perry has expressed his concern on a number of occasions, includ-
ing in a New York Times interview in which he states, “I’m confident [the Russians are] working on a 
new bomb. And I’m confident they’re asking for testing. It’s up to Putin.”25

 
The United States has long monitored Russia’s primary remaining nuclear test site on the Arctic 
Archipelago of Novaya Zemlya (Но́вая Земля)́ for signs that Russia might resume nuclear testing. 
Some in the United States also believe that Russia may be conducting so-called hydronuclear tests 
that produce small nuclear yields in violation of Russia’s obligations under the 1996 Comprehensive 
Nuclear Test Ban Treaty (CTBT).
 
A 1996 earthquake in the Kara Sea, for example, led the United States to falsely accuse Russia of 
conducting nuclear tests at the Novaya Zemlya test site. An intelligence panel later determined that 
the event was non-nuclear in nature, but close monitoring of the test site continues to this day. Part 
of the problem is that what was determined to be an earthquake occurred shortly after visible activi-
ties at the Novaya Zemlya test site— activities that some American analysts believed were related to 
nuclear tests. The Russian Federation has denied that its activities are inconsistent with its obligations 
under the CTBT.
 
CNS research staff wanted to see if there was evidence that would confirm Secretary Perry’s concerns 
about a resumption of nuclear explosive testing.

IMAGERY DESCRIPTION & CHALLENGE

The nuclear test site at Novaya Zemlya is extremely large and has been in use for many decades. 
The site stretches over about 300 km. It is littered with the relics of thirty-nine nuclear tests con-
ducted between 1964 and 1992, and there have also been continued activities at the test site, such 
as subcritical nuclear tests.
 
Moreover, because of the high latitude and poor weather, the publicly-available imagery of Novaya 
Zemlya is extremely limited. This posed a major challenge for Geo4nonpro. Ultimately, we tasked 
an Israeli satellite named EROS-B to collect imagery of the site. The satellite struggled to image the 

25  William J. Broad and David E. Sanger, “Race for Latest Class of Nuclear Arms Threatens to Revive Cold War,” The 
New York Times, 16 April 2016, <http://www.nytimes.com/2016/04/17/science/atom-bomb-nuclear-weapons-hgv-arms-
race-russia-china.html>.
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site on a clear day, although eventually a composite image was captured in August 2016. This image 
allowed the project team to provide three main imagery layers: a composite layer of images from 
August 2016, a pair of images from May and July 2015 covering most of the site, and a large image 
from August 2011 for comparison.

The crowdsourcing challenge for this site was to:

 » assess whether Russia is conducting subcritical nuclear tests at the site;

 » assess whether Russia is conducting so-called hydronuclear tests at the site;

 » assess whether Russia is preparing for a return to yield testing of nuclear weapons at the site.

CNS EXPERT ANALYSIS

The CNS expert analysis found evidence that the test site remains very active. In particular, the 
researchers were able to identify both a facility that appears to be for subcritical testing as well as a 
number of adits for nuclear test tunnels that appear to be active. The analytic conclusion is that Rus-
sia is conducting both permitted stockpile stewardship activities that are consistent with its obliga-
tions under the CTBT and also maintaining the ability to resume nuclear explosive testing. In gener-
al, this is consistent with Dr. Perry’s judgment that there may be some pressure to resume testing, but 
that a decision to do so had not been made as of mid-2016.
 
The expert analysis focused on mapping the site. The site has a main support area that provides essential 
services to the base: living and administration areas, an airfield, a dock, and a supply of water and power.
 
Roads lead out of the test site, offering access to adits in two large massifs at the test site. Most adits 
are from the thirty-nine underground nuclear explosions conducted at the site. Some adits are no 
longer visible, particularly following a catastrophic landslide that appears to have occurred in the 
early 1970s. Other adits appear to be under active construction. The experts noted three main finds 
from this facility:
 
First, the main support area of Severny is in the midst of an extremely ambitious renovation. Many 
old buildings have been demolished and new buildings are under construction. The town of Severny 
is also experiencing a substantial renovation, with many structures having been demolished and new 
buildings under construction.
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Figure 16: The town of Severny is experiencing a substantial renovation, with many struc-
tures having been demolished and new buildings under construction.

