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[bookmark: _Toc109726520]Abstract

The objective of this project is to research the feasibility of creating a weather database platform for Stantec to replace legacy software, and with that, develop and implement a proof of concept using the historical data load aspect of the project. The first section of the report contains a detailed literature review of all the main components needed to meet the objective of the project. Once the research was completed the development methodology Scrum was utilised to create a development plan consisting of four different sprints to develop each major section of the project. Each sprint was then developed consisting of Data Acquisition, Cloud Environment, ETL and user interface. The implementation of the project was successful, and an accessible weather database platform was created that would allow users to access weather data and would also allow further development. This proof of concept will now be pitched to Stantec to understand whether it can be implemented into the existing company systems.

[bookmark: _Toc109726521]1.Background

Stantec is a multi-discipline professional services company in the consulting industry. For the past few years Stantec has put more focus on delivering digitally focussed projects to its clients to help them meet their requirements, which led to the creation of a dedicated digital team in the UK. This digital team sits within the water community of practise which means most of the team’s work is focussed on delivering projects to meet requirements of the water sector in the UK. Some of these requirements are driven by both the economic and environmental regulators, Ofwat being the economic regulator, is responsible for the privatised water and sewerage industry in England and Wales and the Environment Agency governs the environmental regulations imposed on water companies. Whether a client’s requirements are driven by the industry regulators or the request to improve existing processes, Stantec has helped its clients achieve their projects with the introduction of a range of digital tools. 
[bookmark: _Toc109726522]2.Introduction

The main aim of this project is to design and develop a cloud-based solution to replace a current deprecated piece of software called Infinity. Infinity was developed by Innovyse in 2014 and was described as a Revolutionary Smart Water Solution [that] Provides Critical High-Impact Water Infrastructure Operations and Performance Insights Through a Simple Web-based Interface[1]. It combined the use of a server-side database for the collection and storage of time series data with a simple web-based interface to enable users to view insights in near real time. Infinity never really took off as it was intended to and at Stantec we adopted Infinity and instead used it as a historic weather database. It was used to collect and store the environment agency’s open-source weather data across England from 2017 onwards. This data is invaluable in the work that we do at Stantec, as most of the work we do in the UK is for the water industry, rain data plays a huge part of every project we undertake because rain accounts for huge amount of water entering the sewer network. Colleagues having easy access to it allows them to put this data to work to help create informed decisions for our clients. The database behind Infinity called ICM TSDB is a data storage and retrieval system built specifically for time series data and was implemented in an on-premise server. There were two main issues with Infinity, it is no longer supported so it conflicts with Stantec’s cyber security policy, and it also requires resources to keep it operating on an already out of date server. These issues led to it being decommissioned meaning that employees no longer have direct access to weather data and must request the information from the Environment Agency for every project that requires it. 

The objective of this project is to research the feasibility of creating a replacement for Infinity, and with that, develop and implement the historical data load aspect of the project. Data will be requested from the Environment Agency, uploaded to a suitable cloud-based database via a developed ETL process and a front end will be developed to access that data using Power BI. The following report will outline the research, development, and implementation of the above objective. 

[bookmark: _Toc109726523]3. Literature Review

[bookmark: _Toc109726524]3.1 Cloud versus On-Premises Computing

When evaluating new solutions for computing there is an increasingly common need for IT developers to look at cloud computing options. Cloud computing is the utilisation of computing services on demand over the internet (“the cloud”) usually with subscription-based pricing. These computing services can include servers, storage, software, databases, networking and many more. The aim of cloud computing is to offer flexible resources and scalability with the intention of reducing costs, need for maintenance and increasing efficiency. Instead of buying and maintaining physical hardware, you can access computing services on an as-needed bases from a cloud provider [2]. 

On-premise computing refers to computing services and software applications that are hosted on-site. This would require the users to purchase the hardware/ software required to host certain computing services, which is often a large upfront expense. This also means that the hardware/ software would require additional personnel for the management and maintenance of these services [3]. There are two main advantages to on-premises computing:
One is data protection. The data is stored locally on-premise meaning that the user has total control over it and its security. It means that sensitive data does not have to leave the premises. 
A second advantage of on-premise computing but a big disadvantage of cloud services is that if network issues occur and internet connections are interrupted, employees would still have the ability to access on premise services. 

A huge variety of organisations from small start-ups to large government departments use cloud computing, whether it be to send emails, watch films or store files and data. There are three companies that are seen to be the top providers of cloud services in the industry [4]:
· Amazon Web Services
· Google Cloud Platform
· Microsoft Azure 
Microsoft Azure is widely accepted in the water industry as the prominent cloud provider, it is also Stantec’s cloud provider and many project solutions have been developed and deployed onto the platform, therefore it will be the platform that is used as part of this project.

There are three main types of cloud computing services which include Infrastructure as a Service (IaaS), Platform as a Service (PaaS) and Software as a Service (SaaS). They are sometimes referred to as the cloud computing “Stack” as they are often built on top of each other in layers with each layer containing more services that are managed by the cloud provider as shown in the figure and described below [5] [6]:
[image: IaaS vs PaaS vs SaaS]
[bookmark: _Toc109144016]Figure 1: Cloud Computing Types [6]


Infrastructure as a Service
IaaS is a cloud service where the provider manages the infrastructure for you, aspects like the servers, storage, networking, and virtualisation. This is the most basic level of cloud computing and the user essentially just rents the infrastructure. The user will manage the other elements involved in their solution; however the provider is responsible for the hardware, and taking care of outages and maintenance.

Platform as a Service
PaaS is a cloud service where hardware and software are managed by the cloud provider and the user would manage any apps or data that are running on the platform. PaaS is often used by developers as a shared platform for application development and management without the need to set up or manage the underlying infrastructure. 

Software as a Service
SaaS is a cloud service that delivers software application over the internet, normally on a subscription basis. Cloud providers host and manage the application as well as any infrastructure and any maintenance required on both the hardware and software. Users connect to the software over the internet, often using a web browser on their PC, mobile phone or tablet. 

