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Summary: This paper details the preliminary outcome of aesle using GIS techniques and multiple
datasets to evaluate the quality of contrail oketsns generated by citizens who participated @& th
Open Air Laboratories (OPAL) Climate Survey, a oatiide citizen science project. Unlike other
citizen science studies in which ‘experts’ can s#\gites of observation, independent verificatdn
contrail observations is difficult because of thEhemeral nature of the atmosphere. This research
therefore uniquely uses datasets which reflectctmmplex and ever changing 3D nature of the
atmosphere and have been derived from a variethifigrent sources (experts, models and amateur
enthusiasts) with different spatial and temporaikaites.
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1. Introduction

Citizen science projects encourage members ofghergl public to participate in scientific research
(see for example: Newman et al, 2003 and Darwall Rualvy, 1996) with citizens becoming what
Goodchild (2007) recognised as ‘sensors’ of theldvaround us. They can lead to large volumes of
data being collected over broad geographic areagXtended time periods (Engel and Vorshell,
2002). However, this presents the challenge ofticrgalata of sufficient quality and accuracy to be
used in scientific research. This is especially ¢thse when volunteered geographical information
does not comply with spatial data quality standdidaklay et al, 2010). The quality of citizen-
derived data can often be improved by training (Maald and Strachan, 1999), through financial
incentives (Barreto et al, 2003) or targeted reorent of participants (Phillips et al, 2006). Howev
the value of such data is often questioned by pialarsers.

The Open Air Laboratory (OPAL) Project is a colledtoon between 15 academic and scientific
institutions, led by Imperial College, London, anthe Natural History Museum
(http://www.opalexplorenature.oig/which enables scientists and members of thergepablic to
contribute to scientific research around selectirenmental themes (see Davies et al, 2011). The
OPAL Climate Survey was designed by the Met Offasel Royal Meteorological Society and
launched in March 2011. It comprises four selectgtiVities designed to gain a better understanding
of the interactions between human activity and dlimmate which cannot easily be assessed using
standard scientific methods; one of these actwiseobservation of condensation trails or corgrail
Contrails are anthropogenic cirrus clouds formedeurtertain atmospheric conditions when heat and
water vapour emitted from aircraft exhausts mixhwdbol ambient air (Schumann, 2005); they can
dissipate instantly or persist in the atmospherarfany hours and have been proven to contribute to
regional and global temperature variations (Travial, 2002).

This paper introduces a method and preliminary aats of research to evaluate the quality of
citizen-derived contrail observations. GIS techesare used to evaluate the geographic coverage
and quality of the citizen observations and vetlifgse observations through comparison with related
data sets. Unlike other citizen science studieshith ‘experts’ can revisit sites of observatioor, f
example vegetation surveys and insect monitorindgpendent verification of contrail observations
is difficult because of the ephemeral nature ofatreosphere. This research therefore uniquely uses



datasets which reflect the complex 3D nature ofath@osphere and have been derived from a variety
of different sources (experts, models and amatathusiasts) with different spatial and temporal
attributes.

1.2 OPAL Contrails Activity

Participants in the OPAL Climate Survey were reegiito use four reference photographs (see Figure
1) to identify the sky state. This was recordedhgs standardised form allowing for an element of
quality control at data entry along with the tinte the nearest 10 minutes); date (DD/MM) and
postcode district (AA1). Observations could be madeany day at any time and records could be
submitted by freepost, on the OPAL website or by teessage. The contrails activity ran frofh 1
February 2011 to 30 June 2011 with 15,958 individual observations sittech in total by
participants.

A: No contrails B: Short contrails C: Long contrails,  D: Long-lived
but not spreading  spreading contrails

Figure 1. OPAL contrail reference photographs

2. Methodology

The following approach was taken in line with lggire suggesting a validation and then verification
approach to assessing data quality (see Oresk@4).1&n initial validation was performed to ensure
all data fields required for analysis (postcodeteddime, sky state) were complete for each
observation. Spatial and temporal filtering wasntlapplied to the complete dataset to restrict
observations to England for the period 05/03/2G127/03/2011 and the times 09:00 to 18:00 to
coincide with datasets used in verification; thésulted in 8,784 records remaining for use in
analysis.

Table 1. Observations removed during filtering process

Reason for removal Observationsremoved | Observationsremaining
Incorrect postcode 107 15,851
Outside England 1,175 14,676
Outside date range 2,691 11,985
Outside time range 3,201 8,784

Given the ephemeral nature of the atmosphere,fdrélift datasets were used for verification of the
OPAL observations, each with different spatial éamdporal properties and attributes associated with
altitude. Figure 2 illustrates each of these désase



(a) National Contrail Observer Network

The National Contrail Network (NCON) consists oflé@pendently trained meteorological observers,
who make contrail observations at 0900GMT dailywgs standard observation card. There are only
5 stations currently active across England. Thezeddferences between NCON and OPAL contrail

classification schema hence NCON categories weceded to correspond with OPAL categories.