Second, there is a facility under construction next to a pair of adits, one of which is new as of 2014. 
This facility is relatively close to the main support area. The location close to the support area and the 
relatively large investment in support infrastructure suggest that activities in these tunnels will take 
place over a long period, requiring proximity to living areas and making feasible the relative luxury of 
dedicated support buildings not seen at other test tunnels. The simplest explanation is that Russia is 
building a dedicated facility for nuclear weapons experiments, such as subcritical nuclear tests, com-
parable to the US U1A facility at the Nevada National Security Site.



- 33 -                                     

Occasional Paper n. 28 v “Geo4nonpro.org: A Geospatial Crowd-Sourcing Platform for WMD...” June 2017

 
Figure 17: Russia has constructed what appears to be an underground facility for conduct-
ing subcritical nuclear tests.

Third, a number of nuclear test tunnels appear to be under active construction with growing spoil 
piles. The general view, in light of the dedicated facility under construction for presumed subcritical 
nuclear tests, is that it seems likely that these tunnels exist to provide Russian with the option to re-
sume nuclear explosive testing in the event of a political decision to do so. Another possibility is that 
some tunnels are older and being reopened for some purpose. Images from 2015 and 2016 show that 
Russia is actively constructing tunnels at Novaya Zemlya.

Figure 18: Images from 2015 and 2016 show that Russia is actively constructing tunnels at 
Novaya Zemlya.
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Overall, the experts noted that the test site appears to be active and receiving heavy investment con-
sistent with both a program of stockpile stewardship and a campaign to maintain test site readiness. 
The experts further noted that it is difficult to distinguish between test site readiness and the lead-up 
to a resumption of nuclear testing.

CROWD ANALYSIS

The crowd mapped the entire site, placing pins in all the important items of interest. The pinning 
was done by a relatively small number of people, but it was enough to identify all the major points 
identified by the expert team. 

Figure 19: Distribution of crowd pins on Novaya Zemlya imagery.

Moreover, members of the crowd made identifications and often provided sourced links to historical mate-
rials that shed light on the purpose of the items at the site. This type of behavior was unique to the site. 
 
The crowd did not, by and large, engage in inferential reasoning about the purpose of the items that 
were identified. For example, the crowd identified all the features in Severny that were identified by 
the experts, such as the power plant, water supply, dock, etc., but the crowd did not observe what the 
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CNS expert concluded were a large number of demolished buildings. Overall, what struck the CNS 
expert as dramatic change at Severny did not strike the crowd as noteworthy. Similarly, at the location 
identified by the CNS experts as a possible subcritical testing facility, the crowd identified the tunnels 
and shelters but did not speculate on their purpose.

LESSONS

The crowd excelled with a large, far-flung site like this. The crowd did not miss any important fea-
tures and identified many small locations that the CNS expert had neglected. This is particularly true 
at the new test tunnel, where additional support facilities were located. Overall, the advantage of 
many people looking at a complex was that their identifications were more comprehensive than the 
single CNS expert.
 
The crowd was less likely to comment on the possible significance of certain features compared to the 
expert, who was taken by the large changes underway at Severny and at the adits. The CNS expert 
spent a significant amount of time discussing whether environmental management activities might 
account for some or all of the activity under way. By contrast, the crowd was content to identify fea-
tures without interpreting their significance.
 
In some cases, the relative indifference of the crowd to the possible meaning of the changes under-
way might be seen as a shortcoming. However, this tendency may be useful in many cases, since the 
crowd would arguably be less susceptible to confirmation bias.

SHAHRUD MISSILE TEST FACILITY

RATIONALE

The Shahrud missile test facility came to the public’s attention in 2013 after IHS Jane’s identified 
the site’s construction southeast of the city of Shahrud. The site has been under construction since 
2010 and has seen rapid construction activity, which has now brought it closer to being a functioning 
missile or space launch vehicle test site. One of the main reasons why this site differs from other test 
locations is the lack of acknowledgment of it by the Iranian government.

While Iran has multiple test sites for its road-mobile missile, the Shahrud site has a more formal lay-
out which includes a large entrance gate with fencing, a large 200m x 140m launch pad with mobile 
gantry tower, and an extensive series of support facilities north of the pad. In addition to these facili-
ties, there is an underground complex to the northeast of the pad of an unknown size.

Unlike the Imam Khomeini Space Center, the features of the Shahrud test site indicate a type of 
testing activity that is unique to solid fuel missile development. With Iran only possessing one type of 
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solid fueled missile that would require such an extensive test/launch facility, the construction of this 
site indicates that Iran may be pursuing a larger, more diversified solid fuel program. 