Utilising the cloud for prototype development has several benefits and the most significant one is the reduction in upfront costs and development time. When developing a proof of concept, it is often difficult to secure large amounts of funding upfront from stakeholders for hardware and stakeholders often want to see potential solutions quickly. Cloud computing can be a vastly cheaper alternative to on premise solutions and grant more rapid access to technology [7]. Therefore, cloud computing will be utilised as part of this project. 
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Research conducted in an earlier research paper titled “Evaluation of Current Time Series Visualisation Techniques” concluded that Power BI is the best candidate for visualising time series data for both Stantec and our clients. The following section is a snippet of the research paper outlining Power BI:

“Power BI is developed by Microsoft. Power BI is described as an online software service that lets you quickly and easily create self-service business intelligence dashboards, reports, datasets, and visualisations. Power BI has been ranked as a leader in the Gartner Magic Quadrant for 14 consecutive years. Power BI is a data analytics service that allows a user to visualise data and share insights. It ingests data from different sources to allows the user to build interactive dashboards and reports. 

Gartner explains that a key benefit of Power BI is its close alignment with other Microsoft software that is regularly used by Stantec’s clients, such as Office 365 and Teams. They also comment on the price/ power combination that Power BI offers, mentioning that the influence of Power BI has reduced the price of software tools in this market since its launch. Some of the cautions mentioned are gaps between on-premises and cloud-based versions, however Stantec and its clients are currently already moving more towards cloud-based services. Microsoft does not give the customer any flexibility in the IaaS (infrastructure as a Service) offering as Power BI runs only in Azure, again this is not a problem for Stantec and its clients as this is the IaaS of choice across the industry. One downside mentioned by the Gartner report is the “the way in which Power BI handles the promotion and publication of content can lead to a significant administrative overhead for customers.”[9] This is recognised as an issue Stantec has had experience with when publishing new versions of dashboards/reports.

Table 1 - Power BI Objective Categories [10] [11]
	Category
	Description

	Security
	"The product has earned the highest security classifications available in the industry" 
Many Datacentres
Azure Active Directory for authentication
Row Level Security an option

	Functionality
	Time series possible although limitations to number of series
Direct Query functionality allows connection to Azure cloud services
Limit of 1million rows for cloud sources

	Cost
	Power BI premium per user - $20
Power BI Premium per capacity $4995

	Client Access
	Users need to be added as guests to Azure Active Directory 

	Efficient Development
	Easy drag and drop functionality, with features that allow you to copy all formatting across similar visualizations. Microsoft interface which most users are familiar with

	User Interface
	Power BI makes things visually appealing, option to add a theme


”[8].
[bookmark: _Toc109726526]3.2.1 Dataset Modes

Power BI offers three dataset modes for the visualisation of data in the tool. Each mode offers various advantages and disadvantages depending on a number of factors, such as data type, size of data and how the data is currently stored [12]:

Import
Import is the most common dataset mode in Power BI. It offers extremely fast performance due to in-memory querying and offers support for specific features. It is the default storage mode. Using import mode means that data is imported and stored to disk, and when queried or refreshed data will need to be fully loaded into the memory of the Power BI capacity, this is what allows for fast query results, however, data cannot be partially imported. When data is imported it is compressed and optimised then stored to disk using the VertiPaq storage engine which means it is possible to see ten times compression – it would be considered reasonable to see 10gb of source data compressed to 1gb. 

Although the import mode offers advantages, and it is commonly used for most day-to-day reporting in Power BI there are also disadvantages:
· The entire dataset must be imported into memory before any querying can take place on the dataset putting pressure on resources as the size of import data models grow
· Import data is only as current as the latest import or refresh, therefore import data models will need a scheduled refresh for the data to remain up to date
· A full refresh of data removes all data from the tables in the data model and reloads them from the data source. This can be expensive from a resourcing point of view

DirectQuery mode

Data models developed in DirectQuery mode don’t import data to disk. They consist of metadata defining the model structure and when the data model is queried, native queries automatically retrieve the data from the source. There are two key reasons to develop a DirectQuery data model in Power BI: 
· When the underlying data source is too large to import into a data model or practically be able to be refreshed
· Where the intention is to deliver “near real-time” data. Although Scheduled Refresh can refresh data up to 48 times a day, it is not practical to refresh large datasets in their entirety on a regular basis

There are several advantages to using this dataset method:
· Import data limits are not applied
· Scheduled data refreshes are not required
· End users will always see the latest data when interacting with the report/ dashboard
· Near real-time reports can be developed

There are also some limitations with the method:
· Power Query expressions and DAX (Data Analysis Expressions) can only be transposed to a native query if understood by the data source
· Some features aren’t supported
· Only certain underlying data formats are supported

Composite Mode
Composite mode can contain both Import and DirectQuery modes. In PowerBI table storage modes can be configured to be Import, Direct Query or Dual, a table configured as dual contains both imported data and direct queried data. Composite models are designed to produce the best of both Import and Direct Query and when developed appropriately, they can deliver the high performance of in memory data with the ability to provide near real time capability. 

[bookmark: _Toc109726527]3.2.2 Normalised vs Dimensional Data

There are two main types of data processing systems when it comes to storing and processing large amounts of data, Online Transactional Processing (OLTP) and Online Analytical Processing (OLAP). OLTP systems use a relational structure and are designed to be efficient in processing simple transactions in large numbers. Some examples of OLTP systems include, online transactions, banking, and booking systems. OLAP systems are what represent data warehouse structures, predominantly used in for business insights and analytics [13]. 

OLTP structures are normalised, meaning that data is stored in tables with established relationships between them that are designed to eliminate redundancy and inconsistent dependency. There are a set of rules to establish the level of normalisation in a database and each level is called a “normal form.” Although there are more levels of normalisation possible, third normal form is the highest necessary for most applications [14]:

· First Normal Form:
· Each table should contain at least a single value
· Each record should be unique
· Second Normal Form:
· Create separate tables for values that don’t apply to multiple records
· Relate the tables with a Primary and Foreign Key
· Third Normal Form:
· Eliminate fields that don’t depend on a key

OLAP uses a dimensional data structure and is a technique optimised for data storage in a data warehouse for fast data retrieval. The concept of data modelling was developed for Ralph Kimball and consists of “fact” and “dimension” tables [15]. Fact tables normally contain the measurements or metrics that you want to quantify, an example might be quarterly sales. They are also the primary tables in dimensional modelling and contain foreign keys to dimension tables. A dimension table provides the context to the element you want to quantify, for quarterly sales it might contain information like customer names, locations, or product names. There are two main schemas that are utilised in dimensional modelling [16]:


Star schema
This schema gets its name from the design of it resembling a star. The centre of the star consists of the fact table and the points of the star are the dimension tables. The fact table of stars are normally in third normal form whereas the dimensional tables are de-normalised. 
[image: Diagram
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[bookmark: _Toc109144017]Figure 2: Example Star Schema [17]
	
Snowflake Schema
Similarly, to a star schema, the snowflake schema is named this because its general shape represents a snowflake. The snowflake schema is a variant of the star schema, a centralised fact table is connected to dimension tables with another level of relationship to child tables. 

