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Abstract

This technical report summarizes the GLOBE Observer dataset from 1 April 2016 to 1 December 2019. GLOBE Observer is

an ongoing NASA-sponsored international citizen science project that is part of the Global Learning & Observations to Benefit

the Environment (GLOBE) Program. GLOBE Observer is the largest citizen science project in the Earth Science Division at

NASA. Participants use the GLOBE Observer mobile app (launched in 2016) to collect atmospheric, hydrologic, and terrestrial

observations. 38,000 participants have contributed 320,000 observations worldwide, including 1,000,000 geotagged photographs.

It would take an individual more than 13 years to replicate this effort. Comparing the same data types between the GLOBE

Observer app and the formal GLOBE Program, the app doubled data volume and substantially increased geographic coverage

over the study period. GLOBE Observer data are publicly available at observer.globe.gov.
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Key Points 35 

 GLOBE Observer is a mobile app from NASA used worldwide by citizen scientists to 36 

collect Earth system observations. 37 

 38,000 participants have submitted 320,000 observations – including 1,000,000 38 

geotagged photographs – from all seven continents.   39 

 It would take an individual more than 13 years to replicate the same sampling effort. 40 

Plain language summary 41 

mailto:helen.m.amos@nasa.gov
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GLOBE Observer is a NASA citizen science app that gives anyone with a smartphone or 42 

table the opportunity to share what they see in the sky and on the landscape around them. 43 

GLOBE Observer is available for free from Google Play and the Apple App Store. Since 2016, 44 

tens of thousands of people around the world have taken hundreds of thousands of observations. 45 

An individual scientist would have to work non-stop for more than 13 years to make the same 46 

number of observations. All of the data sent through GLOBE Observer goes into a worldwide 47 

database that’s made freely available to everyone at observer.globe.gov. This article describes 48 

how the GLOBE Observer app works and shows what three years of data look like.  49 

 50 
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This technical report summarizes the GLOBE Observer dataset from 1 April 2016 to 1 65 

December 2019. GLOBE Observer is an ongoing NASA-sponsored international citizen science 66 

project that is part of the Global Learning & Observations to Benefit the Environment (GLOBE) 67 

Program. GLOBE Observer is the largest citizen science project in the Earth Science Division at 68 

NASA. Participants use the GLOBE Observer mobile app (launched in 2016) to collect 69 

atmospheric, hydrologic, and terrestrial observations. 38,000 participants have contributed 70 

320,000 observations worldwide, including 1,000,000 geotagged photographs. It would take an 71 

individual more than 13 years to replicate this effort. Comparing the same data types between the 72 

GLOBE Observer app and the formal GLOBE Program, the app doubled data volume and 73 

substantially increased geographic coverage over the study period. GLOBE Observer data are 74 

publicly available at observer.globe.gov. 75 

 76 

 77 

 78 

 79 

 80 

 81 

 82 

 83 

 84 

 85 

 86 

1. Introduction 87 

https://observer.gloe.gov/
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The Global Learning and Observations to Benefit the Environment (GLOBE) Program is 88 

an international science and education program that launched in 1995 (globe.gov) (Berglund, 89 

1999; Finarelli, 1998; Means, 1998; Muller et al., 2015; Nugent, 2018; Rock et al., 1997) 90 

GLOBE Observer is a NASA-funded citizen science project that is part of the GLOBE Program 91 

(observer.globe.gov). The NASA GLOBE Observer mobile app was launched in 2016 and was 92 

created to broaden the opportunities for the general public to contribute to GLOBE as citizen 93 

scientists and increase the spatiotemporal density of observations. Through the GLOBE Observer 94 

app, participants in GLOBE countries (globe.gov/globe-community/community-map) can 95 

contribute ground-based atmospheric, terrestrial, and hydrologic observations complementing 96 

