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Resilience is a claim about
the future

Sensors drift Scale outpaces 
review

Quality sets
the limit

CGWB has built one of the 
world's largest groundwater 
observation networks.

The scientific opportunity

Make every reading from it carry its 
own evidence — auditable, flagged, 
and traceable to a decision.

Head data feeds storativity → storage change → block classification
So data integrity is a scientific question before it is an administrative one.

THE STAKE · CLIMATE RESILIENCE



01RTDAS 
Telemetry (raw)

ABMIS
Governed Record System

Validation & Range Checks Anomaly Detection
(Multi-model anomaly detection)

Cleaning  & Correction
(Noise suppression & correction)

QF quality-flag codes carried through every downstream stage

Forecasting (30-360 d)
(Multi-horizon forecasting)

02 03 04

Four stages from raw sensor to 
governed record

THE FRAMEWORK



No single detector catches every 
failure mode

Ensemble, not oracle

Isolation Forest
point outliers

LSTM residual
sequence breaks

TCN residual
non-linear drift

Δ rate-of-change
hard physical limits

Majority vote (≥ 2 models)
recovered all five injected
failure types — while
suppressing single-model
false alarms.

STAGE 2 · DETECTION



The signal you must protect — and
the one you cannot claim

DEFENSIBLE

~24 h diurnal signal

3.8 cm peak-to-peak, recovered by stacking 
~1,000 days. Dry-season amplitude is 2.1×
the monsoon — the evapotranspiration 
signature (White, 1932).

REMOVED FROM THE PAPER

M2 Earth tide (12.4 h)
At 6-hourly sampling the Nyquist limit is 
12 h. The claim was indefensible, so we 
withdrew it.

STAGE 3 · WHAT NOT TO SMOOTH



Cross-checking makes both 
streams stronger

14 of 15
manual observations at Wandur 
agreed closely with telemetry 
across 3.1 years

FINDING · TWO PLANES OF DATA



The climate signal is what makes
the forecast work

Baseline — no rainfall

NSE −0.14
Small absolute error, but no skill: the model could not anticipate 
when the recession would level off.

SARIMAX + TCN, rainfall-driven

NSE 0.95
180-day hold-out, MAE 0.12 m. Horizon-adaptive blend driven by an 
antecedent precipitation index.

A model blind to rainfall can only extrapolate the past — it cannot be 
climate-resilient.

STAGE 4 · FORECASTING



Where QA-certified data meets 
aquifer management

01 04
IN THE FIELD NATIONAL USE

Manual observation 
(officer, in person)

02 03
HydroGeoSenZ

QA of every reading

Anomaly detection

Storage change (WTF)

Forecasts, 30–360 days

computed 
results

aquifer 
parameters

ABMIS

Well registry

Pumping test results

Aquifer parameters

Signed, audited reports

The quality flag travels the whole way
Any number in a national report can be traced back to the reading it came from - and to how good that reading was.

FROM DATA TO

AQUIFER CHARACTERISATION



Provenance and 
plausibility

GroundTruth

In development

Manual observation is 

the backbone for the 

next decade

UWDx — Unified Water Data 
Exchange

Proposed to MoJS

Forecasts coupled to 

the climate driver

In CGWB pilot

HydroGeoSensZ² / ABMIS

Three foundations for climate-resilient 
groundwater governance

IMPLICATION · CLIMATE RESILIENT

WATER MANAGEMENT



Every reading should be able
to prove itself.

Climate resilience begins with a groundwater record that can withstand scrutiny.

ANSWERING THE OPENING QUESTION . 

CLIMATE RESILIENT WATER MANAGEMENT
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