[image: Diagram
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[bookmark: _Toc109144018]Figure 3: Example Snowflake Schema [18]
 It is an extended star schema where additional dimension tables are joined to the original dimension tables. 

Microsoft describe the star schema as:
“highly relevant to developing Power BI models that are optimized for performance and usability”[19].

The aim of data visualisation is to visually communicate information clearly and efficiently to users. Power BI offers a flexible data visualisation platform that has been developed to work directly with the Azure cloud environment and other Microsoft products such as the power platform [20].

[bookmark: _Toc109726528]3.3 Freedom of Information Request

Anyone has the right to ask for data that is held by public authorities. Public authorities include government departments, local councils, schools, the NHS, publicly owned companies, and the emergency services. The Freedom of Information Act (FOIA) gives you the right to see this information. Environmental information requests are handled under the Environmental Regulations (EIRs). You can also request environmental information to both public and private companies if they have a responsibility to the public, such as a water company [21].

The official Freedom of Information Act 2000 legislation reads,
“(1) Any person making a request for information to a public authority is entitled—
(a) to be informed in writing by the public authority whether it holds information of the description specified in the request, and
(b) if that is the case, to have that information communicated to him” [22].
To make a Freedom of Information Request (FOI) you must do so by writing a letter, email or filling out an online form. Once requested the organisation has 20 working days to respond.
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ETL, which stands for Extract Transform and Load is a process that data professionals use to extract information from different sources (API, Database or file), transform the data into a new structure, and load that data into different systems that will be accessed by end users [23].

Python can be used for a wide range of applications, some include creating web applications, working with database systems, and performing complex mathematics. Python works on multiple different platforms and has a similar syntax to the English language; this is because it was designed for readability. It is designed to be an easy-to-use language which makes it ideal for prototype development. It comes with a large library that supports common programming tasks such as reading and modifying files, connecting to web servers and searching text using regular expressions. Python is copyrighted under an open-source license which means its free to download and re distribute [24]. 

ETL pipelines are developed to move data from source systems, transform it and load it into an optimised storage layer. There are many tools and technologies on offer that could be utilised to build an ETL pipeline and Python is one of them. In particular, the Pandas and SQLAlchemy libraries can be utilised to develop this pipeline. 
Pandas is designed to work with tabular data, such as data stored in databases or spreadsheets. It can be used to explore, clean and process data in what is referred to as a data frame. Pandas can be used to read from and write to many different formats or data sources like excel, csv, json and parquet. It can be used to select subsets of data, create plots, combine data from different sources and it has tools to handle time series data. 

Python will be utilised within this project due to its similarity to the English language, making it easier to understand, which is especially useful when multiple users work on one project. Additionally, it offers a range of libraries that work directly with the data and storage mechanisms that will be utilised as part of this project. 

The above literature review has covered the four main components that will be used in conjunction to develop the replacement Infinity proof of concept. Cloud computing will be utilised at an IAAS level for the server and storage of data. Power BI will be implemented as a front end where users will be able to interact with the data and develop a suitable data model that can be built upon in the future to grant users to more data and additional functionality. The ability to request data from the Environment agency via a Freedom of Information request will be used to receive at least a years’ worth of rainfall data for the whole of England, possibly more if they are willing to provide it. Finally, to turn poorly formatted hard to access data into easy to access usable information, an ETL pipeline will be developed in Python. It will extract the data from the Environment Agency’s raw format, transform it to a suitable format and load it to the database that will feed the front end. The next section of the report will describe the development and implementation of each component to meet the objectives of the project. 

[bookmark: _Toc109726530]4. Development Methodology

For a project to be successfully delivered it needs to be well managed. Moreover, software projects normally follow a slightly different development cycle than those of different disciplines. One example of this would be how a civil engineering team in Stantec develop a project that involves building a physical asset. This type of project would often require a vast amount of planning and follow a more rigid methodology with little room for change once the project commences. This type of rigid methodology is often referred to as a Waterfall Methodology in the IT world [25]. It consists of rigid sequential phases focusing on distinct goals:

1. Requirements
2. Design
3. Implementation
4. Verification
5. Maintenance 

Each stage of the project must be 100% complete before the next stage can commence meaning there is no process for going back to a previous stage to adjust the project. It was a methodology introduced in the 1970s and has been successfully implemented by many software companies. The idea that drives this type of development is that more time spent in the initial stages of project design will lead to less errors or bugs later on [25]. 

Software development on the other hand tends to follow a more agile approach, these techniques have gained traction in software development since the 1990s. In 2001, the agile manifesto was created in response to frustration with the traditional developments process. The manifesto details four values [26]:

· Individuals and interactions over processes and tools
· Working software over comprehensive documentation
· Customer collaboration over contract negotiation
· Responding to change over following a plan

As well as twelve principles it was designed to improve software development methodologies and has had a big impact on the development industry [26]. There are many different forms of agile development including XP (extreme programming), Crystal, Scrum and FDD (Feature-Driven Development). In all forms of agile methodologies, teams develop the software in iterations that contain small additions of functionality [27]. Most agile development methodologies are designed to be implemented with teams, where a leader will set out the goals for each iteration and the team will work to together to meet that set goal. 

