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REFLECT: A REsponsible innovation Framework for assessing noveL spray tEChnology research To

examine local albedo changes from marine brightening and its multi-scale impacts

Hugh Coe?, Paul Connolly?, Rob Bellamy?, Jessica Girdwood?, Paul Williams?, Hugo Ricketts?, Nick Marsden?, Keith Bower?, Shaun Fitzgerald?, Hugh Hunt?, Jake
Chapman?, Yashasvi Raj?, Edmund Reardon?, Dante McGrath?, Jim Haywood?, Daniel Partridge3, Anthony Jones?, Dan Mace*,Ryan Neely I1I°, Lindsay Bennett®, Phil
Rosenberg®, Harriett Richardson®, Sami Romakkaniemi, Silvia Calderon®, Noora Hyttinen®
'University of Manchester 2University of Cambridge *University of Exeter *Archipelago Technologies *University of Leeds °Finnish Meteorological Institute

Project Overview: Experimental Approach:

Marine Cloud Brightening (MCB) and Marine Sky Brightening (MSB) are Lab + Field + Modeling Synergy D\é\(,l;gp
potential climate interventions using sea salt aerosols to reflect more sunlight - Lab Experiments: Spray innovation and

and cool the planet [1]. A major challenge lies in producing the right size and particle characterisation

quantity of aerosols efficiently in real-world conditions. To this effect, Field Trials: S deol q

REFLECT is a multi-institutional effort to develop, test, and evaluate novel leld Trials: Sea spray aeployment unaer

marine spray technologies [2]. real meteorological conditions Res‘rl)\:):gible

The REFLECT programme proposes a responsible, stepwise approach to: Data via lidar, satellite, and in situ Innovation
. DEVElOp and test novel CLOUD BRIGHTENED CLOUD aerosol/cloud sensors

' Less energy ) More energy . WPB VALIDATE Model
Spray teChnOIOgleS fOI’ Sunlight reflected away Sunlight reflected away MOdEIS LES to gIObaI Scale, Field Trials Framework
MCB/MSB. | DL Integrating observational data
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Figure 1: Marine Cloud Brightening Process [3] * PL Hugh Coe (ManCheSter) - WPB: Field Trials
« Shaun Fitzgerald (Cambridge) - WPA: Spray Generation
« Jim Haywood (Exeter) - WPC: Modelling

Rese_ar_Ch ObjeCtIVGS. * Rob Bellamy (Manchester) - WPD: Responsible Innovation
Designing robust and scalable long-term spray systems (O1). Gantt Chart Timeline for REFLECT:

Validating cloud activation models in lab settings (O2).
_ _ ACTIVITY (E - Experiment; KOx - Key Outcomes) MONTH (Stage Gates Highlighted in Red)
Conducting real-world trials on cloud and albedo response (O3). 3 6 9 12 15 18 21 24 27 30§ 33] 36 39f 42) 45 48 51 54 57 60

WPA Single nozzle testing

Assessing impacts from local to global scales (O4). WPA Multi-nozzle tests

WPA Prototypes design, build and indoor testing

Evaluating risks and benefits (O5). WPA Prototypes refinement

WPA Cloud chamber (MICC) upgrades

Embedding public engagement and responsible research principles WPA MICC Chamber experiments

WPA MICC tests of spray systems

th F'ou g h 0] Ut (O 6) . WPB Selection of field experiment sites

WPB Technical, Safety and Risk Management Framework

How the brightening process works

WPB field testing of sprayers and analysis

WPB Determination of MCB and MSB response, analysis
WPC Embedding WPA/B data in models

Work Packages (WP’s) & Key Questions: el el e

WPA: Effective Spray Generation of Aerosols e ratrrel

« Can spray systems reliably produce desired particle distributions? wiegp-gresasimr TP

e Lab — Wind Tunnel — Indoor Prototypes — Manchester Ice Cloud Proiasmi AEaory Bowd Diing

Chamber (MICC)

WPB: Field Trials

« Can real-world sprays induce detectable albedo shifts? Summary & Outlook:
o Where: Coastal UK (e.g., Weybourne) Scientific:
o How: UAVS, lidar, radiometers

o Stages:

« Scalable spray delivery methods for climate intervention
= B1: Safety and baseline emissions  UK’s first MCB/MSB experimental testbed

= B2: Open-air trials (40 days) Policy & Society:
= B3: Cloud impact study * Evidence base for regulation of climate intervention technologies
WPC: Modelling » Informed stakeholder and public engagement
« Can we scale up findings to predict climate-relevant outcomes? Innovation:
o Simulations Target: Cloud formation, regional radiative forcing, :
* Field-ready spray prototypes

global cooling, air quality _ o
WPD: Responsible Innovation and Societal Engagement  Multi-scale models and open data for future applications

« How do we embed societal values and transparency in field Climate interventions are controversial and potentially high-impact, REFLECT
experimentation? bridges the gaps between lab, field, and global models to:

o Interviews & workshops « Evaluate MCB/MSB safely and ethically
o Public survey o - Guide deployment in climate emergency scenarios
o Social stage-gate before field trials « Support international leadership in responsible climate innovation
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