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Automated telemetry QA, anomaly detection, noise suppression and predictive forecasting for

real-time groundwater monitoring networks
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6-hourly

stration conducted with CGWB Kerala Region CGWB stations, Kerala months - 3.1years 4,000 readings / station




Resilience is a claim about
the future

Sensors drift ‘ Scale outpaces | Quality sets
review the limit

Millions of records Of what data can support

Head data feeds storativity — storage change — block classification

So data integrity is a scientific gquestion before it is an administrative one.

THE STAKE - CLIMATE RESILIENCE

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.
There is no climate-resilient water

management without a defensible record of
what any weather is actually daing.




THE FRAMEWORK

Four stages from raw sensor to
governed record
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QF quality-flag codes carried through every downstream stage

Every correction is logged with its original value, the method applied, and the reviewer's identity — raw data is
never deleted or altered.




No single detector catches every STAGE 2. DETECTION
failure mode

i Multi-model anomaly detection ensemble — Wandur (CGWBNGO0441)
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Majority vote (= 2 models)
recovered all five injected
failure types — while
majority suppressing single-model
false alarms.
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The signal you must protect —and  smees warnorroswoor
the one you cannot claim

(a) Mean diurnal cycle, full record (~1000 days) (b) Amplitude tracks ET demand seasonally

dry = 2.1 x monsoon

DEFENSIBLE

dawn high

~24 h diurnal signal

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

peak-to-peak = 3.8 cm
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Diurnal peak-to-peak (cm)

12:00 18:00 00:00 Dry Monsoon Post-monsoon
Hour of day (IST) (Jan-Apr) (Jun-Sep) (Oct-Dec)

(c) Ten-day window at native 6-hourly cadence (illustrative dry-season detail)

® 06:00 @ 12:00 o 18:00 @ 00:00 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.

Water level [m, sensor ref.]




Cross-checking makes both
streams stronger

Manual-telemetry reconciliation diagnostic

(a) Wandur (CGWBNGO0441): per-visit reconciliation, n = 15 (b) Same field round (+10 days): 4 of 9 stations flagged
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Telemetry and manual observation are independent measurements of the same aquifer. Comparing them systematically
— rather than assuming either is ground truth — lets the network flag where a reading deserves a second look, and
confirms the far larger share that agree.

FINDING - TWO PLANES OF DATA

14 of 15

manual observations at Wandur
agreed closely with telemetry
across 3.1years

Where a difference did appear, it
grouped by survey round rather than
station — a pattern no single well
could reveal.

That is a signal about measurement
conditions, not about any officer’s
work.




The climate Signal is what makes STAGE 4 FORECASTING
the forecast work
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Wandur (CGWBNG0441) — rainfall-informed 180-day hindcast (observed rainfall over hold-out)

Baseline — no rainfall

NSE -0.14

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

—— Observed (training)
| —— Observed (hold-out)
—— Baseline, no rainfall (NSE 0.14)
—- SARIMAX + rainfall (NSE 1.35)
TCN + rainfall (NSE 0.93)

—— Rainfall-informed ensemble (NSE 0.95) L SARIMAX + TCN, I‘ainfall-driven
SARIMAX 95% CI
NSE 0.95
Nilambur daily rainfall (driving exogenous input) 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

Jul 2023 Mar2024  Jul2024 Nov2024 Mar 2025 Nov 2025  Mar 2026 . I
climate-resilient.




Where QA-certified data meets FROM DATATO
% AQUIFER CHARACTERISATION
aquifer management

computed 04
results

IN THE FIELD NATIONAL USE

DWLR telemetry _ _ — NAQUIM
(6-hourly, automatic) QA of everyreading é._._.. Well registry e

“““““““““““““““““ . . Year Book
. Anomaly detection Pumping test results
Manual observation Aquifer Atlas

(officer, in person)

Storage change (WTF) Aquifer parameters

Forecasts, 30-360 days Signed, audited reports

The quality flag travels the whole way




Three foundations for climate-resilient
groundwater governance

Provenance and
plausibility

Two different questions: was the reading
captured where and when it claims, and
can the value itself be reliable?
Cryptography answers the first; only

statistics answer the second.

Manual observation is
the backbone for the

next decade

Roughly 6,000 telemetry wells sit
alongside some 25,000 CGWB stations.
Verified digital capture would
strengthen — not replace — the

observer network.

State-level instruments feeding the national picture - each shown with its honest current status

IMPLICATION - CLIMATE RESILIENT
WATER MANAGEMENT

Forecasts coupled to

the climate driver

Groundwater prediction must ingest
rainfall to be resilient — linking climate
services to aquifer management, with

skill reported honestly per horizon.




Every reading should be able
to prove itself.

¢ A five-model ensemble catches failure modes no single detector sees.

® Noise suppression protects the diurnal signal — and withdraws what sampling cannot support.

Cross-checking two independent streams strengthens confidence in both.

Rainfall-driven forecasting lifted 180-day skill fromm NSE -0.14 to 0.95.

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

ANSWERING THE OPENING QUESTION .
CLIMATE RESILIENT WATER MANAGEMENT
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