(b) Relative Humidity with respect to ice from the Epean Centre for Medium Range Weather
Forecasting (ECMWF) model

Relative humidity with respect to ice (RH(ice)) wealculated from the ECMWF model outputs
using Matlab at 3 hourly intervals between 09:0@ d8:00; and for those layers within the
atmosphere most likely to correspond with conti@iimation, between 7,500 and 15,000m. RH(ice)
must be greater than 100% for contrails to peesisttemperature less than 2@Q however, there is
an error of approximately 10% within the model whiglso assumes linear regression of RH(ice)
through atmosphere. There is complete coverage ngflaBd at ~28x28km resolution with the
atmosphere divided into 91 vertical levels.

(c) Radarvirtuel.com

Aeroplane flight path data were downloaded at lumerintervals and assembled into hourly layers
from the website radarvirtuel.com; this is a nodlataset, previously unused in academic research.
This website provides real-time aircraft locatiovith altitude and call sign; however spatial coggra

is variable as the website relies upon volunteétts rgceivers to track aircraft locations.

(d) Photos

OPAL contrail observers were encouraged to takeqggnaphs to support their observations. This is
the only evidence through which to positively weiGitizen observations. There is limited spatiad an
temporal coverage across England with only 35 miraghs taken in the date and time frame for
validation and supported with an accurate postcode.



(a) National Contrail Observer Network (NCON)
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Figure 2. Datasets used in verification



3. Results

A preliminary analysis of the dataset was undertalkkg one OPAL observation made within the
postcode LA1 on'®April 2011 as seen in Figure 3. The location dmtof the OPAL observation
define the analysis undertaken. Firstly, a buffieb aniles was applied to the OPAL observation at
LAl as 5 miles is considered a reasonable sky Wiased on observations being made in rural and
urban locations. Flightpaths and NCON sites fallimighin this 5 mile buffer were selected and
retained for analysis if their time correspondeasely with the OPAL observation (+/- 30 minutes).
The relative humidity value was then extracted tloe postcode centroid for levels within the

atmosphere which corresponded to contrail formation

Hazelrigg

¢ _ !5 mile radius from LA1

e Radarvirtuel.com aeroplane tracks at 0900h on 06/04/2011
@ LA1: OPAL Observation

‘F NCON site
[ ] Urban area

RHice (%) ) %
Valueyigh : 109.763 !

Low : 105.616 0 1 2 3 4

Date: 06/04/2011

OPAL Observation: LA1 at 09:20

NCON: Hazelrigg

Altitude for contrail formation: 26,000-40,000ft

Figure 3. Example of preliminary analysis
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Table 2. Outcome of preliminary analysis

Dataset Outcome
Citizen-derived sky state D
National Contrail Observer Network D
Relative Humidity w.r.t ice >100% (0900-1200) Ya40%)
Aeroplane overhead with altitude > 26,000ft (0900Q) Yes
Photo No

4. Discussion

The example presented in Figure 3 allows confideadse placed in the citizen observation made at
LA1 on 6" April 2011 at 09:20 (long lived spreading consaionfirmed). The observation of sky
state D given by the OPAL participant corresponaéth the NCON observation, the relative
humidity value was greater than 100% and there aieceaft present above 26,000ft.

The methodology described above will be scriptedgu®ython to verify all 8,784 observations; a
metric will then be developed to assign a confidevalue to each OPAL observation and statistical
analysis conducted to identify bias within the zgti-derived dataset. The analysis will explore the
accuracy of the OPAL dataset by comparing the ebsiens with each of the datasets used in
verification. It will then focus on comparing thePAL observations with specific datasets; for
example the variance in relative humidity per obaton category.

Ultimately, the ephemeral nature of the atmosphazans greatest confidence can only be placed in
OPAL observations when photographs and NCON obsensare available (only for a very small
% of the dataset). These two datasets provide ectdineans of assessment between the OPAL
participant and the trained observer. Thereforehim analysis as a result of the lack of photolgsap
and NCON observations, reliance will be placed éf{i€e) values and Radarvirtuel.com outputs for
verification; it will be possible to generate a Ri¢) value for all OPAL observations.

The analysis of the contrails dataset will allow ¢onclusions to be drawn in relation to literatare
citizen science and data quality and provide amcatwn of the level of confidence which can be
placed in citizen-derived scientific data. It wélso enable a judgement to be made regarding the
contribution of this research to the field of GIBhe discussion will also concentrate on the
limitations of ECMWF model outputs and how citizéata could inform model development and
contribute to understanding the wider effects oftl formation on regional and global climates.

The complex and ephemeral nature of the atmospmecontrail formation makes the analysis of
citizen-derived contrail observations particulgshpblematic. The use of GIS techniques is therefore
especially important in this novel analysis asffiéively combines 3D spatio-temporal data on the
atmosphere and provides additional means with wiaiaterify citizen observations.
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