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Transportation and logistics organizations operate in a 

data environment defined by high volume, velocity, and 

variety. Systems generate signals across orders, dispatch, 

assets, telemetry, and settlement. Leaders want trusted 

metrics faster—without sacrificing governance, security, or 

cost control. 

This article outlines a pragmatic lakehouse approach on 

Google Cloud BigQuery. It combines Bronze/Silver/Gold 

layers, hybrid modeling, data quality, and governed 

consumption to preserve raw data, curate reliable entities, 

and publish BI‑ready outputs that are fast and cost‑efficient. 

I. WHY TRANSPORTATION DATA CHALLENGES 

TRADITIONAL DESIGNS 

Typical inputs span transactional records (orders, stops, 

invoices), event streams (status changes, telemetry), and 

semi‑structured payloads (JSON from partner APIs). A “data 

lake only” approach can be hard to govern and tune for 

interactive BI, while a “warehouse only” approach can be 

rigid for raw retention, schema evolution, and event‑level 

history.  

A lakehouse pattern pairs economical raw retention with 

warehouse‑grade governance and performance for curated 

outputs. 

II. LAKEHOUSE ARCHITECTURE IN THREE LAYERS 

(BRONZE / SILVER / GOLD) 

A practical lakehouse is a layered design where data 

quality improves across tiers: Bronze (raw), Silver 

(validated), and Gold (business‑ready). 

• Bronze (Raw): Immutable landing of batch files, 

streaming events, and CDC payloads; preserve original 

payloads for audit and replay. 

• Silver (Curated): Conformed entities and standardized 

events with deduplication, late‑arriving handling, and 

data quality checks. 

• Gold (Analytics): KPI‑ready tables and certified views 

optimized for BI and feature engineering. 

 

 

Figure 1: Reference lakehouse architecture on BigQuery. Diagram created and adapted by the author for explanatory purposes. 
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III. INGESTION PATTERNS (BATCH + STREAMING + 

CDC) 

Most data platforms bring data in three main ways. The 

key idea is to load all data first into the Bronze layer in a 

consistent way, and then clean and organize it into trusted 

Silver tables and analytics-ready outputs. 

Batch ingestion is used for things like financial 

settlements, reference data, and historical backfills. These 

pipelines should be safe to run multiple times without 

creating duplicates. Data is usually stored by ingestion date 

or business date, so only the affected data needs to be 

reloaded instead of refreshing everything. When the data 

structure changes, it’s better to keep multiple versions—

store the original data as received and also a cleaned 

version—so reporting logic can change without pulling data 

again from the source. 

Streaming ingestion is used when near real-time 

visibility is needed, such as for operational events. Best 

practices include processing data based on when the event 

actually happened (not just when it arrived) and handling 

late-arriving events correctly. Data should also be 

periodically compacted so many small files don’t build up 

and increase cost or slow queries. 

CDC (Change Data Capture) tracks changes in 

transactional systems, such as inserts and updates. These 

changes should be treated like events and then merged into 

the current Silver tables using clear rules—typically based 

on a primary key and the most recent update time.

 
Figure 2: Streaming and analytics pattern in a hybrid lakehouse. Diagram shown for conceptual reference. 

IV. DATA MODELING STRATEGY: HYBRID HISTORY + 

FLATTENED FACTS 

Transportation analytics works best when data is kept in 

two useful forms. One form keeps detailed event history 

so teams can investigate issues and understand what 

happened. The other form uses simplified, summarized 

data so dashboards run fast and KPIs stay consistent. This is 

called a hybrid approach. 

In the Silver layer, data is stored at a detailed level. This 

includes events and core business entities such as shipments, 

stops, invoices, assets, and telemetry. Keeping this level of 

detail allows teams to replay an entire shipment or order 

lifecycle and perform root-cause analysis when problems 

occur.  

Silver is also where data is cleaned—duplicates are 

removed, late-arriving records are handled, and things like 

time zones, codes, and IDs are standardized so the data stays 

consistent. 

In the Gold layer, data is simplified for reporting. Here, 

teams publish flattened fact tables and certified views that 

reduce complex joins and make dashboards easier to build 

and maintain. Common examples include dispatch and 

execution summaries, stop performance metrics, asset 

utilization, billing and accessorial summaries, and 

cost-to-serve analytics. A well-designed flattened fact 

combines planned versus actual times, operational measures 

like dwell time, financial values such as linehaul and fuel, 

and key details like customer, lane, and equipment 
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V. BIGQUERY IMPLEMENTATION BLUEPRINT 

(PRACTICAL CHOICES) 

Standardizing a few foundational decisions keeps a 

BigQuery lakehouse scalable: dataset organization, 

performance-aware table design, incremental processing, 

and governed access—skills commonly covered in a best 

data science course focused on modern cloud platforms. 