Scrum was first introduced in 1997 [28] and has been widely adopted as an agile development method since. Scrum splits different elements of a project into separate iterations which take around 30 days to complete, these iterations are referred to as sprints. At the end of each sprint an increment of the project is delivered. Before a sprint commences, a sprint planning meeting takes place at which point each member of the team is given a task to focus on for the duration of the sprint. The quick turnover of each iteration is maintained by daily scrum meetings, where each team member will feedback to the team about progress, next steps, and any issues that they may be facing and need help to resolve. These daily scrum meetings are headed up by a scrum master who is the leader of the project iteration. Reflectional learning takes place after every sprint which provides a review of the work practices that took place during the sprint to see what went well and what could have gone better. In its original design, the Scrum methodology is designed for small development teams of around six to nine developers and a Scrum master [29]. 
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[bookmark: _Toc109144019]Figure 4: Scrum Process [30]

Although most of this project is being undertaken as an individual, the Scrum methodology will be adopted. This is because it lends itself perfectly to type of project that the objective is set out to achieve. The next section of the report will detail how the project will be split into sprints and will also illustrate the development that has taken place in each sprint.
[bookmark: _Toc109726531]5. Design & Implementation

[bookmark: _Toc109726532]5.1 Development

The objective of this project is to develop a process that will acquire historic rainfall data, extract, transform and load that data into a cloud-based database that can be accessed using a business intelligence platform where the whole lifecycle of the project can be easily developed upon in further iterations. 

To meet this objective the lifecycle of the project will be developed in phases. Phase one will cover the development of the platform as a whole and the development of a process that will allow historical data to be loaded into the platform for user interrogation. Phase two of the project will take place in future work if phase one is deemed a successful delivery. However, to make phase two of the project easier to develop, functionality aspects of phase two will influence the way in which elements of phase one are designed. The project will be broken down into the following sprints:

Phase 1 – Platform development and Historical Rain Data Load
Sprint 1 – Data Acquisition. Gather the required data from the Environment Agency
Sprint 2 – Set up the cloud environment
	Sprint 3 – Development of ETL process
	Sprint 4 – Development of BI Dashboard

Phase 2 – Future Iteration (future work)
Sprint 1 – Incorporate other historic data such as Tide, River levels and Radar Rainfall
Sprint 2 – Develop a daily data acquisition pipeline for available data to create a near real time database
Sprint 3 – Develop a Power App to allow users to download multiple datasets
 
[bookmark: _Toc109726533]5.2 Sprint 1 – Data Acquisition

A freedom of information request was sent to the Environment Agency via email to enquiries@environment-agency.gov.uk. The email requested all available rain, tide and river level data for the year of 2020 or a larger recent dataset if it had already been produced. The initial response was to acknowledge the request and to provide information on other possible ways to get data from the Environment Agency such as their API (application program interface), although this will be used in phase two of this project where the objective is to obtain historical data. There is also an archive where it is possible to download data dating back more than twelve months, however it is only possible to request and download one site at a time. With there being over 900 rainfall sites across England alone this would not have been an efficient method. 

After a period of 12 working days, well within the 20-working day period they are obliged to respond in, the Environment Agency responded to the request. Unfortunately, they were not able to meet parts of the request due to them not being able to resource it, namely providing river levels and tidal data, however they are working on processes that will enable them to provide this data in the near future. This should not affect the development of phase one of the project because they were able to provide rainfall data. They provided a link to an FTP (File Transfer Portal) that contained a file ready to download. The file contained 15-minute totals for all Environment Agency rain gauges for the period of 01/01/2010 to 31/10/2020, nearly 10 years of historical rainfall data. They also provided a Rainfall Station ID mapping spreadsheet as their Environment Agency National Hydrometric Archive (WISKI) uses different station reference numbers to the API and the data sets provided are named by the WISKI station ID. The full response from the Environment Agency can be found in Appendix 1.

The link is to a zipped file contained 14 further zip files – one for each Environment Agency geographic area, with each geographic area containing a varying number of files:

Table 2: Raw data file structure
	Geographic Area
	Number of files

	CLA
	78

	DCS
	100

	EAN
	106

	EMD
	39

	GMC
	29

	HNL
	44

	KSL
	71

	LNA
	61

	NEA
	50

	SSD
	68

	THM
	41

	WMD
	82

	WSX
	67

	YOR
	73



The total raw file count is 909. If each file contained a record for every 15-minute total across the period, then each file would contain approximately 379776 rows of raw data. This would equate to 345,216,384 rows of data if all 909 sites contain a record for every 15-minute total. It’s not likely that each file will contain a complete dataset and there will be a range of different reasons as to why this may be the case, such as communication issues, maintenance issues and poor data. Each file is structured with the same schema, 20 rows containing background information for the site, such as the name, station ID and location. 
The rows proceeding those top 20 rows are the raw data for the site which is where the data contains 9 columns: 
· Time stamp
· Value[mm]
· State of value
· Interpolation
· valid[%]
· invalid[%]
· missing[%]
· Tags
· Comments

For the purpose of this project, we are only interested in the Time stamp, Value[mm] and the State of value. All 909 raw files will be extracted, transformed and loaded to a database using an ETL process developed later in the project. A partial extract of an example raw data file can be found in Appendix 2. 

The data provide by the Environment Agency is provided under the Open Government License which “encourages the use and re-use of the Information that is available under this licence freely and flexibly, with only a few conditions.” [31]
One of those conditions is providing an attribution statement: 
“Contains public sector information licensed under the Open Government Licence v3.0.” [31]
This will be incorporated into the front end of this product. 

[bookmark: _Toc109726534]5.3 Sprint 2 - Cloud Environment

Sprint two will consist of creating a suitable database in the Azure cloud that will allow the upload and storage of the rainfall data received from the Environment Agency while also being accessible by Power BI for the visualisation of the data. 

The intention is to develop a Power BI interface that will allow users to interact with the data in chart, tabular and map visualisations. Due to the amount of data that will need to be stored we will need to set up a database for storage. This is because importing the amount data we have directly in Power BI will not be efficient, therefore we will need a database that will allow for a direct query connection from Power BI. Given that this project is a proof of concept, a cloud solution will be adopted rather than an on-premise solution based on several factors [32]:
· The developer doesn’t have access or the budget to procure the hardware required
· Cloud solutions for similar projects are already the accepted solution across the industry both in Stantec and its Clients
· The ease in which cloud resources can be procured
· The cost of cloud resources will be substantially cheaper
· Cloud resources can be scaled to meet the performance needs

Owing to its popularity, cost, and ability to interface with other Microsoft products an SQL Database will be set up in Azure. It is also the database of choice within Stantec because of its compatibility with SQL Server Management Studio, the database management software already used on a multitude of projects. For this proof of concept to be widely adopted by the company it will need to be able to seamlessly fit in to already adopted operating procedures. An Azure SQL Database is also a supported data source for the intended direct query from Power BI.