NASA’s suite of airborne and spaceborne observing platforms. Previous publications have 97 

analyzed subsets of GLOBE Observer data associated with specific sampling events (Aïkpon et 98 

al., 2019; Colón Robles et al., 2020; Dodson et al., 2019). This paper presents the first summary 99 

and analysis of the 2016-2019 GLOBE Observer citizen science dataset and discusses areas for 100 

future improvement.  101 

 102 

2. GLOBE Observer mobile app 103 

The GLOBE Observer (GO) app is a NASA-funded citizen science app available free-of-cost 104 

in the Apple App Store and Google Play Store (observer.globe.gov/get-the-app). The GO app 105 

was designed as a tool for the general public to collect and submit data without extensive training 106 

or external equipment. The app is written in Javascript, HTML, and CSS, utilizes the AngularJS 107 

framework, and is built using Apache Cordova for deployment to multiple platforms (i.e., iOS 108 

and Android). GO observations are publicly available at observer.globe.gov. GLOBE has built 109 

free on-line tools to visualize the data on a world map and download as a zipped keyhole markup 110 

https://www.globe.gov/
https://observer.globe.gov/
https://www.globe.gov/globe-community/community-map
https://observer.globe.gov/about/get-the-app
https://www.observer.globe.gov/
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language (kmz) file (vis.globe.gov), retrieve data as a comma separated value (csv) file 111 

(datasearch.globe.gov), and an application programming interface (API) to facilitate automated 112 

or command line data queries (api.globe.gov/search/). 113 

The GO app currently accepts observations of clouds, mosquito breeding habitats, land 114 

cover, and tree heights. There is also a temporary tool for solar eclipses, which was activated in 115 

the app for a limited time for the 2017 North American solar eclipse (Dodson et al., 2019) and 116 

again for the 2019 South American solar eclipse (GLOBE Observer, 2019). For every 117 

observation, date, time, latitude, and longitude are automatically recorded from the internal clock 118 

and GPS receiver of the participant’s device. Participants answer a series of six yes/no questions 119 

about surface conditions that affect satellite retrievals (e.g., presence of snow or ice on the 120 

ground), then photograph and classify what they see (e.g., cloud type). Additional detail about 121 

the tools in the app are in GLOBE (2019a). Figure 1 shows a schematic of the app flow.  122 

Participants can opt-in to notifications on their device when certain cloud-observing satellites 123 

(Aqua, Terra, and CALIPSO) are flying over their location. Participants who make a cloud 124 

observation within 15 minutes of a satellite overpass, and who have opted-in to receive emails, 125 

receive a personalized email with their cloud observation alongside the satellite observation. The 126 

satellite matching is performed by a team at NASA Langley Research Center and also includes 127 

matching to geostationary satellites: GOES, Meteosat, and Himawari. A description of the 128 

satellite matching process is given in Colón Robles et al. (2019). Between 1 January 2017 and 1 129 

December 2019, 203,000 GO cloud observations have been matched to satellite observations. 130 

GLOBE clouds data with satellite matches for 2017-2019 is publicly available 131 

(observer.globe.gov/get-data/cloud-data).  132 

3. GLOBE Observer data: 2016-2019 133 

https://vis.globe.gov/GLOBE/
https://datasearch.globe.gov/
https://api.globe.gov/search/
https://observer.globe.gov/get-data/cloud-data
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Figures 2 and 3 show the geographic coverage of observations made using the app. As 134 

of December 2019, 170,000 users have created accounts on the app, and 38,000 users have 135 

submitted 320,000 observations from all seven continents. Assuming (1) it takes a participant 136 

five minutes to go outside, find a suitable sampling location, and complete an observation with 137 

the GLOBE Observer app and (2) an average work year has 2000 hours, it would take an 138 

individual person 13 work years and 5 months to collect the same number of observations. That 139 

is equivalent to more than $1 million (USD) in salary paid to a PhD-level scientist, assuming a 140 

GS-12 step 1 pay grade for fiscal year 2019 (opm.gov), and does not include the cost of sampling 141 

equipment or the extensive travel it would require to visit the same locations. 142 

Figure 2 contrasts the spatial distribution of observations submitted through the GLOBE 143 

Observer app and through the traditional GLOBE channels. The app has increased the 144 

geographic coverage of GLOBE observations. Some geographic gaps in the coverage exist and 145 

will persist in countries which are not participating GLOBE countries. Similar to other 146 

international citizen science projects, North America and Europe are the most intensely observed 147 

regions (e.g., iNaturalist; Chandler et al. (2017)). Notable increases in geographic coverage 148 

enabled by the app include India, west Africa, South America, and Australia. 149 

Figure 3 shows locations of observations from each app tool individually. Each tool was 150 

introduced to the app at a different time. In total, participants have submitted 290,000 cloud 151 

observations (since April 2016), 19,000 mosquito habitat observations (since May 2017), 8,400 152 

land cover observations (since September 2018), and 9,500 tree height observations (since March 153 