The research team wanted to see if the crowd was able to identify features and movement at the site 
which would more firmly identify the true nature of Shahrud in light of its secrecy.

IMAGERY DESCRIPTION & CHALLENGE

The Shahrud missile test site is roughly 30 square kilometers. It comprises five complexes: the en-
trance complex, a large central complex, a large horizontal checkout building, a launch pad, and an 
additional complex situated partially underground in a crater northeast of the launch pad.

Shahrud is a fairly transparent facility because of the desert-like terrain which is marked by ridges and 
large flat areas where a majority of the construction activity has occurred. The crater to the northeast 
of the launch pad has noticeable roads leading into the hillside, while the area inside the crater is 
marked with long rectangular structures built into the crater’s interior walls.

The challenge with the imagery can be found in the gaps of time between the images. There is con-
siderable construction activity dedicated to building underground tunnels connecting buildings at 
the central complex. The time gaps in the imagery show the start of construction on tunnels and 
attempts to cover them, however less is known about the construction activity between those two 
points. This is also a challenge at the crater complex, which is almost entirely underground, obscuring 
noticeable changes at that complex.

Crowdsourcing challenge for this site:

 » Flag/identify buildings, roads, tunnel entrances, and security features on the map;

 » Look for truck movement at various sites; 

 » Signatures for pending test activity

 » Identify differences between this site and the Imam Khomeini Space Center that indicate ballistic 
missile testing

 » Bonus: finding geo-graffiti (large words written into the landscape)  What do they say and mean

CNS EXPERT ANALYSIS

The expert analysis found that the site is likely for Iran’s solid fuel missile testing program. After no-
ticing the lack of support structures around the pad, which normally would be present at a liquid fuel 
site, questions arose as to the construction status of the facility. After significant construction activity 
elsewhere had been conducted, while the launch pad had remained relatively untouched, it became 
clear that it was either complete or near completion. 
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The central complex at the site contains a series of buildings that have wide access for vehicle entrance 
and exit, with what appears to be a network of tunnels connecting almost all of the buildings at the 
complex. Earthen berms were later added around many of the buildings.  These berms reinforce the 
notion that this site is related to Iran’s solid fuel program as it is a common protective feature seen at 
sites associated with solid fuel activity.

As solid fuel production and testing involves handling and storing extremely volatile substances, it 
would make sense to have relevant complexes spread over a large area, with protective mounds as an 
additional safety layer.  These berms were not seen at Iran’s solid fuel site near the town of Bid Kaneh, 
which after an accident in 2011 left a section of that facility in ruins.  The addition of berms around 
each building might be a lesson learned after the 2011 explosion.

CROWD ANALYSIS

The crowd was able to identify a few major structures and highly observable features at the site. The 
crowd noted the tunnel at the crater complex, possible tunneling at the central complex, the addition 
of larger earthen berms at the central complex, and features at the launch pad like gantry tower, the 
flame trench, and the light poles.

Some pins at the site were of less noticeable features, include small oil spills near areas with heavy 
machinery and trucks and a potential football pitch (although this identification is less clear when the 
large light fixture in the center of the pitch is included in the analysis of this pin’s identification).
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Figure 20: Distribution of crowd pins on the Shahrud imagery. 

One of the most outstanding identifications at this site was that of a potential horizontal test stand 
which was located in the center of the crater complex. After taking a short weekend course on iden-
tifying features found at missile facilities, two MIIS students from the course spent time reviewing 
the Shahrud images and were able to identify a horizontal solid fuel test stand in the crater complex. 
Noting its shape and size, the students caught a noticeable burn scar (or exhaust imprint) opposite 
one of the structures. After review by CNS staff, this feature closely resembles the type of sign one 
would see post-motor test, and it was not noticed until the crowd pointed it out. 

LESSONS

The crowd was able to identify relevant structures at the site that are connected to a missile test 
facility. The most interesting find from the Shahrud site, with regard to utilizing the crowd, was the 
identification of the solid fuel test stand in the crater complex. After they were exposed to a short se-
ries of images presented in an unrelated class, two individuals from the crowd identified an important 
feature that the expert had missed.

With this in mind, while possibly being constrained by the amount of text associated with an iden-
tification pin, the crowd had not added relevant information to the pin with regard to the context of 
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the facility in Iran’s missile program. The expert analysis was able to tie this facility to a previous one 
outside of Tehran which worked on similar projects. This additional information allowed the expert to 
reexamine larger berming activity and pad features with prior knowledge of missile site construction.

