
Field Validation Physics-Based Known-Truth Validation

Independently prescribed truth

ϵtrue and Ts,true

6000 truth scenes

2000 scenes in each
predefined emissivity regime:
0.85 ≤ ϵ < 0.92, 0.92 ≤
ϵ < 0.97, 0.97 ≤ ϵ ≤ 0.99

Empirically grounded temporal/radiative
forcing geometry

Exact forward longwave physics

L = ϵtrueσT
4
s + (1 − ϵtrue) l

Paired observation arms

G1: noiseless physical observations
G2: production-noise observations

SURFRAD + BSRN source observations

Nine stations spanning vegetated
and bare/desert environments

637 source datasets

Initial validation-pair
irradiance availability check

5 datasets excluded because the required
initial irradiances were unavailable

632 usable field datasets

Same conditioning-controlled retrieval framework

Identical production equations, thresholds, selection rules,
reciprocal-state logic, Newton refinement, and uncertainty formulation

Synthetic retrieval products

Retrieved broadband ϵ and selected-pair Ts

632 final finite field retrievals

Retrieved broadband ϵ and Ts

Direct comparison with prescribed truth

ϵret vs. ϵtrue and Ts,ret vs. Ts,true,pair

Ground-based validation-reference Ts

Station-calibrated thermal radiometer data

Known-truth performance assessment

Overall and predefined emissivity-regime
success, bias, MAE, and RMSE

Field performance assessment

Station-wise and overall bias,
MAE, RMSE, SD, and R2

Parallel workflow-stage accounting of the field retrieval

Candidate geometry → finite irradiance → quasi-steady → numerical/physical
admissibility → irradiance-identifiable → information-sufficient population
→ production pair → Newton entry/update/completion → final retrieval

Audit only; not an additional retrieval step