2019). For comparison, 350,000 cloud, 1,500 land cover, and 3,000 tree height observations have 154 

been collected and submitted to GLOBE over the same time periods through traditional methods 155 

that do not use the GLOBE Observer app. GLOBE formerly supported a pen-and-paper version 156 

https://www.opm.gov/policy-data-oversight/pay-leave/salaries-wages/salary-tables/pdf/2019/DCB.pdf


 7 

of a mosquito larva observation protocol that is now inactive; 1100 observations were submitted 157 

between 4 October 2015 and 9 August 2019.  158 

The geographic variability in data coverage among the different app tools illustrated in 159 

Figure 3 is multi-factorial. The success of a tool in the app is connected in part to the size of the 160 

active GLOBE community prior to a tool’s launch in the app. For example, GLOBE schools 161 

submitted 87,000 cloud observations in the 12 months prior to the launch of the cloud tool in the 162 

app, versus only 1,100 land cover observations submitted in the 12 months prior to the launch of 163 

land cover in the app. The difference in activity level seen in traditional GLOBE persists with the 164 

app; 35x more cloud observations than land cover observations have been submitted through the 165 

app. Another factor driving app activity is internal data collection campaigns, such as the three-166 

year (2018-2021) Trees around the GLOBE campaign (GLOBE, 2020). To illustrate this point, 167 

the tree height tool in the app has been available for half the time of the land cover tool, but tree 168 

heights observations are submitted through the app at twice the rate (1400 tree height 169 

observations per month versus 650 land cover observations per month, on average). In Figure 3, 170 

there are also notable examples on the map of externally-driven data collection in Australia 171 

(Australian Scouts), the Arctic, and the Southern Ocean (Polar Collective, polarcollective.org; 172 

(Colón Robles et al., 2018)). GLOBE trainings are third influential factor. In Figure 3, a striking 173 

example of the mark of GLOBE trainings are the hotspots of mosquito observations in Thailand 174 

(GLOBE, 2019b), Benin (Aïkpon et al., 2019), and Brazil (mosquito.strategies.org), where 175 

extensive trainings took place as a result of a US State Department initiative.  176 

The Clouds tool drawing in an order of magnitude more observations merits further 177 

discussion here. Cloud observations are more numerous and ubiquitous in part simply because 178 

the clouds tool has been in the app longest (2.75 years versus 7 months for the trees tool). Clouds 179 

http://www.polarcollective.org/projects/
https://mosquito.strategies.org/index.php/en/
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are also a more ubiquitous natural phenomena that change on the order of hours (versus seasonal 180 

timescales of change for land cover), providing more opportunities to observe. Other important 181 

contributing factors include the well-organized volunteer base and outreach materials GLOBE 182 

inherited from the NASA Students’ Cloud Observations On-Line (S’COOL) project, which 183 

seeded a community of GLOBE teachers collecting clouds data before the app launched 184 

(Chambers et al., 2017; Chambers et al., 2003). Within the app, Clouds is currently the only tool 185 

participants can opt-in to receive notifications of NASA satellite flyovers to their phone and have 186 

their satellite matches emailed to them (Colón Robles et al., 2019).  187 

Figure 4 shows the number of observations submitted per day through the GLOBE 188 

Observer app. Large, organized outreach efforts can have a demonstrable impact on data volume 189 

and spatiotemporal coverage, such as in the cases of the 2017 North American total solar eclipse 190 

(Dodson et al., 2019; Rahman et al., 2019; Weaver et al., 2019) and the 2018 GLOBE Spring 191 

Cloud Challenge (Colón Robles et al., 2020; Hayden et al., 2019). Not all outreach efforts 192 

produce similar increases in data. A recent example is the 2019 South American solar eclipse 193 

(GLOBE Observer, 2019). The absence of a significant effect may be attributable to lack of 194 

concurrent NASA promotion (e.g., the 2017 solar eclipse was bolstered by NASA-wide 195 

promotion), geographic domain of the eclipse transit, and historically lower user engagement in 196 

the region. By most metrics, the 2018 Cloud Challenge has outperformed all other outreach 197 

events and is closely examined in Colón Robles et al. (2020). In one month, the 2018 Spring 198 

