S250M Surge in Cloud Research — ChatGPT

User Prompt: The Earth’s albedo changed 1.7W/m2 over last 25 years, and the average global temperature
changed 0.6°C. James Hansen believes 1W/m2 out of the 1.7W/m?2 is due to cloud changes. Yet the AR5 and
ARG climate models assume clouds change 0.42W/m2/°C, and this is one-fourth of what we observe (1W/0.6°C
=1.6W/m2/°C). In other words, cloud changes exceed that predicted by climate models. What experiments do
we need to conduct, to better understand clouds?

Framing

To reconcile observed albedo/CRE trends with model behavior, we need measurements that disentangle (1)
instrumental drift vs real trends, (2) aerosol forcing vs cloud feedback, and (3) microphysics vs macrophysics vs
dynamics—while enforcing radiative closure.

Observational experiments

e Benchmark satellite radiometry with Sl-traceable calibration and stability to anchor TOA reflected-solar
trends.

e Multi-angle polarimetry to retrieve cloud/aerosol optical properties with reduced ambiguity.

e Active + passive synergy (radar/lidar with radiometers/imagers) for vertical structure and phase
constraints.

e Regime-focused field campaigns for marine low clouds, Southern Ocean mixed-phase, and Arctic cloud—
surface coupling.

e Continuous supersites and autonomous ocean platforms for statistics and satellite validation.

e Natural-perturbation studies (shipping changes, smoke, volcanic aerosol) to constrain aerosol—cloud
sensitivities.

Model closure

e LES/CRM ensembles for benchmark cases to map sensitivities and identify controlling processes.

e Single-column / nudged regional simulations constrained by observations.

e Obijective closure metrics: TOA + surface SW/LW flux agreement + cloud structure/phase agreement
simultaneously.

User Prompt: Assume you have $250M to spend over 5 years (550M/yr on average), and you are to improve
our understanding of clouds. What would you do?

Program concept

Run a coordinated “Cloud Radiative Closure Lab” that ties benchmark satellite measurements to three flagship
field campaigns, a multi-year observing backbone, and a model closure engine that produces parameterization
improvements and uncertainty reduction.

Budget architecture
e D1 (S45M): benchmark radiometry + multi-angle polarimetry (hosted payload/smallsat).
e D2 (S115M): three major field campaigns (tropical low clouds, Southern Ocean, Arctic).
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D3 ($45M): observing backbone (two supersites + autonomous ocean platforms).

D4 ($35M): model closure engine (LES/CRM ensembles + parameterization strike teams).

D5 ($10M): rapid-response unit for episodic natural experiments.

D6 ($20M): data systems/governance (open pipeline, standardized products, annual closure challenge,
independent evaluation).

How it reduces uncertainty

D1 reduces trend ambiguity by anchoring calibration and drift.

D2 provides process-complete closure cases in high-leverage regimes.

D3 converts episodic learning into multi-year statistics and validation anchors.

D4 forces simultaneous closure on radiation + clouds + precipitation and turns insights into model
upgrades.

D5 adds quasi-causal constraints from real-world perturbations.

D6 ensures reproducibility and independent evaluation.

Staffing and organization

Program office (10-14 FTE): director, chief scientist, calibration lead, field ops director, modeling/closure
director, data systems director, program managers, finance/procurement/legal.

Each flagship campaign: 25—40 investigators; 150—-250 people at peak ops across aircraft/ship/ground.
Each supersite: 15-25 investigators + technicians/engineers.

Model closure: 8-12 core FTE + 3 milestone-funded strike teams (8—15 people each).

Independent evaluation panel: 6-10 experts, meeting twice per year.

Major risks and mitigations

Attribution confounding - Lagrangian sampling, complete aerosol/CCN/INP, matched controls, and
closure-driven design.

Calibration drift/inconsistency - redundant on-orbit calibration, overlap periods, published uncertainty
budgets.

Weather/logistics risk > multi-window planning, platform redundancy, autonomous augmentation.

Data quality risk - standardized products, near-real-time QC, required derived products and metadata.
Model uptake risk = drop-in deliverables, multi-model implementation requirement, milestone payments
tied to benchmark improvements.

Cross-cutting measurement requirements

Radiation: high-quality SW/LW at surface; TOA matchups; aim for ~+5-10 W/m? closure on case means
where feasible.