To possibly improve crowd identification capabilities in the future, more ground images of related 
structures that would be associated with a missile site could be added. This might however increase 
the risk of crowd misidentification, as it couldy give the crowd the impression that all of the example 
structure provided were at the site, when in fact they might not be.

KORLA MISSILE TEST COMPLEX

RATIONALE

Certain types of facilities lend themselves to satellite imagery analysis better than others; this is partic-
ularly the case for missile sites because of their distinctive features and large footprint. Indeed, missile 
facilities are an ideal challenge for the crowd to analyze. A large missile defense test facility in Western 
China that frequently makes the news with suspected tests proved an excellent candidate. Verifying 
these missile tests using satellite imagery could provide useful information about Chinese anti-satel-
lite and missile defense capabilities. Additionally, satellite imagery of the Korla Missile Test Complex 
can provide useful information about the testing schedule of and progress in the development of 
China’s hit-to-kill missile defense technology.
 
China has conducted several missile defense intercept tests of hit-to-kill (HTK) vehicles from the 
Korla Missile Test Complex.26 According to press reports, China conducted intercept tests on 11 
January 2010, 27 January 2013, 23 July 2014 and 30 October 2015. Each of these tests has furthered 
China’s ballistic missile defense capabilities and possibly China’s anti-satellite technologies.27 Re-
searchers were able to identify and geolocate the Korla Missile Test Complex using social media and 
satellite imagery.28 During tests, intercept vehicles launched from Korla likely target missiles launched 
from the Jiuquan Space Launch Center. Estimates from the Union of Concerned Scientists demon-
strate that successful intercepts are possible between Korla and Jiuquan.29

26  Jeffery Lewis, “Korla Missile Test Complex,” Arms Control Wonk, 14 August 2014, <http://www.armscontrolwonk.
com/archive/207415/korla-missile-test-complex/>. 
27  Catherine Dill, “Korla Missile Test Complex Revisited,” Arms Control Wonk, 26 March 2015, <http://www.arms-
controlwonk.com/archive/605030/the-korla-missile-test-complex-revisited/>.
28  Jeffery Lewis, Korla Missile Test Complex, Arms Control Wonk, 14 August 2014, <http://www.armscontrolwonk.
com/archive/207415/korla-missile-test-complex/>; Jeffery Lewis, “Social Media,” Nuclear Threat Initiative, 1 May 2016, 
<http://www.nti.org/analysis/articles/social-media/>; Global Security, “SC-19 ASAT,” Global Security, 18 November 
2015,< http://www.globalsecurity.org/space/world/china/sc-19-asat.htm>.
29  David Wright, “China’s January 2013 Missile Defense Test,” All Things Nuclear, 26 March 2015, <http://allth-
ingsnuclear.org/dwright/chinas-january-2013-missile-defense-test>.
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IMAGERY DESCRIPTION & CHALLENGE

The imagery for this challenge comprises four layers of available imagery taken near or on the known 
tests dates. The imagery is from 26 December 2009, 27 January 2013, 30 January 2013, and 27 
October 2015.
 
The crowdsourcing challenge for this site was: 

 » to identify any equipment on the launch pads on the days before the known tests; 

 » compare the vehicles and track activities before and after each missile test; 

 » look for any activity on roads leading into the site, noting any vehicles or equipment on the roads; 

 » assess whether a test will be occurring based on features identified in the satellite imagery; 

 » assess how the site has changed over time and what any changes might indicate about the direction of 
China’s missile defense program.

CNS EXPERT ANALYSIS

The Korla complex comprises at least three parts: an administrative area and secure entrance to the facil-
ity, a launch area and instrumentation equipment scattered around the launch area, and a large phased 
array radar. The radar sits approximately 15 kilometers to the north of the main Korla site (unfortunate-
ly, no imagery of the large phased array radar site was available on or near the dates of the tests).
 
Experts focused on identifying any equipment on the launch pads and within the bounds of the facil-
ity on the days before the known tests. The January 2013 imagery lends itself particularly well to this 
task—Korla receives consistent snow in the winter months, and clearing snow for vehicles and other 
movement is immediately visible in satellite imagery. For the January 2013 image, vehicles on the 
roads in the facility are clearly visible. No equipment is on the launch pad, but tire tracks are visible. 
Additionally, shipping containers likely containing monitoring instrumentation are visible at three 
locations around the launch pad and administrative building.
 