Cloud Challenge brought in 56,000 observations and attracted data submissions from 5800 new, 199 

unique app users.  The GLOBE Program as a whole has experienced a sustained increase in daily 200 

submissions since. App users during the 2018 Spring Cloud Challenge used the app in a unique 201 

way and reported wildfire smoke, extreme haze, and dust storms affecting their areas, with 202 
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photographs of these phenomena. In 2019, a Fall Cloud Challenge was organized (15 October 203 

2019 – 15 November 2019) promoting sky observations like those unique reports of smoke, 204 

haze, and dust storms with a guide on how to enter them on the app (Colón Robles, 2019). The 205 

2019 Fall Cloud Challenge, with little media promotion compared to the 2018 Spring Cloud 206 

Challenge, still resulted in over 45,000 observations in 93 countries and attracted data 207 

submissions from 2100 new, unique app users.  208 

Figure 5 shows the diurnal distribution of submissions coming through the GLOBE 209 

Observer app. Cloud observation submissions are the dominant driver. The peak around 210 

11:00UTC is driven by participation in Europe.  The peak around 18:00 UTC is driven by North 211 

America and coincides with (1) timing of GLOBE Observer social media posts and (2) Aqua 212 

flyovers on the East Coast of the United States. In contrast, traditional data submissions from 213 

GLOBE peak between 9:00-11:00 UTC and the unimodal distribution is skewed towards the 214 

school day in the Middle East. Prior to 2016 and the app, GLOBE suggested cloud observations 215 

be done at local solar noon and many traditional GLOBE schools continue this today. The Saudi 216 

Kingdom does not currently support use of the GLOBE Observer app, but very actively 217 

contributes cloud observations through traditional GLOBE channels.  218 

Photographs, while qualitative, are a valuable asset to the GLOBE database because they 219 

provide visual evidence of reported phenomena (e.g., landslides, haboobs, Aedes aegypti 220 

mosquito larvae) that can be independently verified by data end-users. Here the considerable 221 

benefit the GLOBE Observer app brings to the GLOBE Program is the ubiquity of built-in 222 

cameras in modern smartphones. Participants have contributed 1,000,000 geotagged photos with 223 

the GLOBE Observer app between 1 April 2016 and 1 December 2019, compared to 100,000 224 

photos from traditional GLOBE during the same period. GLOBE Observer photos include 225 
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940,000 cloud photos; 45,000 land cover photos; 8200 tree photos; 15,000 photos of aquatic 226 

mosquito habitats and 5800 photos of mosquito larvae.   227 

Figure 6 shows the percentage of participants who submit cloud or land cover photos. 228 

Cloud and land cover are used for comparison here because they both include the same six 229 

standard photos (north, south, east, west, up, down). Taking photographs is optional for 230 

participants, but strongly encouraged. The app’s design has evolved to encourage a greater 231 

percentage of participants to take photos with their observation. In the Clouds tool (released in 232 

2017), participants classify cloud types and then take photographs. For clouds, 41% of cloud 233 

observations include all six photos and 77% include at least one photo. In the Land Cover tool 234 

(released in 2018), the app’s flow was reversed so that participants take photographs first and 235 

then classify land cover types. As a result, 80% of land cover observations include all six photos 236 

and 95% include at least one. In both cases of clouds and land cover, we find participants are 237 

most likely to omit the down photo (i.e., looking straight at the ground). The reason for the 238 

systematic omission is not entirely understood. A modification to the app may remedy the issue 239 

(e.g., pop-up message when the down photo is omitted). 240 

 241 

 242 

 243 

4. Data quality and limitations 244 

Figure 7 shows the percent of observations submitted through the app flagged by quality 245 

checks. The system of quality flags presented here was developed and piloted in summer 2019 246 

and has not yet transitioned to be operational. The flags are an adaptation of Foody et al. (2017), 247 

which is an adaptation of ISO 19157 Standard Quality Measures, and of traditional GLOBE 248 
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range and logic checks (GLOBE, 2019a). The suite of flags check for logical consistency, 249 

temporal quality, and geospatial quality. Between April 2016 and December 2019, we find 7.8% 250 

of all GLOBE Observer app observations were flagged compared to 13% of observations 251 

submitted through traditional GLOBE channels. Of the total flagged observations, more than half 252 

are flagged for potentially being over water. In most cases, a participant is recording an 253 

observation on a ship (clouds only) or at a coastline.  254 

The set of flags HC, OD, OP, OR, or OX (see Figure 7 caption for definitions) checks 255 

for logical consistency around reports of haze or other obscurations in the sky. These results are 256 

consistent with anecdotal participant feedback that it is confusing in the app how to correctly 257 

report the presence of haze, smoke, and dust. The flag set MR and NR checks reported mosquito 258 

larvae and contrail counts for unexpectedly large values (e.g., mosquito larvae count = 259 