The first step to developing a solution in Azure is to create a Resource Group. A Resource Group is a container that will hold related resources for an Azure solution, it helps keep resources organised into groups related to a particular project or solution across the organisation. A Resource Group called EA_Rainfall will be created that will contain the relevant resources required to create a SQL Database.

[image: ]
[bookmark: _Toc109144020]Figure 5: Resource Group Creation

Once the Resource Group has been created you can start to add resources to it to make up the solution, the first resource that will be created is a SQL Database by selecting Create a resource, the Databases and SQL Database. 
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[bookmark: _Toc109144021]Figure 6: Database Creation

From here we can fill out the database information to get the database created within the Resource Group:
	Database name: WeatherCentre
Subscription:  Azure subscription 1 (Pay as you go Subscription)
Resource Group: EA_Rainfall
Select Source: Blank Database

The database will need to be hosted on a Server, at this point we can select to create a new server and fill out the server information:
	Server name: infinity-dev
	Server Admin Login: InfinityAdmin
	Password: ************
Location: East US – The location used for this project is in the US as it’s the most cost-effective option. If this project were to be adopted and client information is stored, the location may have to be in the UK to meet Client data security requirements dependant on the data stored. 
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[bookmark: _Toc109144022]Figure 7: Server Creation

After clicking select on the server, the next stage is to select the Pricing Tier. At this stage the user will need to select a service tier relevant to the storage and performance required, this can be re-evaluated at a later stage if needed but for the purpose of this project a Standard Tier will be selected which offers the following at the estimated cost a month:

Azure SQL Database
Single Database, DTU Purchase Model, Standard Tier, S0: 10 DTUs, 250 GB included storage per DB, 1 Database(s) x 730 Hours, 5 GB Retention
CloneDelete
Upfront: £0.00 Monthly: £12.07

See Appendix 3 for the full monthly estimate.

Now the database information has been entered, the server information has been entered and the service tier has been completed, we can click create to deploy the resources to the EA_Rainfall Resource Group – it will take a few minutes.
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[bookmark: _Toc109144023]Figure 8: Cloud Resources
At this stage the database is created along with its server inside the resource group, however, Azure SQL Databases create an IP firewall at the server level which prevents external applications connecting to the server and any databases on the server. Therefore, a server-level IP firewall rule will need to be created to enable external connectivity to the database for the user’s IP address. To do this, the user would need to simply select the server and click set server firewall which will allow for the current IP address to be added to a new IP firewall rule. This will open port 1433 for a single IP address or a range if selected. 
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[bookmark: _Toc109144024]Figure 9: Firewall Rule

Now the resources deployed on the cloud can be accessed from external applications using the IP address added to the firewall settings, it can be connected to using SQL Server Management Studio where database management can take place.

At this point, tables that will store the data can be created, however it is important to understand how the data will need to be stored for efficient querying from Power BI. A star schema will be developed that will illustrate the relationships between the different tables in the database.
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The above figure shows the developed star schema for this project. For the proof of concept, it will consist of two tables, a Rainfall dimension table for the storage of the rainfall data and a StationList fact table for the storage of each Stations’ supporting information. The star schema has been designed in such a way that additional tables can be added at later iterations of the project such as Tide and RiverLevel, highlighted in green. There will be one one-to-many relationship between the two tables, WISKI_ID from the Station list will be related to the StationNumber from the Rainfall table. Below shows the SQL code developed to create the tables in the database using SQL Server Management System:

if object_id ('[dbo].[Rainfall]','U') is null

CREATE TABLE [dbo].[Rainfall](
    [StationNumber] [varchar](255) NOT NULL,
    [TimeStamp] [datetime] NOT NULL,
    [Value] [float] NOT NULL,
    [StateOfValue] [varchar](255) NULL
    )

if object_id ('[dbo].[StationList]','U') is null

CREATE TABLE [dbo].[StationList](

    [Name] [varchar](255) NOT NULL,
    [ID in API] [varchar](255) NOT NULL,
    [WISKI ID] [varchar](255) NOT NULL,
    [WISKI Grid Ref] [varchar](255) NOT NULL,
    [WISKI Easting] [int],
    [WISKI Northing] [int],
    [GRIDREF in API] [varchar](255),
    [EASTING in API] [int],
    [NORTHING in API] [int],
    [EA_DW Comment] [varchar](255),
    [Longitude] [float],
    [Latitude] [float]
    )

[bookmark: _Toc109726535]5.4 Sprint 3 - Extract Transform and Load Processes

Sprint three will be focused on developing a suitable process to extract the raw data from the 909 .csv files provided by the Environment Agency to the database deployed in the cloud in the previous sprint. There are two separate processes developed, a more straightforward process to clean up the Station List table and a more complicated process to move the raw rainfall data. 

The Station List lookup table provided by the EA links the station ID to other valuable information such as the station name and station location, however there are rows in the data that do not contain a station ID and the location information is stored as an Easting and Northing. From experience in working with Power BI, to display station locations on a map the coordinate system will need to contain a latitude and longitude for each station. A piece of software called FME (Feature Manipulation Software) is a tool that is used to translate data from geometric and digital formats especially intended for use with GIS and CAD data. A small workspace has been developed in FME to clean up the StationList lookup table as shown in the figure below:
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[bookmark: _Toc109144026]Figure 11: FME Workspace
The output of the FME process is a clean file with the addition of the Latitude and Longitude fields ready for Power BI. This clean file is uploaded to the StationList table in the database using the import flat file tool in SSMS. The figure below shows the data in the database:
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[bookmark: _Toc109144027]Figure 12: StationList data
Given the complexity and sheer amount of raw data that needs to be extracted, transformed and loaded to the database, a Python script has been developed to automate this process for all 909 raw rainfall csv files. In a basic form the Python code will consist of the following stages:

1. Locate the root file directory
a. Start a for loop to iterate over each folder
i. Start a for loop to iterate over each file in the folder
1. For each file in the folder:
a. Read current file
b. Store Station number as variable
c. Reformat file
d. Connect to Database
e. Insert data to the Database
f. Commit Changes
ii. Repeat the loop for next file until all files are iterated
b. Repeat loop for next folder until all folders are iterated

The Python code developed for the ETL process is shown below:

#Import libraries
import pandas as pd
import datetime
from os import walk 
import os
import glob
from pandas import read_csv 
import pyodbc 