Using a clear dataset naming convention helps reduce 

confusion and makes security easier to manage. For 

example, organize datasets by layer and business area, 

such as bronze_ops, silver_ops, gold_ops or bronze_fin, 

silver_fin, gold_fin. This makes it obvious where data 

lives, helps apply security rules consistently, and makes it 

easier for analysts and data scientists to know which 

datasets they should query. 

• Storage and datasets: Store raw data files in object 

storage for the Bronze layer. Use BigQuery datasets for 

cleaned (Silver) data and analytics-ready (Gold) data, 

organized by layer and domain. 

• Partitioning and clustering: For large tables, partition 

data by business date when possible. Use clustering on 

commonly used keys—such as shipment or order ID, 

customer, or lane—to reduce how much data is scanned 

and lower query cost. 

• Incremental processing: For Silver tables that represent 

the current state, update data incrementally using merge 

logic instead of full reloads. For event data, append new 

records by partition and handle late-arriving data with 

targeted updates rather than rewriting entire tables. 

• Governed consumption: Apply dataset-level access 

controls so users only see what they need. Use 

authorized views to share curated data safely, and apply 

column-level protection for sensitive fields. Track and 

audit access for compliance. 

• Cost controls: Encourage users to query through 

certified views, enforce partition filters on large tables, 

and create summary or aggregated tables for dashboards 

that run frequently. 

VI. GOVERNANCE, SECURITY, AND DATA QUALITY 

(BUILT IN) 

A strong data platform works best when ownership is 

clearly defined. Each major business area—such as 

Operations, Finance, and Assets—should have an owner 

responsible for the data in that domain. A central governance 

team then maintains shared KPI definitions, a KPI catalog, 

schema standards, and decides which Gold datasets are 

officially certified and trusted. 

Security should follow the “least privilege” principle, 

meaning users only get access to what they need. This is 

done through role-based access, authorized views, and extra 

protection on sensitive columns. All access should be logged 

and audited so teams can enable analytics widely without 

exposing sensitive information like driver details or pricing 

data. 

Data quality should be built into the Silver layer, not 

handled later. This includes checks for duplicates, missing 

values, valid relationships between tables, correct event 

ordering, and reasonable timestamps. When quality issues 

are found, they should be treated like incidents—recorded, 

assigned to owners, and tracked until fixed—so data quality 

improves over time instead of being handled case by case. 

VII.    DELIVERY ROADMAP (0–20 MONTHS) 

A phased rollout reduces risk and delivers value quickly: 

• Phase 1 — Foundation (0–6 months): Bronze landing 

and ingestion standards; baseline governance; first 

Silver curated entities. 

• Phase 2 — Scale‑out (6–12 months): Expand Silver 

conformance; implement data quality monitoring; 

publish initial Gold facts; formalize dataset contracts. 

• Phase 3 — Optimization & intelligence (12–20 

months): Tune performance and cost; harmonize KPIs; 

publish feature‑ready curated datasets for ML. 

Typical outcomes include improved service reliability 

(stop adherence and exception monitoring), better cost 

transparency (accessorial leakage and profitability by 

lane/customer), and stronger readiness for predictive 

analytics through feature‑ready curated datasets. 

VIII. CONCLUSION 

A BigQuery-based lakehouse brings raw data, cleaned 

data, and reporting data together in one place. By 

organizing data in layers, keeping detailed history where 

needed, and building governance and quality checks into the 

platform, organizations can avoid duplicate data, get insights 

faster, and support advanced analytics—while still keeping 

costs under control and data secure. 

IX.  KEY TAKEAWAY 

• Keep raw truth in Bronze so teams can replay and 

reprocess when logic changes. 

• Validate and standardize in Silver to create trusted, 

reusable entities. 

 

https://bostoninstituteofanalytics.org/data-science-and-artificial-intelligence/
https://bostoninstituteofanalytics.org/data-science-and-artificial-intelligence/
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• Publish Gold flattened facts for fast BI and consistent 

KPIs. 

• Use of authorized views and policy tags to enforce least 

privilege and protect sensitive data. 
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