The experts observed that, although the October 2015 imagery contains no snow, vehicles at the admin-
istrative area are visible. Additionally, comparing the 2013 and 2015 images yields observations about 
infrastructure improvements made at the site. The temporary instrumentation visible in 2013 has been 
replaced by more permanent instrumentation, likely indicating improved monitoring capabilities.
 
This test facility is connected to a larger base located in the nearby city of Korla. Although the test 
facility appears to be a permanent facility, personnel must travel down from the main base. Therefore, 
the presence of vehicles or other indicators of activity likely indicate improvements to the facility or 
preparations for a future test. In the 2013 imagery, the experts assessed that the high vehicle traffic at 
the facility and the presence of tire tracks on the launch pad do, in fact, indicate test preparations. 
 
From 2009 through 2015, the experts observed continued construction and improvements at the fa-
cility, including increased security in the form of a new security gate, road improvements, permanent 



- 41 -                                     

Occasional Paper n. 28 v “Geo4nonpro.org: A Geospatial Crowd-Sourcing Platform for WMD...” June 2017

installation and enlargement of instrumentation areas, and installation of additional equipment at 
the launch pads. The analytic judgements that follow are that the Korla Missile Test Complex is likely 
becoming a permanent, dedicated facility directing missile defense test efforts in China.

CROWD ANALYSIS

Participation in the Korla Missile Test Complex challenge was extremely low. In this challenge, the 
crowd consisted of only one primary user. However, this crowd of one accurately identified all fea-
tures of interest at the Korla Missile Test Complex and did not miss any important features that the 
experts identified at those three sites, with the exception of a security gate and perimeter fencing 
leading to the facility.
 
The crowd identified significant features such as monitoring instrumentation and vehicle activity but, 
for the most part, the crowd in this case did not provide detailed analysis in the annotations answering 
the questions laid out in the challenge. Exceptions to this are assessments relating to the types of vehicle 
present at the facility. The crowd independently found ground images from promotional materials on 
CCTV and shared them on Twitter to identify specific vehicles and instrumentation that would be used 
during a test, such as a mobile radar trucks. The crowd posed a question for other users about whether 
this type of vehicle contained a radar dish or array, but the question remained unanswered.
 
The crowd in this case, as in others, made few inferences about the purpose of different features, and 
the crowd did not assess whether a test will be occurring or what changes over time at the facility 
indicate about the direction of China’s missile defense program. As noted in an earlier case, this could 
in part be due to the reporting format of the user interface, which limits the number of characters 
users can input.



- 42 -                                     

Occasional Paper n. 28 v “Geo4nonpro.org: A Geospatial Crowd-Sourcing Platform for WMD...” June 2017

Figure 21: Distribution of crowd pins over the Korla imagery.

LESSONS 

There are three main lessons to draw from the Korla Missile Test Complex challenge: first, small 
crowds can provide valuable information; second, seeking additional information can supplement 
analysis of satellite images; and third, myriad and sometimes mysterious factors exist that draw users 
to prefer one site over another.
 
This challenge attracted a crowd of one, who performed analysis at the same level as the experts 
reviewing this challenge. Of course, this will not always (or mostly) be the case for other sites, and the 
smaller the crowd, the more intense vetting and additional confirmation may be needed from experts.
 
This challenge response saw the crowd seeking additional information to confirm judgements made 
in the satellite imagery. Confirming and better understanding features seen in satellite imagery with 
ground imagery is an important analytic process, and one that is particularly useful to crowdsourcing 
verification related to WMD facilities.
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It is difficult to discern the factors which make one site attractive to the crowd. In this case, the facil-
ity has been thoroughly studied in the public domain, perhaps decreasing the incentive of the crowd 
to annotate this imagery over other imagery available on the site that is less well-known. Additionally, 
the news hook for the Korla facility was not quite as timely as for the North Korea challenges on the 
site, for example.

KALININGRAD MISSILE DEPLOYMENTS

RATIONALE

Kaliningrad today is Russian territory, having been ceded by Germany to the Soviet Union following the 
Second World War. In recent years, periodic reports that Russia had deployed the Iskander missile system 
to Kaliningrad have created anxiety, particularly in Poland and the Baltic states. This anxiety stems from 
two factors. First, Russian officials have repeatedly emphasized the role that the 500 km-range, nuclear-ca-
pable Iskander system would play in targeting US missile defense assets in Poland. The United States and 
Poland held a ground-breaking ceremony for the US missile defense site at Redzikowo in May, and the site 
is expected to become operational in 2018. The Iskander deployment allows Russia to target the Redzi-
kowo site, which would have been far harder for the shorter-range SS-21 to reach.
 