Cloud: base/top, multilayer overlap, cloud fraction by layer; LWP/IWP and phase partition.
Precip/drizzle: Doppler radar + in situ size distributions and rain rates.

Aerosol: size distributions; composition proxies; CCN spectra; INP temperature spectra.

Dynamics: profiles of T/q/winds; vertical velocity statistics; inversion strength; surface fluxes.
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User Prompt: How much might we improve our understanding of clouds if this $250M was spent?

Where the biggest gains occur

e Regime-resolved attribution of albedo/CRE trends (what changed: cloud amount, optical depth, phase,
aerosol environment, or circulation).

e Tighter constraints on key parameterization knobs (drizzle thresholds, entrainment efficiency, mixed-phase
persistence, INP dependencies).

e Better cross-sensor agreement and trend confidence from benchmark calibration and matchup datasets.

Expected magnitude

A well-run $250M program can produce a meaningful step-change in constraints for the three targeted
regimes and provide closure-validated parameterization improvements. The result is typically a measurable
narrowing of plausible cloud-feedback behavior in models, rather than a complete elimination of uncertainty.
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Experiment Summary

Print a one-page crosswalk table (Dx - platforms = “monitoring only” vs “natural perturbations” vs

“injection” (none here) - key outputs = closure metrics).

Crosswalk table

Dx Platforms Posture Key outputs Closure metrics
D1 Satellite (hosted Monitoring only | TOA SW trends; MAP cloud Radiometric drift/uncertainty budget;
payload/smallsat) microphysics; aerosol scene radiative closure vs TOA SW
indicators; collocations
D2a | Aircraft + Monitoring only | Low-cloud microphysics; TOA+surface SW/LW closure; Nd—
ship/ground + drizzle/entrainment; LWP—drizzle & entrainment—cloud
dropsondes organization; CCN/aerosol; fraction process closure
SW/LW
D2b | Ship + aircraft Monitoring only | Mixed-phase structure; Phase—radiation closure; INP->phase
phase; INP; radiative microphysics closure
impacts
D2c | Aircraft + Monitoring only | Arctic phase/structure; Surface energy closure; column
surface/ship + turbulence/inversions; LW; radiative closure
soundings surface energy budget;
aerosol/INP
D3a | Supersite #1 Monitoring only | Multi-year low-cloud stats; Stability/calibration; retrieval/flux
CCN; surface SW/LW closure
D3b | Supersite #2 Monitoring only | Multi-year mixed-phase Sensor consistency; surface radiative
stats; coupling; INP proxies closure
D3c | Autonomous Monitoring only | Surface SW/LW + met; Flux QA closure; context consistency
ocean platforms ocean context; Lagrangian
support
D4 Modeling/HPC N/A (modeling) Benchmarks; LES/CRM Model—-data closure across
sensitivities; radiation+clouds+precip; out-of-
parameterizations; sample closure
scorecards
D5 Satellite-first + Natural Rapid event cases; Causal-response closure controlling
optional perturbations aerosol->cloud->radiation meteorology
aircraft/portable response
kits
D6 Data systems + N/A Standardized products; Reproducibility + transparent scoring;

governance

(infrastructure)

portal; annual closure
challenge

auditable uncertainty budgets
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Injection vs monitoring, satellite vs aircraft, altitudes, and sorties

User Prompt: Do any of these involve injection of material or is it just monitoring? Which of these is

monitoring from satellite and which is monitoring from airplane? What altitudes are these? How many sorties
if using airplanes? You can refer to these as D1, D2a, D2b, D2c, D3a, D3b, D3c, D4, D5 or D6.

Injection status
None of D1, D2a-D2c, D3a—D3c, D4, D5, or D6 involves deliberate injection/seeding/release of material. D5

leverages naturally occurring perturbations without creating them.

Platform mapping

Satellite: D1 (core); D5 often satellite-first; D6 supports satellite matchups and products.
Aircraft: D2a, D2b, D2c are aircraft-centric campaigns (often with ship/ground).
Ground/ocean: D3a, D3b supersites; D3c autonomous platforms.

Non-monitoring: D4 (modeling) and D6 (data/governance).

Typical altitude ranges

D1: orbit ~400-800 km depending on mission.