#Transformation function
def Transform (df, StationNumber, orderedCols):
    
    df2 = df[['Time stamp', 'Value[mm]', 'State of value']] #create dataframe
    df2['StationNumber'] = StationNumber #add station number column to dataframe
    df2 = df2[orderedCols] #reorder dataframe columns
    df2 = df2[df2["State of value"].str.contains("G") == True]#only keep rows containing "G"
    df2.rename(columns={'Time stamp': 'TimeStamp', 'Value[mm]': 'Value','State of value': 'StateOfValue' }, inplace=True) #Rename Columns
    
    return df2 #return dataframe

#Main function
def MainProcess():

    #create variables
    server = 'infinity-dev.database.windows.net'
    database = 'WeatherCentre'
    myuser = 'InfinityAdmin'
    mypass = '********'
    table = 'Rainfall'
    connectString = 'DRIVER={ODBC Driver 17 for SQL Server};SERVER='+server+';DATABASE='+database + ';port=1433;UID=' + myuser + ';PWD=' + mypass + ';'
    dateFormat = '%d/%m/%Y %H:%M:%S'
    orderedCols = ['StationNumber', 'Time stamp', 'Value[mm]', 'State of value']
    rootdir = 'C:/Users/anton/Documents/University/Year 4/Final Project/Final Report/Data/Rainfall/'

    my_list = os.listdir(rootdir)
    count = 1

    for i in my_list: #start loop to loop through my_list
        filelist = glob.glob(rootdir + i +"/*.csv") 
        df_list = [] #create blank dataframe
        for file in filelist: #start loop to loop through filelist
            try:
                CurrentFile = (pd.read_csv(file, skiprows=20, usecols= ['Time stamp', 'Value[mm]', 'State of value'], low_memory=False)) #read file
                StationNumber = (os.path.basename(rootdir + file).split(".")[0]) #store station number
                CurrentFileReformat = Transform (CurrentFile, StationNumber, orderedCols) #execute Tranform Fucntion
                print('Process Number: ' + str(count)) #Print Process Number
                print('Reformatted: ' + StationNumber ) #Print Station Number reformatted
                count = count + 1 #increase the count
                df_list = CurrentFileReformat #store the transformed data
                df_list['TimeStamp'] = pd.to_datetime(df_list['TimeStamp'], format = dateFormat) #reformat the TimeStamp column
                print ('Length of DF: ', len(df_list)) #print length of dataframe

                # Connect to DB:
                conn = pyodbc.connect(connectString) #connect to db using connection stirng
                print(conn) #print connection
                insert_to_tmp_tbl_stmt = f"INSERT INTO {table} VALUES (?,?,?,?)"#start the insert
                cursor = conn.cursor() #start connection cursor
                cursor.fast_executemany = True #set fast execute = true
                cursor.executemany(insert_to_tmp_tbl_stmt, df_list.values.tolist()) #finalise insert
                print(f'{len(df_list)} rows inserted to the {table} table') #print number of rows inserted

                # Close DB connection
                cursor.commit() #commit changes
                cursor.close() #close cursor 
                conn.close() #close connection
            except:
                pass

#Main Function Call
MainProcess()

As each iteration of the Python file executes, each raw rainfall file is extracted from its .csv format, transformed to meet the schema for the Rainfall table in the database and loaded into the database. The figure below shows the data in the database:
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[bookmark: _Toc109144028]Figure 13: Rainfall Data
[bookmark: _Toc109726536]5.5 Sprint 4 - Front End Development

At this point in the project the data is ready to be put to work by the end user, however in its current form it is not accessible unless they have access to it through SSMS. The access to the data through SSMS would be limited to only a few members of the team who would have experience using the software, therefore an interface that connects the user to the data in a controlled manner will need to be developed. The aim of the interface at this stage of the project is to display all available information in the database in graphical, tabular and GIS view for the user to interrogate and possibly download. The objective is for the user to be able to access the interface online. 

Power BI will be used for to develop the front-end interface as it offers the range of visualisations that are required, the direct query connection to the database and the ability to publish dashboards online that can be shared with a wide audience of viewers across an organisation. The first step to creating a Power BI report is to connect Power BI desktop to the data sources, in this case it is a direct query connection using the SQL Server data connection to the database that resides in the cloud as shown in the figure below.
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[bookmark: _Toc109144029]Figure 14: Power BI Data Connection
From here you can select the relevant tables and load them into Power BI ready for development. The first stage would normally be to complete any transformations on the data using the query editor, however, as we have already completed the bulk of transformations in the ETL stage of the project, this step is just to make sure the data will be queried by Power BI correctly. Upon review there is only one step to create in the query which is to force the TimeStamp field to be recognised as a date time type. 
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[bookmark: _Toc109144030]Figure 15: Power BI Query Editor

Once the data connection has been set up, Power BI will import a subset of the data to allow you to start developing the report. For the report to behave in the intended way, a relationship will need to be created between the two tables in the same way it was designed in the developed star schema. This will allow the data to be retrieved using filter selections across both tables. The relationship that needs to be created is a many to one relationship from the StationNumber field in the Rainfall table to the WISKI ID field in the station list table. This relationship creation is illustrated in both figures below.
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[bookmark: _Toc109144031]Figure 16: Power BI Relationships

Once the data connection has been set up and any additional transformations have taken place, it is now time to develop the dashboard to create the required visualisations to meet the objective of the user interface. This is completed by selecting the visual you want to display data within and then selecting the data from the tables in which you wish to display. As mentioned previously the data will need to be displayed in a range of different ways to give the user a full representation of the data, it will also need to include intuitive selection filters that will allow the user to be able to filter the 909 sites to their desired location. The below figure shows the developed interface.
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[bookmark: _Toc109144032]Figure 17: Power BI Final Interface

Shown in the figure above, an interface has been developed so that end users can filter the rainfall stations either by name, ID, or the map visual by selecting a point. The users can also filter the data using the year selection on the left. The data is displayed in a large line chart visual at the top of the dashboard and in a tabular form on the bottom right. The tabular visual will allow the user to download the data they have filtered to a csv for use with other software. The design of the interface has been developed using Stantec’s standard colour palette. 