Second, the Iskander is believed to be at the center of a dispute between Russia and the United States 
over the 1987 Intermediate-range Nuclear Forces (INF) Treaty. The United States has accused Rus-
sia of testing a ground-launched cruise missile in violation of the INF Treaty. Most Western analysts 
believe that the cruise missile in question is the 9M729, which is intended for the Iskander-K system 
and has a range similar to the 2,500 km associated with Russia’s Kaliber sea-launched cruise missile. 
From Kaliningrad, such a missile could strike targets throughout Western Europe including London, 
Paris and Madrid.
 
In October 2016, Russia moved Iskander-M class missiles to Kaliningrad, a Russian enclave situated 
between Lithuania and Poland. Russian Defense Ministry spokesman Igor Konashenkov claimed that 
these missiles have been deployed for routine training purposes and have been deployed into Kalinin-
grad before. Lithuanian Foreign Minister Linas Linkevičius said in a news briefing that some modi-
fied versions of the Iskander missile have a range of over 700 kilometers, which would put Berlin in 
the range of Kaliningrad.
 
The Geo4nonpro project wanted to test whether the crowd would be able to assess quickly whether 
recent reports that Russia had deployed the Iskander to Kaliningrad were more consistent with a 
training deployment or permanent stationing of the missiles.
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IMAGERY DESCRIPTION & CHALLENGE

In addition to satellite imagery, CNS experts used Russian social media sources, such as VKontakte, 
to identify both the 152nd Guards Missile Brigade in Chernyakhovsk in the Kaliningrad Oblast and 
the Pavenkovo training ground. 
 
The 152nd Guards Missile Brigade is the lone unit in Kaliningrad that operates the OTR-21 Tochka 
(SS-21 Scarab) missile, which the Iskander is replacing throughout the Russian army. Missile training 
appears to largely take place on a training ground several kilometers away, near Pavenkovo.

Figure 22: Social media images used to identify the 152nd Guards Missile Brigade at Cher-
noyakhovsk.

 
Geo4nonpro purchased Airbus imagery of the two sites. The imagery is from October 2016 and has 
a resolution of 50cm. In addition to this imagery, there is additional free imagery available through 
Google Earth, Terra Server, and several mapping applications such as Yandex Maps.

The challenge for this site was to:

 » assess whether this site is for Iskander-M missiles;

 » determine if the activity at the site indicates a permanent or temporary deployment;

 » identify any equipment at the military base;

 » compare the Geo4nonpro images to Google Earth to identify any construction or changes at the site.

CNS EXPERT ANALYSIS

The expert analysis concluded that the satellite images showed definitive evidence that Russia was in 
the process of permanently stationing the Iskander in Kaliningrad.
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The satellite images showed construction at the base with clearly visible “footprints” for buildings. 
This construction was positively identified as matching construction at other bases where the Iskander 
missile replaced the Tochka.

Figure 23: Construction visible at Chernoyakhovsk, Kaliningrad.  

The experts located and analyzed the other known sites where Russia had deployed the Iskander. This 
analysis included identifying the new Russian “tent-mobile shelters” that are the centerpiece of new 
Iskander deployments. In additional to satellite images of the bases, the experts found scale models of 
Iskander sites and photographs of the tent-mobile shelters.

 
Figure 24: Ground images. Left: Tent-mobile shelters for the Iskander at Luga, June 2014 
(Source: Russian Ministry of Defense); Right: A model of the Shuya site, with an Iskander in 
a tent-mobile shelter (Source: Federal Agency for Special Construction).
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Figure 25: Comparison of ground and satellite images. Left: A satellite image from Google 
Earth showing the layout of the shelters at Shuya; Right: A scale model of the Shuya site 
displayed at a defense exhibition.

 
The footprints for the tent-mobile shelters in Chernoyakhovsk, Kaliningrad Oblast are an identical 
match to shelters at other known Iskander bases, particularly in Luga and Shuya.
 
