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DEVELOPMENT OF AMODULAR DATA UNIFICATION PIPELINE
FOR REAL-TIME ENVIRONMENTAL THREAT ANALYTICS

The article presents the results of research and development of a modular software system for real-time environmental
risk analytics, built on the concept of unified event ingestion and the application of H3-based hexagonal spatial aggregation.
The relevance of this work is driven by the high heterogeneity of primary data sources, including open analytical reports
(OSINT), satellite fire detections (FRP), ionizing radiation dose rate measurements, and meteorological fields. These
sources rely on different temporal scales, measurement units, and data schemas. Such diversity creates significant
challenges in integration, resulting in timestamp shifts, unit inconsistencies, schema conflicts, and event duplication,
which complicates the timely production of consistent results and slows down updates of information layers. The objective
of the study is to design a compact and reproducible data processing pipeline capable of transforming heterogeneous
event streams into daily aggregated layers of risk and demand with sub-second latency. The proposed architecture consists
of three main components. The first is the Plugin Source Adapter Interface (PSAI), which maps each data source into a
standardized event table; adapters are responsible only for source-specific parsing, while subsequent unification logic is
shared. The second component is the Deterministic Event Harmonization (DEH) module, which converts all timestamps
to UTC format, normalizes measurement units, verifies coordinates, and guarantees idempotent inserts. This ensures
safe reprocessing and proper handling of late-arriving data. The third component is a query layer oriented towards
H3-first spatio-temporal aggregation: FRP points are aggregated into 15-minute intervals at H3 resolution level 10 using
the MAX(FRP) operator to avoid overlaps, after which daily summaries at H3 resolution level 7 integrate FRP data
with OSINT events, radiation monitoring signals, and meteorological indicators, including a wind alignment proxy, to
construct a comprehensive risk index.

The system is implemented in the DuckDB environment without the use of dedicated servers or network services,
which simplifies infrastructure and reduces operational costs. The adopted approach ensures transparency and testability
of integration contracts: the PSAI interface enforces data ingestion rules, the DEH module standardizes time and units,
the H3 hierarchy guarantees spatial consistency, and DuckDB provides materialization of results through standard SQL.
Experimental evaluations confirmed the high efficiency of the proposed solution: data updates are performed within
fractions of a second even on consumer-grade laptop hardware; duplication of satellite FRP detections is reduced by
approximately 99 %, daily summary exports remain under one megabyte in size, significantly simplifying their transfer
and storage. The developed system combines the flexibility of modular architecture, the reproducibility of integration
procedures, and the efficiency of the computational model, establishing a foundation for practical applications in
environmental monitoring, risk management decision support, and the advancement of ecological analytics services.

Key words: software system, real-time analytics, data unification, H3, DuckDB, materialized views, environmental
monitoring.
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PO3POBKA MOJIYJIbHOTO KOHBEEPA YHIDIKAIIT JAHUX JJISI AHAJIITUKA
EKOJIOTTYHHUX 3ATPO3 Y PEAJIBHOMY YACI

