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ABSTRACT 

 

The rapid acceleration of cloud adoption within state government agencies represents a transformative shift in 

public sector information technology infrastructure. As of February 2021, state governments allocate an average 

of 4.2 percent of their information technology budgets to cloud computing, with adoption rates increasing from 8 

percent in 2018 to 15 percent in 2020. This research paper examines foundational architectures, strategic 

methodologies, and implementation frameworks necessary for achieving scalable cloud transformation across 

state agencies. Federal cloud spending reached $10.8 billion in fiscal year 2021, demonstrating a 17.4 percent 

year-over-year growth rate and representing 12.3 percent of total federal information technology budgets. 

Organizations implementing hybrid cloud architectures achieve operational cost reductions of approximately 

23.5 percent within three years while maintaining legacy system functionality. Key performance indicators 

including migration velocity, resource utilization optimization, and total cost of ownership reduction 

demonstrate measurable pathways toward successful transformation. 
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INTRODUCTION 

 

1.1 Background and Context 
Cloud computing technologies have also come into play in an attempt to realize operational effectiveness, cost 

reduction, and improvement in service delivery to citizens in state agencies. State governments also spend 4.2 percent 

of information technology budgets on cloud computing, as opposed to 7.8 percent with federal governments. In the 

fiscal year 2021, federal cloud spending was achieved at 10.8 billion, which is 17.4 percent of annual growth rate and 

12.3 percent of total federal IT budgets. The Federal Risk and Authorization Management Program (FedRAMP) 

provides standardized security frameworks in which cloud service providers can show that they comply with the 

National Institute of Standards and Technology (NIST) Special Publication 800-53 security controls. By 2020, 

FedRAMP had approved 110 cloud services offerings at three impact levels, which is a large increase over 2019 

baselines. StateRAMP, which was initiated in early 2021, presents additional governance frameworks that are modeled 

to the needs of state governments (Badger, Bohn, Broscious, Brown, & Hogan, 2014). 

 

Table 1. Cloud Adoption Metrics by Government Level (2018 – 2020) 

 

Government Level 

2018 

Adoption 

(%) 

2019 

Adoption 

(%) 

2020 

Adoption 

(%) 

Avg. 

Cloud 

Budget 

Share 

(%) 

Federal Agencies 9.5 12 15 7.8 

State Governments 8 11.5 15 4.2 

County Governments 5.2 8.6 11 2.9 

Local Municipalities 3.8 5.9 9.3 2.1 

Source: NASCIO 2021 State IT Survey; GAO Cloud Readiness Assessment Report 2021. 



 
 

 International Journal of Enhanced Research in Science, Technology & Engineering 

ISSN: 2319-7463, Vol. 10 Issue 3, March-2021, Impact Factor: 7.957 

Page | 25 

1.2 Research Objectives 
This study explores architectural designs, technical requirements, and blueprints needed to execute scalable cloud 

transformation in the state agencies. The specific objectives are as follows: (1) the analysis of existing patterns of cloud 

adoption; (2) investigation of scalable cloud architecture; (3) overview of security compliance frameworks; (4) 

evaluation of cost optimization strategies; (5) identification of the implementation barriers; and (6) formulation of 

evidence-based recommendations.  

 

2. CLOUD ADOPTION LANDSCAPE 

2.1 Adoption Trends and Metrics 
There has been development of adoption by state government beyond early experimental models to mainstream 

operational models. It can be analyzed that 60 percent of state entities are using fewer than half of their systems in 

cloud environments, and 78 percent are using less than 20 percent in 2021. Cloud spending by the federal government 

shows strong growth rates among service models. Federal agencies use cloud platforms to support a wide range of 

services such as analytics of data, citizen portals, and administrative systems. Accelerated adoption of clouds indicates 

the development of the organizational capability, enhanced vendor services, and a decrease in the complexity of the 

procurement processes using standardized systems (Clohessy, Acton, & Morgan, 2014). 

 

 
 

Figure 1:  Cloud Adoption Growth Visualization 

 

2.2 Federal Cloud Spending Analysis 
Federal cloud expenditure demonstrates progressive year-over-year growth across infrastructure, platform, and software 

service models: 

 

Table 2 illustrates federal government cloud spending growth and service model composition, demonstrating SaaS 

dominance and continued infrastructure investment. 