Over the course of the research, the experts found published confirmation from the Russian Defense 
Ministry that tent-mobile shelters were being constructed at Chernoyakhovsk.30 A photograph of one 
of the shelters also appeared online, which the experts were able to positively identify through geolo-
cation as the 152nd Guards Missile Brigade.

 
Figure 26: Ground images of features at Chernoyakhovsk. Left: Image of a tent-mobile shel-
ter under construction in Chernoyakhovsk, Source: Elena Morozova, “Putin’s Chilling 
Missile Base in the Heart of Europe” Daily Mail, December 8, 2016; Right: Street view from 
Yandex Maps showing the location is the same as the footprints in the satellites images of 
the 152nd Guards base.

30  Владимир Мухин, “В Крыму могут появиться ‘Искандеры’,” Независимая газета, 28 October 2016, 
<http://www.ng.ru/politics/2016-10-28/1_6847_crimea.html>
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Overall, the experts have high-confidence that the Iskander is under deployment at Chernoyakhovsk.
 
There was little evidence that the Iskander units had participated in an exercise at Pavenkovo. It is im-
possible to exclude the possibility that an exercise was conducted on the basis of a single image. Given 
the other evidence, however, we deemed the purchase of additional imagery to be unnecessary.
 
As a final note, the experts identified construction of an unusual military facility with some features 
associated with a missile base—although not the Iskander. In particular, the facility is distinguished 
by earth-covered shelters, concrete pads, and roads, which offer gentle turns for vehicles with a wide 
turning radius. The experts were unable to identify the purpose of the facility, but they found it to be 
of considerable interest.

CROWD ANALYSIS

The crowd was able to identify the two locations, as well as the construction at the 152nd Guards 
Missile Base. 
 
In general, the crowd was slow to grasp the significance of the construction. It appears that the cor-
relation between missile deployment and construction is not widely appreciated. CNS research staff 
decided to publish the findings, then let the crowd “red team” the expert findings at Geo4nonpro. 
This was chronologically the last site published by Geo4nonprol in 2016. As such, the crowd had less 
time to analyze and annotate. 

LESSONS

The expert analysis was greatly aided by a long lead time. The expert team had previously identified 
the locations through social media and had been monitoring the sites for construction for some time. 
When the initial reports of an Iskander deployment appeared, the expert team had a well-defined 
set of signatures that could be used to assess whether the deployment was more likely a temporary 
deployment for training or the permanent stationing of the Iskander.
 
The crowd did not have this same lead time, except for one expert who preferred to communicate by 
email, rather than drop pins. Although the experts had not conducted significant research on tent-mo-
bile shelters, once the footprints were evident, they were able to quickly build an order of battle for the 
entire Iskander force, geolocate the units, and confirm that the construction at the base matched con-
struction at previous Iskander bases. The crowd did not make that particular leap, noting the evidence 
of construction but without taking the additional step to make a comparison to previous Iskander sites.
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KEY FINDINGS 

PARTICIPATION

In general, CNS is very pleased with participation in Geo4nonpro. There are clearly core members 
who participate more than others. There are several “big names” that signed up and only participated 
anonymously if at all. Some users, like imagery analyst Allison Puccioni chose not to use their names. 
Others found the interface too difficult to contend with. Still more interesting were a few hobbyists 
and unknowns who were not part of the initial invitation but meticulously documented and sourced 
their finds. Steffan Watkins (who identified himself with his entire email address) went so far as to 
compare Geo4nonpro imagery with other freely available imagery on HERE Maps, which is exactly 
what an analyst at CNS would do. 

From the beginning of this project, the research team at CNS attempted to choose both sites that 
were topical and trending in the news and those that were not. Less well-known sites, such as Korla, 
did not receive as much attention.  However, Geo4nonpro has established a core group of experts 
who pin most sites after each email campaign. 

Geo4nonpro’s Flashissue email reports indicate that each email campaign to announce new imagery 
had a wide range of opens and clicks. These opens and clicks did not necessarily correspond to sites 
on which there was active reporting. For example, the Sinpo email was clicked fifty-nine times, while 
the Punggye-ri site was clicked just twenty-two times. Despite the number of clicks and opens on the 
email, the Punggye-ri site still hosted a large number of pins. This means that people are discovering 
the site from news, by word-of-mouth, via Twitter, or through other sources. 