The next stage would be to publish this dashboard online so that it can be shared with the potential users for them to access it online, however, due to this project being completed using a personal Microsoft account it is not possible to log into Power BI online. This shouldn’t be an issue in terms of this project being a proof of concept, as if it is adopted by Stantec, which is the aim, then it will be published using an organisation account which will overcome this issue. 

This section of the report has illustrated the objective and development of the implementation of this project. The development methodology utilised was the Scrum method in which the project was broken down into four different sprints, Data Acquisition, Cloud Environment, ETL and User Interface. The development for each sprint has been detailed in each section showing the work that needed to be carried out so that the next sprint could commence. 

[bookmark: _Toc109726537]6. Evaluation

The objective of this project was to research the feasibility of creating a weather database platform for Stantec to replace legacy software, and with that research, develop and implement a proof of concept using the historical data load aspect of the project. 

Firstly, detailed research was conducted on all major aspects that would make up a successful project to replace the legacy software. This research included understanding the benefits of utilising cloud computing for this type of project, implementing business intelligence software to create a user interface, making requests for open-source weather data, and using a programming language to perform the large task of getting the raw data into a usable format and location.

Using the research conducted, a development plan was created that used the Scrum methodology to split the major aspects of the project into four sprints that would need to be worked on in sequence so that the next stage of the project could commence. The four sprints were:
1. Data Acquisition
2. Cloud Environment
3. ETL
4. Front End Development

Each sprint was worked on and used best suited methods found in the research to develop them. Once each sprint was complete, the first iteration of the project was completed which meant that an accessible weather platform had been created. It included a cloud-based database, an ETL process developed in FME and Python, and a user interface developed in Power BI. This platform proves the concept of the objective which enables users to be able to interrogate 10 years of historical rainfall. It has also been developed in such a way that the next iteration of the project can be directly deployed on the platform without the need to start from scratch. 

Overall, the project met the objective set out. It proved the concept that a weather database platform can be developed to replace legacy software. The only limitation was that using personal user accounts meant that the front end of the platform could not be published online, however, the key project objective was met and that will allow discussions to take place in Stantec to move it over to the corporate environment.
[bookmark: _Toc109726538]7. Conclusion

This report details the research and development undertaken to produce a weather database platform that could replace legacy software currently used within Stantec. Firstly, a literature review was undertaken to understand the potential solutions for each component of the project that would need to be implemented to meet the objective of project. 

The literature review contains research into four main components that were used in conjunction to develop the proof of concept. At this stage, it was decided that Cloud computing will be utilised at an IAAS level for the server and storage of data. It was also decided that Power BI will be implemented as a front end. The ability to request data from the Environment agency via a Freedom of Information request would be exercised, and, to turn poorly formatted hard to access data into easy to access usable information an ETL pipeline will be developed in Python. 

Once each element that needed to be developed was understood it was time to plan the development, starting with a methodology. Even though the bulk of this project would be completed by an individual, the Scrum methodology was adopted. This allowed each component of development to be broken down into four sprints of work. 

Finally, with a development plan in place, each subsequent sprint was developed, starting with data acquisition. A request was made to the Environment Agency for a large amount of historical weather data, to which they were able to provide ten years of rainfall data for the whole of England from 2010 to 2020, a total of 909 rainfall monitoring sites. Once the data was received and understood, a storage mechanism was developed in the Azure Cloud, consisting of a SQL Server and SQL Database. Database management was carried out on the database implementing a star schema that could be further developed upon later. When the cloud environment was fully set up, the ETL process was developed using FME for a small amount of GIS on the location data and Python was used for the task of transforming and loading the 909 rainfall files to the database. With all the data successfully uploaded to the database, development on a user interface took place in Power BI. A dashboard was developed so that users could interrogate any of the data for the 909 sites across England in graphical, tabular, and mapping visualisations. 

Overall, the platform that was developed showcases a successful proof of concept that meets the objectives of the project. 

[bookmark: _Toc109726539]7.1 Suggestions for Further Work

This project was developed as a proof of concept that could be pitched to senior members of Stantec’s Digital team for potential adoption as a replacement to legacy software. If the project were to be adopted, future work will need to be carried out. Firstly, it would be imperative to move the platform into the corporate domain to ensure accessibility for all users. Once deployed within Stantec, further iterations to the project can take place, such as the addition of more weather data when its available from the Environment Agency. The platform has been developed in alignment to the Scrum methodology, meaning that further iterations can be deployed without the need to start the development process from the beginning and users losing any functionality. 
[bookmark: _Toc109726540]8. Reflection

The purpose of this project was not only to showcase the many skills that have been developed throughout this university study, but to develop and implement something with those skills that will benefit the wider Stantec Community. 

Although the theoretical skills existed, they had never been utilised in every aspect of a project, from the research to the development. This has vastly increased confidence in both technical ability and project management. It was learned that putting documented theory into practice is not always as straight forward as it may seem as there are many obstacles that could get in the way. For example, developing a product that could be implemented into a corporate IT system but using personal systems can be a challenge, some elements could just not be completed without having access to work accounts, such as publishing a Power BI report to the cloud. Other obstacles included costs; software development can be an expensive business so costs of different elements could have put a firm stop on any development completed at a personal level. It has given a greater appreciation to all those people who work behind the scenes to set up the relevant IT systems that we use to complete work every day and the costs involved in keeping that infrastructure up and running. Being responsible for the successful development and implementation of a project from the very beginning to the end has taught that planning is essential. Understanding, the goals of the project and breaking it down into manageable stages really helps keep the development on track. Having experience of this approach will help when working with larger development teams in the future.

A few elements of the project would be completed different if they were to be undertaken again. Firstly, as this project was being developed with the purpose of being implemented within Stantec, more of an understanding of the functionality of the end users would be gained early in the project. Also, more advantage would be taken of the experts that exist within Stantec who could support with different aspects of the project. Overall, the project has been a huge success in developing personal skills, in developing a data driven IT project and delivering a product that will be built upon and utilised in the future. 
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[bookmark: _Hlk108527388]Dear Anton,

We respond to requests under the Freedom of Information Act 2000 and Environmental Information Regulations 2004.

River Level and Flow Data.
Unfortunately we are unable to meet this part of the request in its present form as it is not possible for us to resource it. 

15 minute data records are available for all our open, telemetered rainfall and river level stations via the Environment Agency Real Time flood-monitoring API. It is possible to obtain data going back up to 12 months from this source but not historical data.