Y emammi npeocmasneno pezynomamu oocnioxcenHs ma po3spooKu MOOYIbHOI NPOPaAMHOL cucmemu 01 AHATIMUKY
EeKON02TUHUX PUSUKIB Y PEANbHOMY YACT, WO TPYHMYEMbCA HA KOHYenyii YHighikoeano2o nputiMants nooitl ma 3acmocy8amHi
wecmukymHoinpocmoposoi acpezayii H3. Akmyanvricme pooomu 3yM0O8/1eHA 6UCOKUM PIGHEM 2emepO2eHHOCTE NePEUHHUX
Ooicepen 0awnux, cepeo sikux: siokpumi ananimuyuni 36imu (OSINT), cynymuukosi demexyii nooiceac (FRP), sumipiosanns
HOMYICHOCMI 003U [OHI3YI0OH020 BUNPOMIHIOBAHHS MA MemeopoNo2iuni nois. 3aszuaueni 0dxicepena onepyroms pisHumMu
4ACOBUMU WKATAMU, OOUHUYAMY BUMIPIOGANHS A cXeMamu nOOanus 0anux. Lle npuzeooums 00 6uHuKHeHHs MPYOHOWi6
y npoyeci ix inmezpayii, 30kpema, 00 3MiUeHHA YACOBUX MIMOK, He8iON08IOHOCMI OOUHUYb, KOHGQIIKMI8 cmpyKmyp
ma 0yonioeanHs nooitl, Wo YCKIAOHIOE ONEPamueHe OMPUMAHHS Y3200CEHUX Pe3yIbmamie i YNOoGiIbHIOE OHOGIEHHS
ingopmayitinux wapis. Memoio docniodxcenns gusnaveno nodyo0o8y KOMNAKMHO20 MA GI0ME0PI0EAHO20 NPOSPAMHOO
KOHBeepa 0isi 00POOKU OAHUX, 30AMHO20 NEePEemEOPIOSaAmU 3MIUAHI NOMOKU NOOILL Y 00006I azpe206ani uapu pusuKy ma
nonumy i3 3ampuMKoI0 Ha PieHi CeKYHO. 3anponoHo6ana apximekmypa 6KIO4AE mpu OCHO8HI Komnonenmu. Ilepuwium
€ inmepghetic niaeinis-aoanmepis oxcepen (PSAI), uwjo 3abesneuye 8i000pacdceHHs KOHCHO20 0xcepend y CMaHOapmu308aHy
mabauyio nodiu; aoanmepu 8ionosioaroms auuie 3a cneyugiunuil po3dip 6XiOHUX Oauux, moodi AK NOOAIbUa N02IKA
yHiQiKayii € cnitbHo. [Ipyeum KomnoweHmom eucmynac mooyib oemepminosanol yuigixayii nooit (DEH), skui
nepesooums yci uacoei nosnwauku y gopmam UTC, nopmanizye oOunuyi UMIpIOGAHHS, 6epUpIKye KOOpOuHamu ma
2apanmye ioemMnomeHmui 6CMagKil, ujo 0036015€ be3neuno 30iUCHI08amu NOSMOPHI NPO2OHU MA KOPEKMHO 6paxo8ysami
3aniznini 0aui. Tpemiti KoMnOHeHm — 3aNUMHULL WApP, OPIEHMOBAHULL HA 3ACMOCYB8AHHI NPOCHOPOBO-YACOB0I azpecayii 3a
npunyunom H3-first: mouxu FRP acpecytomocs y 15-xeununni inmepeanu na pieui H3 r10 i3 sukopucmarnuam onepamopa
MAX(FRP) 014 yHUKHeHHA HAKAAOAHb, Nicia 4020 00006i 36edeHus Ha pieHi H3 r7 inmeepyroms oani FRP 3 nodiamu
OSINT, cucnanamu paoiayiino2o MOHIMOPUHZY MA MEmMeONnOKAZHUKAMU, 30KpeMd, RpPOKCi-IHOUKAMOPOM HANPAMKY
ma weuokocmi impy, 01 POPMYBAHHSI KOMIILEKCHO20 THOeKcy pusuky. Peanizayis cucmemu 30iticnena y cepedosuuyi
DuckDB 6e3 3anyuenns okpemMux cepeepis uu Mepexrcesux cepsicis, o cnpowye inpacmpykmypy ma 3HuiCYe 6apmicims
excniyamayii. Buxopucmanuii nioxio 3abesneuye s6Hicms ma mecmosanicms iHmezpayitiHux Konmpaxkmis.: inmepgetic
PSAI ¢pixcye npasuna nputimanns oanux, modyne DEH — cmandapmu3sayito uacy ma 0OuHuyb 8UMIPIOBAHHS, IEPAPXIs
H3 — npocmoposy y3zeo0acenicmo, a DuckDB — moocausicms mamepianizayii pe3ynvmamie 3acobamu cmaioapmuo2o
SOL. Ilposedeni excnepumenmu niomeepouny GUCOKY e@exmusHicms 3anponoHO8AHO20 DIUeHHs: OHOBIEHHS OAHUX
BUKOHYIOMbCA 30 00T CEKYHOU HABIMb HA NOMYHCHOCTI 001AOHAHNA pigHs HOymMOYKa, 0yOnoeanus cynymuuxosux F'RP-
Odemexyiu ckopouyemvcs npubauzno va 99 %,; 00006i excnopmu 36edenb Marmy 00cse MeHue 00H020 Me2abaima, uo
icmomHo cnpowgye ix nepedauy ma 30epicanus. Takum uuHoOM, po3podieHa cucmema NOEOHYE SHYYKICMb MOOYIbHOL
apximexkmypu, 8i0meopro8anicmy IHMe2payitHux npoyedyp ma epekmuericms 00UUCTIOBAIbHOT MOOeTT, WO CIMBOPIOE
nioTpYHms 0151 NPAKMUYHO20 BUKOPUCINAHHA Y Chepi MOHIMOPUHEY O08KINLIA, NIOMPUMKU PillleHb 3 YAPABLIHHA PUSUKAMU
ma po3sUmKy Cepeicié eKoN02iYHOI AHANIMUKU.