1,000,000). ER checks that the reported elevation is between 6000 m and -300 m (GLOBE, 260 

2019a). Observations flagged ER were measured over the ocean where a negative elevation is 261 

returned reflecting the ocean bathymetry. Data consumers are advised to use caution with such 262 

flagged data in statistical analyses. For both sets of flags, modest revisions of the app’s design 263 

could potentially remedy the data quality issue.  264 

The most commonly triggered flag, “LW”,  checks if an observation might be reported 265 

over ocean and is intended to alert data consumers to potentially erroneous locations. Here we 266 

use Cartopy’s 50-m resolution earth geometry for the land/ocean mask. In the app, a participant’s 267 

location is automatically displayed on a map using the mobile device’s GPS, but a participant 268 

may manually re-locate their position marker on the map. Most of the flagged observations are 269 

taken along a coastline or are cloud observations reported aboard a ship (see The Polar 270 

Collective in Section 3). A small number (<0.05%) of tree, land cover, and mosquito 271 
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observations over open ocean appear truly erroneous. This may be due to location “spoofing” by 272 

a participant to obscure their location (Zhao & Sui, 2017), or reported performance issues with 273 

the app’s map function when a participant is in offline mode (i.e., without cellular or wifi signal).  274 

A limitation of GO data not captured in Figure 7 is unclassified observations. Classifying 275 

cloud type, land cover type, or mosquito genus is optional in the app. If a participant chooses not 276 

to perform classifications, any photos submitted will be missing detailed identifying labels/tags 277 

and therefore of limited searchability. Cloud type is classified only 68% of the time, land cover 278 

type 43%, and mosquito genus only 14%.   279 

 280 

5. Lessons Learned  281 

 Several lessons have been learned about participant photos. Outreach messaging coming from GLOBE Observer has predominantly aimed at encouraging participants to complete the classification steps in the app (i.e., classify cloud type, land cover type, or mosquito genus). However, it is evident in the available data that 282 

a majority of participants will take photos and a much smaller percentage will complete the in-283 

app classification. End-users of the data have expressed a strong preference for observations that 284 

include photos. A mechanism for scientists to ask participants to take photos at a particular time, 285 

location, phone orientation, or of a particular phenomenon is highly requested. Taken together, 286 

this suggests outreach messaging and in-app user experience should pivot and optimize for 287 

targeted data collection photo-taking. Photo labeling could be crowdsourced on a platform like 288 

Zooniverse to assemble a training dataset for AI-assisted image classification (e.g., (Fortson et 289 

al., 2018); Willi et al. (2019)). AI-assisted image classification could facilitate rapid in-app 290 

feedback to participants and would increase the information content available for research. Early 291 

work using Amazon’s Rekognition
TM

 AI software is in progress by the GLOBE Data 292 

Information Systems (DIS) team. 293 
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 Cloud satellite matching is popular with participants and is being leveraged in research to 294 

a greater extent than any data product (Ault et al., 2006; Chambers et al., 2017; Colón Robles et 295 

al., 2020; Dodson et al., 2019). Satellite matching is performed by a team at NASA Langley 296 

Research Center with the goal of combining ground-based and space-borne perspectives to 297 

increase the amount of information about a single cloud scene. The analysis here adds to the 298 

growing body of evidence supporting the value of satellite matching. Since 2017, 203,000 299 

observations have been matched to Aqua, Terra, CALIPSO, GOES, Himawari, and Meteosat 300 

satellite retrievals. We find here that the GLOBE Observer dataset contains two orders of 301 

magnitude more cloud observations than any other type of observation. We also find satellite 302 

overpasses contribute to peak submission times over the course of a day. This suggests that the 303 

expansion of satellite matching to the mosquito (GPM – Global Precipitation Mission), land 304 

cover (MODIS/Landsat), and tree height (ICESat-2) tools in the app could be a worthwhile 305 

investment for the GLOBE Observer project team.  The satellite matching component has been 306 

an effective way to engage citizen scientists with larger NASA missions and provides co-located, 307 

independent data that can be leveraged in research.   308 

 309 

6. Conclusions 310 

 GLOBE Observer is a NASA-sponsored international citizen science project 311 

(observer.globe.gov) that is part of the Global Learning & Observations to Benefit the 312 