D2a: below-cloud ~50-300 m; in-cloud ~0.5-2.5 km; above-cloud ~3—-8 km; context legs ~8—-12 km if
platform allows.

D2b: boundary layer ~50-500 m; in-cloud mixed-phase ~1-5 km; above-cloud ~5-10(-12) km.

D2c: near-surface ~50-300 m; in-cloud ~0.5-4 km; above-cloud ~4-8(—10) km.

Sortie planning ranges

Per 6-10 week campaign: ~25-45 sorties per aircraft is a common planning range (weather/maintenance
dependent).

D2a: ~25-45 sorties (one aircraft) or ~50—90 (two aircraft).

D2b: ~20-40 (one) or ~40-80 (two).

D2c: ~20-40 (one) or ~40-80 (two).

Across D2a—D2c: ~120-250 sorties total depending on aircraft count and flyable days.

D5: if aircraft are used, typically 0—10 sorties/year opportunistically; could be zero with satellite/ground
coverage.
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D1: Benchmark radiometry + multi-angle polarimetry

Overview
Purpose: create a calibration-grade, trend-trustworthy record of reflected sunlight and cloud/aerosol optical

properties that control albedo, enabling credible attribution of multi-year SW trends.

Scientific objectives

Reduce uncertainty in TOA SW trend estimates by quantifying drift and absolute accuracy.

Provide polarimetric retrievals that better separate aerosol vs cloud and constrain droplet-size/number
proxies.

Create a high-quality collocation archive to evaluate existing sensors and cloud/aerosol products.
Enable radiative closure tests (retrievals + RT reproduce observed reflectance/flux).

Technical approach

Broadband SW radiometry + multi-angle polarimeter (MAP), optionally with selected spectral channels for
aerosol typing.

Orbit/hosting designed to maximize collocations with operational sensors and field campaigns.
Sl-traceable pre-launch calibration + on-orbit stability checks (solar diffusers, lunar looks, vicarious sites).

Key deliverables

Monthly TOA SW reflectance/flux products with uncertainty decomposition.

MAP-derived cloud microphysics proxies (optical depth, effective radius, droplet-number proxy).
Aerosol optical depth/type indicators where robust.

Collocation archive; annual albedo consistency report.

Success metrics

Demonstrated reduction in trend uncertainty relative to current operational datasets.
Scene-level radiative closure in representative regimes.
Broad adoption by model evaluation and reanalysis communities.
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D2: Three major field campaigns

Overview
Purpose: measure key cloud processes that dominate uncertainty in SW CRE and cloud feedbacks, with designs
enabling microphysical + dynamical + radiative closure in three high-leverage regimes.

Common measurement spine

e In situ microphysics: droplet/ice size distributions, number concentrations, LWC/IWC, drizzle.

e Aerosols: size distributions, composition proxies, CCN spectra, INP temperature spectra.

e Remote sensing profiling: Doppler radar, lidar, microwave radiometers; broadband SW/LW (surface +
airborne).

e Thermodynamics/dynamics: radiosondes/dropsondes, turbulence, vertical velocity statistics, inversion
strength, surface fluxes.

e Satellite matchups (including D1 overpasses) to connect in-column properties to TOA reflectance/flux.

D2a: Tropical marine low clouds

Focus
Trade cumulus + stratocumulus transitions; entrainment, drizzle onset, mesoscale organization, and CCN links
that control cloud fraction and optical depth.

Design

e lagrangian sampling to follow air masses 12—48 hours across transition corridors.

e Stacked legs below-cloud, in-cloud, above-cloud to constrain mixing and microphysics.

e Mapping legs to capture organization and precipitation structure; real-time LES guidance.

Deliverables and closure

e Regime statistics (Nd proxies, drizzle frequency, cloud fraction distributions vs stability/CCN).

e 10-20 “gold” closure cases with complete forcing and uncertainty metadata.

e Closure metric: TOA + surface SW/LW reproduced within tolerance; process closure for
drizzle/entrainment relationships.

D2b: Southern Ocean mixed-phase clouds

Focus
Phase partition (liquid vs ice), supercooled liquid persistence, INP sources, and radiative impacts across
synoptic regimes.

Design
e Ship + aircraft hybrid: persistent profiling plus in situ windows for microphysics and INP.
e Sampling across cyclone sectors and stratiform/convective contexts; coordinated satellite matchups.