Knrouosi cnosa: npoepamna cucmema, aHanimuxa 6 peaibHoMy vaci, yrigpikayis oanux, H3, DuckDB, mamepianizosani
NOOAHHS, MOHIMOPUHE OO0GKLIIA.

Problem statement

The relevance of the research lies in the growing global demand for timely and reliable environmental monitoring
tools capable of supporting risk management and decision-making processes. Modern environmental data originate from
highly heterogeneous sources — ranging from satellite fire detections and radiation measurements to meteorological
fields and open-source intelligence reports — that differ in temporal resolution, measurement units, and data schemas.
This heterogeneity complicates integration, leading to inconsistencies, delays, and information overload that hinder the
effectiveness of analytical software systems. A modular and reproducible data unification pipeline, capable of harmonizing
diverse event streams into coherent, compact, and near-real-time risk layers, addresses these challenges directly. Such
an approach not only improves data quality and processing speed but also enhances the scalability and accessibility of
environmental analytics, thereby providing a robust technological foundation for sustainable development, emergency
response, and ecological risk assessment.

Heterogeneous streams — textual incident reports, satellite fire detections, station radiation, and weather — are difficult
to align. Time zones and units drift; schemas diverge. The objective is a lightweight, reproducible path from raw feeds to
daily risk and demand layers with seconds-level latency. The approach combines a modular ingest interface, deterministic
homogenization, and H3-based materialized views implemented in DuckDB.
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Concretely, source adapters emit rows in a unified event schema. The DEH stage converts all timestamps to UTC-naive
time, harmonizes units (dose rates in sieverts, wind in m/s), validates coordinates, and performs idempotent upserts using
a natural key. For FRP, we bin points into 15-minute micro-tiles at H3 r10 and take MAX (FRP) per bin/cell to collapse
overlapping satellite detections. Daily rollups at H3 r7 then join FRP with OSINT hits, radiation signals, and a wind-
alignment proxy. Materialization is expressed in SQL and executed inside DuckDB, eliminating external orchestration
while keeping refresh logic transparent and testable.

Related research

Prior work on real-time environmental analytics clusters into six lines: compute engines, spatial indexing, fire products,
radiation networks, meteorological proxies, and access/transport. We outline each and note trade-offs.

Studies on embedded columnar databases show that single-node, vectorized SQL can meet interactive workloads
without a separate server. DuckDB typifies this class and reports high scan and aggregation rates on commodity
hardware [1]. This line reduces latency and operations, but it shifts responsibility to schema design and careful
memory use.

Multiscale summarization commonly uses hierarchical tessellations. H3 offers hexagonal cells with stable parent-
child relations and neighborhood structure, enabling consistent rollups and topology-aware joins across resolutions
[2]. Hexagons limit orientation bias and support regional statistics, yet cell area still varies with latitude and must be
considered in analysis.

Active-fire research relies on satellite detections and fire radiative power. FIRMS distributes MODIS/VIIRS data that
many authors composite in space and time to handle overlapping overpasses and repeated hits before daily or regional
summaries [3, 4]. Typical choices include temporal binning and cell-level maxima or sums; these increase robustness but
can suppress short-lived transients.

Environmental dose monitoring aggregates heterogeneous stations. Platforms such as EURDEP and community
networks face mixed units (nSv/h, pR/h, CPM), uneven cadences, and diverse device quality. Published workflows
emphasize unit harmonization, timezone normalization, and basic outlier screening prior to regional synthesis [5, 6].
Harmonization improves comparability, but device-specific calibration remains an open issue.

When full dispersion models are infeasible, open weather APIs supply wind direction and speed as lightweight
surrogates for transport and exposure. Prior studies combine directionality with source locations to approximate downwind
influence or to weight risk indicators at grid scale [7]. Such proxies scale well, though they cannot replace plume physics
in complex terrain or stability regimes.