Environment (GLOBE) Program founded in 1995 (globe.gov). This article presents the first 313 

summary of the GLOBE Observer dataset. GLOBE Observer launched a mobile app in 2016 for 314 

Android and iPhone devices that anyone in a participating GLOBE country can use to make 315 

https://observer.globe.gov/
https://globe.gov/
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observations (including photographs) of cloud cover and cloud type, mosquito breeding sites and 316 

mosquito species, land cover type, and tree height.  317 

 Between 1 April 2016 and 1 December 2019, 38,000 participants have submitted 290,000 318 

cloud, 19,000 mosquito, 8400 land cover, and 9500 tree observations spanning all seven 319 

continents. This represents as 1.91-fold increase in data volume in the GLOBE Program’s 320 

database for these four protocols over the period of April 2016-December 2019 and a substantial 321 

expansion in geographic coverage. The majority of observations are submitted from Europe and 322 

North America between the hours of 11:00-18:00 UTC. About half as many GLOBE Observer 323 

observations (7.8%) as traditional GLOBE observations (13%) are flagged for quality; in both 324 

cases, the most likely reason for an observation to be flagged is for the location potentially being 325 

over water. GLOBE Observer data are made publicly available for everyone 326 

(observer.globe.gov) and offer a novel ground-based dataset to augment space-borne, air-borne, 327 

and in situ Earth observations. Analysis of the data here suggest the satellite matching for clouds 328 

is a notably successful feature. The data suggest expansion of satellite matching to the land 329 

cover, mosquitoes, and tree app tools; and optimization for targeted photo-taking could be 330 

productive avenues of development.   331 
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 513 
Figure 1.  General components of the NASA GLOBE Observer mobile app. The flow of the app 514 

is from left to right, beginning with the participant choosing the kind of observation they wish to 515 

make. Cloud and land cover photos are taken in four cardinal directions, plus up (sky) and down 516 

(ground) as depicted. For tree height, the observation includes a single photograph of the tree. 517 

For mosquitoes, the observation can include photographs of the habitat (e.g., discarded tire) and 518 

multiple photos of the larva’s head, abdomen, and/or full body.  519 
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 548 

 549 
Figure 2. Heatmap of observations submitted via the NASA GLOBE Observer mobile app (top) 550 

and traditional channels of GLOBE (bottom) from 1 April 2016 to 1 December 2019. Includes 551 

observations from the GLOBE Observer Clouds, Mosquito Habitat Mapper, Land Cover, and 552 

Trees tools and equivalent GLOBE protocols.  553 
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 570 
Figure 3. Location of observations made using the NASA GLOBE Observer mobile app from 1 571 

April 2016 to 1 December 2019.  572 
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Figure 4. Timeseries of observations made with the NASA GLOBE Observer mobile app from 1 595 

April 2016 to 1 December 2019. Includes observations from the GLOBE Observer Clouds, 596 

Mosquito Habitat Mapper, Land Cover, and Trees tools. The y-axis is cut off at 3000 597 

observations per day, but on the day of the 2017 North American Total Solar Eclipse more than 598 

18,000 observations were submitted with the GLOBE Observer app.  599 
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 622 
Figure 5. Diurnal frequency of data submissions through the GLOBE Observer mobile app. 623 

Includes observations from the GLOBE Observer Clouds, Mosquito Habitat Mapper, Land 624 

Cover, and Trees tools during the period 1 April 2016 to 1 December 2019.  625 
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 641 
Figure 6. Number and direction of photos submitted with GLOBE Observer clouds and land 642 

cover observations between 1 April 2016 and 1 December 2019.   643 
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 659 
Figure 7.  Total number (top) and percent (bottom) of flagged GLOBE Observer observations 660 

between 1 April 2016 and 1 December 2019. CX = cloud cover is blank (clouds only); DZ = 661 

datetime is 00:00:00 UTC; ER = elevation out of range; LW = location may be over water; MR 662 

= mosquito count is outside expected range [0, 199] (mosquitoes only); NR = total number of 663 

contrails is outside expected range [0, 19] (clouds only); OP = sea spray reported over land 664 

(clouds only); OR = three or more obscuration types reported; OX = sky reported as obscured, 665 

but no obscuration type selected (clouds only).   666 
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