Deliverables and closure

e Phase climatology during campaign; INP—phase constraints; mixed-phase closure cases.
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e Closure metric: phase/LWP/IWP explain SW reflectance/CRE within uncertainty; INP->ice initiation—>phase
partition consistency.

D2c: Arctic clouds + surface coupling

Focus
Mixed-phase longevity, boundary-layer structure, and coupling to surface energy balance over ice and open
water (especially downwelling LW).

Design
e Aircraft transects + frequent soundings + surface radiation/flux observations.
e Surface energy budget closure emphasis; synoptic variability and trajectory context.

Deliverables and closure

e (Case library linking phase/structure to surface radiation impacts.
e Closure metric: clouds explain downwelling LW and net surface radiation variability within uncertainty;
column radiative closure for benchmark cases.
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D3: Observing backbone

Overview
Purpose: create persistent, multi-year datasets to convert campaign learning into robust statistics and provide
anchor points for satellite validation and model evaluation.

D3a: Supersite #1

e Marine boundary-layer focus; scanning Doppler radar, lidar, microwave radiometers, broadband SW/LW,
aerosol/CCN, periodic INP.

e OQOutputs: continuous cloud boundaries/LWP/drizzle diagnostics, regime classification, satellite matchups.

e (Closure: stability/calibration + retrieval/flux closure against surface SW/LW and satellite matchups.

D3b: Supersite #2

e High-latitude mixed-phase + surface coupling focus; radar—lidar synergy, microwave radiometry,
broadband SW/LW, aerosol/CCN/INP, intensive soundings.

e OQutputs: phase occurrence/persistence stats; surface radiation coupling datasets; satellite phase
validation.

e Closure: mixed-phase retrieval consistency + surface radiative closure by season/regime.

D3c: Autonomous ocean platforms

e USVs/buoys with SW/LW radiation, met sensors, SST/waves; optional aerosol modules and adaptive
sampling support.

e QOutputs: extended coverage in remote basins; Lagrangian support; event context for D5.

e (Closure: traceable flux QA + consistency with nearby satellite/ship/supersite observations.
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D4: Model closure engine

Overview
Purpose: translate observations into reduced model uncertainty via rigorous closure—clouds + aerosols +
radiation must match simultaneously under realistic forcing.

Approach

Curate benchmark cases from D2/D3/D5 with standardized forcing and uncertainty.

Run LES/CRM ensembles to map sensitivities and provide truth proxies for parameterizations.

Fund strike teams to deliver drop-in improvements tested in at least two host models.

Publish objective scoring dashboards and annual evaluations.

Closure metrics

e Models match TOA + surface SW/LW, cloud structure, LWP/IWP/phase, and drizzle/precip simultaneously.
e Qut-of-sample validation on withheld cases to avoid compensating errors.
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D5: Rapid-response natural experiments

Overview
Purpose: exploit real-world perturbations (smoke, volcanic aerosol, shipping shifts) that provide quasi-causal

constraints on aerosol—cloud-radiation relationships.

Approach and outputs

e Event triggers + portable toolkits + satellite collocations and matched-control analyses.

e Rapid standardized event reports; library of 10-20 high-quality event cases (depending on event
frequency).

e Closure: aerosol perturbation = cloud response > radiative response consistent after controlling

meteorology.
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D6: Data systems and governance

Overview
Purpose: make datasets usable, comparable, and credible via an open pipeline, standard products, annual
closure challenges, and independent evaluation.

Outputs and closure

e Cloud-native portal with DOls/versioning; standardized L1/L2/L3 products; provenance + uncertainty
conventions.

e Annual closure challenge with transparent scoring code; independent evaluation panel audits uncertainty
budgets.

o Closure: reproducibility (external replication) + auditable scoring and uncertainty handling.
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Export this conversation to a structured .docx

User Prompt: Please copy this conversation into a Microsoft word document and let me download the .docx
file. Also, add a title to each user prompt and give that title style H1. Also, within each response, divide that up
into several sections with a title that is of style H2. If you want more subsections, then give those a title with
style H3 or H4. The H1, H2, H3, H4 titles will help with navigation into the file. Also use H1, H2, H3, H4 styles
used in the enclosed .docx file (“D_series_conversation_structured.docx”).
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