Response and demand depend on movement over networks. Open street-graph tooling (OSMnx) and open routing engines
(Valhalla) enable isochrones and travel-time metrics on public data [8, 9]. This body of work supports “reachable population”
and logistics-aware assessments without proprietary datasets, at the cost of careful preprocessing and profile tuning.

The literature indicates that embedded OLAP can satisfy sub-second analytics [1]; hierarchical hex grids provide
stable spatial rollups [2]; satellite and sensor products require deterministic preprocessing before aggregation [3—6]; and
open routing stacks make travel-time analysis tractable on public data [8, 9]. These strands define the current toolkit for
building compact, reproducible systems in this domain.

Proposed modular data unification pipeline

We integrate four streams that stress different parts of the pipeline yet fit a single long-format events table: timestamp_
utc (naive UTC), lat, lon, metric, value, unit, source, and extra_json (for provenance and device/product fields).

OSINT messages arrive as text with local timestamps and geocoded coordinates; FIRMS provides numeric FRP
detections in UTC; radiation networks mix dose-rate units and CPM from heterogeneous stations; weather delivers
gridded wind direction and speed. The PSAI adapters map each native record to the schema and pass a #z_hint where
needed so DEH can standardize time and units deterministically (Table 1).

Table 1
Mapping of source-specific fields to the unified events schema
Source Tll?::itg)mp Lat/Lon (orig) Metric Value (unit) Normalized events schema

OSINT ISO 8601 (local) | Geocoded text hit_reported 1 (count) timestamp_utc, lat, lon, metric="hit_reported’,
value=1, unit="count’, source="osint’, extra_
json={‘msg_id’, ‘channel’}

FIRMS Date + time latitude/longitude | frp_* FRP (MW) timestamp_utc, lat, lon, metric="frp_*’, value=FRP,

(MODIS/VIIRS) | (UTC) unit="MW’, source="firms’, extra_json={‘product’,
‘confidence’}

Radiation (y) ISO 8601 (UTC) | station coords gamma,gamma_cpm | nSv/h or CPM | timestamp_utc, lat, lon, metric, value, unit,
source="radiation’, extra_json={‘station_id’, ‘device’}

Weather (Wind) |ISO 8601 (UTC) | grid cell center wind_dir,speed degorm - s7! | timestamp_utc, lat, lon, metric, value, unit,
source="weather’, extra_json={ ‘provider’}
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Each row in the events table captures a single measurement or event. For instance, an OSINT “%it_reported” event is
stored with value 1 and unit count, whereas a satellite fire detection includes an FRP value in megawatts.

The radiation feed shows how we normalize units: if a station reports 20 pR/h (microRoentgens per hour), the adapter
converts it to approximately 0.175 uSv/h (microsieverts per hour) for consistent gamma dose units. Likewise, wind is
split into direction and speed metrics. This uniform schema keeps joins predictable and enables vectorized scans and
aggregations inside DuckDB.

Our pipeline’s architecture follows a modular ingest and homogenization design. The Plugin Source Adapter Interface
(PSAI) allows each data source to implement a small adapter that pulls or receives data and emits normalized event
rows. For example, one adapter might call a REST API or read a file and then yield events via a common interface
(Python generator of dicts). Each adapter handles source-specific parsing: decoding timestamps, parsing coordinates, and
extracting the relevant metrics. This modular approach means we can hot-swap new data sources without altering the core
pipeline — just plug in a new adapter that conforms to the interface.

All adapters feed into a central Deterministic Event Homogenization (DEH) stage. The DEH applies consistent rules
to every incoming event record.

1. UTC conversion. All timestamps are converted to naive UTC datetime objects. If an event timestamp lacks
timezone info, a source-specific hint (provided by the adapter) or default UTC is applied.

2. Unit harmonization. Values are converted to a base unit when necessary (e.g., radiation counts per minute might
be converted to dose rates, different radiation units to Sieverts, etc.). This ensures metric and unit pairs are consistent (no
mix of “uR/h” vs “nSv/h” in final data).

3. Geo validation. We ensure latitude and longitude are present and within valid ranges. An event without valid
coordinates may be dropped or flagged, unless the metric inherently has no location (in our case, we mostly handle spatial
data, except some aggregate metrics).