The crowd was generally more willing to pin and analyze sites that were in the news. The sites with 
the highest number of pins were those that detailed places and WMD programs that were already 
widely in the public view. The implications of this are in line with contemporary thinking on crowd-
sourcing—people are more willing to engage with issues that are familiar to them or have direct 
relevance to their lives. Additionally, Geo4nonpro got more public recognition and engagement when 
we added imagery and analyzed sites in the news, such as Kaliningrad. 

The crowd was not overwhelmingly analytical in their work. Individuals mostly chose to identify objects 
rather than to determine what they meant, assist each other, or derive meaning. It is possible that, with 
a tweaked design and increased social media contact, CNS could solicit more opinions from the crowd. 
That being said, the site traffic statistics suggest that most people are just coming to look at what the 
experts are pinning. Another approach would be for CNS to engage directly with the crowd by pinning 
ourselves. We would become part of the crowd, rather than a red-team for the crowd. 
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LIMITATIONS OF THE WEB INTERFACE

GeoServer, an open-source geospatial software server, hosts all of Geo4nonpro’s maps and provides 
the mechanism for users to annotate imagery layers. Site members often experienced difficulty 
logging in, accessing imagery on the geoserver, dropping pins and measuring objects. Issues were 
compounded because site members had multiple steps for authentication. While necessary under the 
current build, it is inconvenient and increases user friction. The measuring tool is particularly prob-
lematic because, once selected, it is difficult to hide. In short, the web interface had higher friction 
than initially anticipated and may have contributed to reduce user interaction with the site.

MISINFORMATION & INCORRECT INFORMATION

CNS expected to encounter misinformation during the course of the project, but there was no evi-
dence of it. There were a few occasions where a member of the crowd was wrong or disagreed with 
another member of the crowd, but no evidence of active misinformation. Overwhelmingly, the crowd 
was accurate with its pins, if not deeply analytical. 

When selecting experts for the crowd, CNS chose a broad cross-section of expertise. Some experts 
in the crowd had specific imagery analysis skills and many others had regional or technical skills. 
Despite this effort, many members of the originally-invited 526 participants expressed the opinion 
they were not “qualified” to do imagery interpretation. It is likely that CNS needs to focus on more 
outreach to correct this misinterpretation or do away with the phrase “expert” altogether. CNS can 
also spend more time engaging users on basic imagery analysis techniques. In 2017, CNS will publish 
a short online module on imagery analysis for the Skoll Foundation, and it may pair nicely with the 
Geo4nonpro website. 

NEXT STEPS

IMPROVED INTERFACE

Version 1.0 of Geo4nonpro proved to be an innovative yet cumbersome interface. CNS received 
overwhelming praise for the concept of Geo4nonpro; however, the design needs an improved user 
experience. Friction and bugs prevented the crowd from easily engaging with the satellite imagery 
and may have deterred some users from participating at all. 

With the knowledge and contacts made in 2016, CNS is planning to design an enhanced user inter-
face that significantly reduces the friction of viewing and annotating the satellite imagery in the hopes 
of maximizing user participation. Melissa Hanham has reached out to a series of web developers, 
companies, and design schools with GIS experience to work on the project.
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Planet has offered to provide free imagery in 2017. CNS is also hoping to procure Synthetic Aperture 
Radar data. We are eager to try to incorporate more sensor types into the design, in addition to mak-
ing it an easier experience. In addition, the research team would like to build in a two-step authenti-
cation that would appear as only one password and login for 2017. 

GATHERING MORE USER DATA

The initial year of Geo4nonpro focused on establishing the platform and process for the project. A 
more nuanced and systematic understanding of the demographics of the crowd will yield valuable 
information about what motivates the crowd, as well as provide insights into potential confirmation 
biases that exist within the crowd. In order to collect demographic information from crowd, CNS 
will need to submit the project to the Middlebury College Institutional Review Board (IRB). The 
IRB will provide guidance on what kind and what degree of demographic information CNS can in-
clude in its analysis of the crowd. Types of additional data that CNS would like to collect in the next 
iteration of the project include occupation, gender, nationality, age, location, etc. 

TRAINING ALGORITHMS 

Satellite imagery analysis is a field ripe for the application of machine learning.31 The user comments 
generated through crowdsourcing could be incorporated into machine-learning training algorithms 
specific to WMD-related sites. User-generated data conceivably could help with automatic change 
detection in satellite imagery or in the validation of future claims surrounding features present in 
satellite imagery. 

31  Carnegie Mellon is leading one of the main projects in this domain. For example, see <http://www.terrapattern.com/>
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