Historic data, prior to the 12 months available from https://environment.data.gov.uk/flood-monitoring/archive is stored in internal systems including regional telemetry systems and the Environment Agency’s National Hydrometric Archive (WISKI). Data extraction from these systems can require significant resource and we therefore assess requests for data with this in mind.

There are over 3600 water level data series and over 900 rainfall series available from the API. At present we are able to provide pre-exported 15 minute resolution rainfall data sets back to 01/01/2000. However, we are not yet in a position to do the same for the 3600+ water level series. 

If it is possible for you to reduce your request to a smaller subset of a few hundred stations we will endeavour to supply the data within the normal 20 day charter period. Alternatively, we hope to have pre-exported 15 min datasets for many of the river level stations available over the next 2 to 4 months. If you are able to wait we will be able to provide these.

Longer term, the good news is that a number of EA work streams are looking at ways to make historic river level data accessible. 

Rainfall Data.
Please find a link below to 15 minute rainfall totals for Environment Agency recording rain gauges. The exports files suggested previously for the period 2014 to 2019 have recently been refreshed and so a new file is being supplied inside for the period 01/01/2010 to 31/10/2020. The link is to a zip file containing 14 further zip files – one for each Environment Agency geographic area. This is a large file (209Mb) so sufficient space will be required when downloading. Attached is a Rainfall Station ID mapping spreadsheet as the Environment Agency National Hydrometric Archive (WISKI) uses different station reference numbers to the API. The individual data files are named by the WISKI station ID. 

https://ea.sharefile.com/d-s2c2877b1a5364ce

Please refer to the Open Government Licence which explains the permitted use of this information.

Kind regards

Maria Bisby
Customer Service Adviser, National Requests, NCCC 
Contact Centre Services - Part of Operations, Regulation & Customer


[bookmark: _Toc109726544]Appendix 2 – Data Example

	Station name
	Liverpool North STW - Fazackerley TEL
	
	
	
	

	Station number
	567866
	
	
	
	
	
	
	

	External number
	---
	
	
	
	
	
	
	

	River
	---
	
	
	
	
	
	
	

	Operator
	---
	
	
	
	
	
	
	

	NGR
	SJ3943696371
	
	
	
	
	
	

	Easting
	339436
	
	
	
	
	
	
	

	Northing
	396371
	
	
	
	
	
	
	

	Parameter-name
	RE [Rainfall Event]
	
	
	
	
	
	

	Parameter Type
	Precipitation
	
	
	
	
	
	

	Time series name
	CLA/567866/RE/15.Total
	
	
	
	
	

	Time series unit
	mm
	
	
	
	
	
	
	

	Time level
	High-resolution
	
	
	
	
	
	

	Time series type
	Other
	
	
	
	
	
	
	

	Equidistant time series
	yes
	
	
	
	
	
	
	

	Time series value distance
	15 minute
	
	
	
	
	
	
	

	Time series quality
	Production
	
	
	
	
	
	

	Time series measuring method
	---
	
	
	
	
	
	
	

	Period of record in file: 01/01/2010 00:00:00 to 31/10/2020 23:45:00
	
	

	Quality code description
	 G = good; E = estimated; S = suspect; U = unchecked; M = missing; C = complete; I = incomplete; Ed = edited; WR = within rating; NR = no rating; EX> = extrapolated upper part; EX< = extrapolated lower part; BL> = beyond upper limit; BL< = beyond lower limit; MH = weir modular (head); NH = weir non modular (head); EH = weir extremely non modular (head); MT = weir modular (tail); NT = weir non modular (tail); ET = weir extremely non modular (tail); MC = weir modular (crest); NC = weir non modular (crest); EC = weir extremely non modular (crest); -H = weir head only; RAS = rastered time stamp; A = apportioned/interpolated; D = dry; SN = snow; T = trace

	Time stamp
	Value[mm]
	State of value
	Interpolation
	valid[%]
	invalid[%]
	missing[%]
	Tags
	Comments

	########
	0
	S;C
	104
	100
	0
	0
	
	TBR to storage gauge +5%

	########
	0
	S;C
	104
	100
	0
	0
	
	TBR to storage gauge +5%

	########
	0
	S;C
	104
	100
	0
	0
	
	TBR to storage gauge +5%

	########
	0
	S;C
	104
	100
	0
	0
	
	TBR to storage gauge +5%

	########
	0
	S;C
	104
	100
	0
	0
	
	TBR to storage gauge +5%

	########
	0
	S;C
	104
	100
	0
	0
	
	TBR to storage gauge +5%

	########
	0
	S;C
	104
	100
	0
	0
	
	TBR to storage gauge +5%

	########
	0
	S;C
	104
	100
	0
	0
	
	TBR to storage gauge +5%

	########
	0
	S;C
	104
	100
	0
	0
	
	TBR to storage gauge +5%

	########
	0
	S;C
	104
	100
	0
	0
	
	TBR to storage gauge +5%

	########
	0
	S;C
	104
	100
	0
	0
	
	TBR to storage gauge +5%

	########
	0
	S;C
	104
	100
	0
	0
	
	TBR to storage gauge +5%





	Microsoft Azure Estimate
	
	
	
	

	Your Estimate
	
	
	
	

	Service category
	Service type
	Custom name
	Region
	Description
	Estimated monthly cost
	Estimated upfront cost

	Databases
	Azure SQL Database
	
	East US
	Single Database, DTU Purchase Model, Standard Tier, S0: 10 DTUs, 250 GB included storage per DB, 1 Database(s) x 730 Hours, 5 GB Retention
	£12.07
	£0.00

	Support
	
	
	Support
	0
	£0.00
	

	
	
	
	Licensing Program
	Microsoft Customer Agreement (MCA)
	
	

	
	
	
	Billing Account
	
	
	

	
	
	
	Billing Profile
	
	
	

	
	
	
	Total
	£12.07
	£0.00
	

	
	
	
	
	
	
	

	Disclaimer
	
	
	
	
	
	

	All prices shown are in United Kingdom – Pound (£) GBP. This is a summary estimate, not a quote. For up to date pricing information please visit https://azure.microsoft.com/pricing/calculator/

	This estimate was created at 7/17/2022 8:24:26 PM UTC.

	 
	 
	 
	 
	 
	 
	 


[bookmark: _Toc109726545]Appendix 3 – Azure Monthly Estimate
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