4. Idempotent upsert. Using a natural key (combining source, metric, time, and location), the pipeline checks if an
event is already in the database. This prevents duplicate inserts when a source re-sends the same data or when our adapters
restart. It is crucial for stable aggregates downstream.

After homogenization, events are inserted into a DuckDB database table (events) and a live view (events_live) that
may hold the latest window of data. This design avoids network overhead and leverages DuckDB’s vectorized execution
for fast in-memory analytics. By embedding DuckDB, we get high performance on analytical queries in a small footprint,
similar to how SQLite serves OLTP but here for OLAP workloads (Fig. 1).

On the query side, we implement a lightweight spatio-temporal Command Query Responsibility Segregation
(ST-CQRS) pattern. The Command side (ingest) continuously appends events and updates intermediate aggregates,
while the Query side reads from pre-computed materialized views for fast responses. Rather than heavy external stream
processing frameworks, we leverage DuckDB’s ability to maintain materialized tables via SQL.

H3 Aggregation & Views
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Fig. 1. PSAI-DEH to H3 Risk/Demand (ST-CQRS)
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The core of our spatial aggregation is the H3 geospatial index. H3 divides the world into hexagonal cells at
varying resolutions (r0 through r15). Each H3 cell has a unique 64-bit index identifying its location and level in the
hierarchy. We use resolution 10 for fine-grained “micro-tiles” (~ hexagons with side length ~0.3 km, area ~2 km?) and
resolution 7 for daily summary tiles (~ hexagons ~20 km across, area ~1,200 km?). An H3 cell at r7 is the “parent”
of many r10 cells (specifically, each hexagon splits into 7 children at the next finer resolution in this hexagonal
hierarchy. This hierarchy makes it easy to aggregate data: we assign each event to an r10 cell, then roll up to r7 by
using H3 parent indexing.

We maintain two main materialized view tables in DuckDB (which we refresh periodically or on new data).

* 15-min H3 r10 micro-tiles: this intermediate table groups events into 15-minute time bins and H3 r10 cells. It is
primarily used to deduplicate and aggregate high-frequency data like fire detections.

» Daily H3 17 views: using the micro-tiles, we aggregate up to daily values on H3 17 cells. These form the risk h3
daily and demand h3_daily tables, which can be queried or exported.

DuckDB’s efficient columnar engine and SQL support make these rollups fast and easy to manage with SQL
statements. We chose DuckDB for its embeddability and performance: it can scan and aggregate millions of rows per
second in-memory, and it supports direct operations on Parquet files with zero serialization overhead. For our use case
(a national-scale dataset updated in real-time on a single machine), DuckDB provides near real-time query capability
without the complexity of a distributed database. It essentially allows us to implement the CQRS pattern in-process:
writes (commands) affect base and aggregate tables, and reads (queries) hit the pre-computed daily views.

Research results

Time, Units, and Idempotency. All inputs are standardized to naive UTC; if tzinfo is missing, adapters pass a hint
before conversion. Units are normalized deterministically (radiation dose rates to sieverts; wind to m/s). A hashed natural
key (metric, timestamp utc, lat, lon, source) enforces idempotent upserts so restarts or late arrivals do not duplicate
records. Parquet snapshots persist daily risk_h3 daily and demand h3_daily for archival exchange.

FRP Micro-Aggregation (r10 x 15-min). FIRMS detections from overlapping satellites can over-count the same fire.
We assign each event to an H3 r10 cell and a 15-minute bin, then take the MAX (FRP) per bin/cell.

This collapses duplicates while preserving peak intensity and matches the VIIRS 375 m footprint used to set r10
granularity (Table 2).

Table 2
DuckDB SQL: r10 15-min FRP dedup (MAX per bin/cell)

CREATE OR REPLACE TABLE frp_dedup_15m r10 AS
WITH s AS (SELECT date_trunc(‘minute’, timestamp)

- INTERVAL (EXTRACT(minute FROM timestamp)::INT % 15) MINUTE AS ts_15m,
h3 latlng to_cell(lat, lon, 10) AS h3 r10,

value AS frp

FROM events

WHERE metric LIKE ‘frp_%’

AND lat IS NOT NULL AND lon IS NOT NULL)
SELECT ts_15m, h3_r10, MAX(frp) AS frp_max

FROM s

GROUPBY ts_15m, h3 r10;

Daily Rollup (r7). The micro-tiles roll up by parent using *h3 cell to parent(..., 7)°, and we sum ‘frp_max’ by day
and r7 cell, r7 balances regional interpretability with compact storage. The resulting ’fip daily r7’ table becomes a
component in risk (Table 3).

Table 3
DuckDB SQL: r7 daily rollup from r10 micro-tiles

CREATE OR REPLACE TABLE frp_daily 17 AS
SELECT

CAST(ts_15m AS DATE) AS d,

h3_cell to parent(h3 r10, 7) AS h3 r7,
SUM(frp_max) AS frp_sum

FROM frp_dedup_15m_r10

GROUPBY d, h3 17,

Risk and Demand Materialization. Daily risk combines OSINT hit counts, log-scaled FRP (’/n(1+frp_sum)’), a simple
radiation positive proxy, and a wind-alignment proxy. Demand multiplies risk by 17 population.
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We keep weights explicit in SQL to ease tuning and audits; joins use integer H3 ids and convert to strings only at
export (Table 4).

Table 4
DuckDB SQL: simplified daily risk composition

CREATE OR REPLACE TABLE risk _h3_daily AS

SELECT

r.d,

rh3 r7 AS h3,

COALESCE(h.n_hits, 0) AS n_hits,

COALESCE(r.frp_sum, 0) AS frp_sum,

COALESCE(g.rad_pos, 0) AS rad_pos,

COALESCE(w.wind_align, 0) AS wind_align,

0.5 * COALESCE(h.n_hits, 0)

+ 0.3 * In(1 + COALESCE(r.frp_sum, 0))

+0.1 * COALESCE(g.rad pos, 0)

+ 0.1 * COALESCE(w.wind_align, 0) AS risk_score

FROM frp daily r7r

LEFT JOIN hits_daily r7 AS h USING (d, h3_r7)

LEFT JOIN gamma_daily h3 AS g ON (g.d =r.d AND g.h3 =rh3 17)
LEFT JOIN wind_daily h3 AS w ON (w.d =r.d AND w.h3 =r.h3 17);

Measured Behavior. On an M2 laptop, end-to-end updates are typically sub-second; FRP dedup reduces raw points by
~99 %; ’risk_h3_daily’ materialization reaches tens of thousands of rows per second. Indicative values are summarized
below (Table 5).

Table 5
Engineering metrics (measured)
. Value
Metric Scope (median) p9s Notes

Ingest - MV latency (24h window) | end-to-end update 0.089 s 0.923 s | sub-second typical

Ingest - MV latency (heavy days) ranked by FRP U Hit tiles 0.0303 s 0.0366 s | warm path

FRP dedup reduction r10 x 15-min MAX(FRP) 0.8-0.9 % — ~99 % removed

MV throughput (risk_h3_daily) rows/s (examples) 31.9-55.3k - five heavy days

Storage footprint (daily) Parquet exports ~0.0-0.1 MB - sub-megabyte footprint (typically tens of kilobytes)

Conclusions and future work

This research shows that a small, deterministic pipeline — PSAI ingest, DEH normalization, and H3 aggregation
in DuckDB - yields daily risk and demand layers with seconds-level latency on a single machine. The design favors
reproducibility and clarity: adapters emit the same shape of events; DEH enforces UTC and units; aggregates are expressed
in SQL; and storage remains compact. The evaluation confirms low-latency updates, extreme FRP deduplication, and
high materialization throughput, which together are sufficient for national-scale monitoring on laptop-class hardware.
Future improvements are straightforward. Late and corrected data can be handled with short grace windows on micro-
tiles, followed by targeted refresh of impacted r7 days. Radiation harmonization should move beyond fixed factors
toward sensor-specific calibration curves and cross-validation against regional baselines. Wind influence can progress
from a proxy to directional plume modeling that links sources to downwind population. Network travel times, built
with OSMnx and Valhalla, can transform demand into “reachable population” and support logistics decisions under
constraints. Solar-angle adjustments for FRP and more robust anomaly detection will raise signal quality without
changing the core interfaces. Incremental refresh strategies and lightweight change data capture for ‘events’ can reduce
compute even further as volumes grow — all while preserving the deterministic contracts that make the system easy to
operate and extend [1-9].
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