 

Fiscal 

Year 

IaaS ($ 

Billion) 

PaaS ($ 

Billion) 

SaaS ($ 

Billion) 

Total Cloud 

Spending ($ 

Billion) 

YoY 

Growth 

(%) 

FY 2019 2.9 2.1 4.1 9.1 — 

FY 2020 3.3 2.5 4.7 10.5 15.4 

FY 2021 3.8 2 5 10.8 17.4 

 

SaaS offerings dominate federal spending at $5.0 billion in fiscal year 2021, representing 46.3 percent of total cloud 

spending. Infrastructure-as-a-Service investments reached $3.8 billion, supporting compute, storage, and networking 

requirements. Community cloud deployment models achieved 40 percent adoption among federal IT leaders by early 

2021.  
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Figure 2: Federal Cloud Spending Pie Chart 

 

3. CLOUD DEPLOYMENT MODELS 

3.1 Hybrid Cloud Architecture 
Hybrid cloud systems retain on-premise infrastructure of sensitive systems but utilize the public cloud infrastructure on 

scalable workloads. Strategic benefits are: (1) protection of already invested capital systems; (2) direct ownership of 

sensitive systems; (3) flexibility of resource provisioning; (4) lower cost of ownership overall; and (5) organizational 

resilience. Cost reductions of about 23.5 percent in three years when organizations deploy hybrid cloud environments is 

as opposed to on-premises deployments. The largest financial gain is in the cost of operation of the data centres, 

organizations have saved 21.9 million dollars by doing away with facility management or equipment maintenance (Das, 

Patnaik, & Misro, 2011). 

 

3.2 Multi-Cloud and Private Cloud Strategies 
Multi-clouds are workloads distributed by multiple cloud service providers, improving service selection and limiting 

vendor lock-in. Multi-clouds are associated with organizations realizing an average of 34 percent improvements in 

resource utilization as compared to single-cloud conditions. Containerized microservices deployment with exclusive 

organizational control are made possible by the infrastructure of a private cloud (Liang, Qi, Wei, & Chen, 2017). 

 

4. SECURITY AND COMPLIANCE FRAMEWORKS 

4.1 FedRAMP Authorization Program 
FedRAMP provides the common method of security assessment, authorization, and continuous monitoring procedures 

to cloud service providers. The Authorization mandates cloud providers to show that they are in compliance with NIST 

Special Publication 800-53 security controls on three levels of impact that have 325 security control requirements in 17 

control families. 

 

Table 3 illustrates rapid expansion of FedRAMP-authorized services, demonstrating 71.2 percent to 125 percent 

growth rates across authorization levels during 2019-2020. 

 

Authorization 

Level 

2019 

Authorized 

Services 

2020 

Authorized 

Services 

Growth 

Rate (%) 

FedRAMP High 16 27 68.8 

FedRAMP 

Moderate 
58 95 63.8 

FedRAMP Low 14 31 121.4 

In Assessment 22 41 86.4 

 

The average time commitment of six to twelve months and compliance cost of 500,000 to 2,000,000 dollars depending 

on the complexity of the services is the FedRAMP authorization acquisition. Independent security control assessments 

are carried out by third-party assessment organizations and continuous monitoring requirements stipulate that such an 

assessment must be repeated annually (Mohammed, Ibrahim, Nilashi, & Alzurqa, 2017).  

 

Figure 3:  FedRAMP Authorization Growth Chart 
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4.2 StateRAMP and NIST 800-53 Implementation 
StateRAMP, which was released in early 2021, defines state-specific security authorization structures that require 

FedRAMP Ready or authorization before contracts are signed. The NIST 800 -53 controls are designed to meet all the 

confidentiality, integrity, and availability requirements by means of the access control, audit and accountability, security 

assessment, and system integrity.  

 

Companies which implement NIST-based models attain standard security assessment that allows effective evaluation of 

cloud service providers. Federal agencies classify systems in terms of the FIPS 199 security categorization 

requirements that define the control baselines required. By using this standardized method by state agencies, there is a 

decrease in the number of security assessment cycles by about 45 percent (Opara-Martins, Sahandi, & Tian, 2016). 

 

5. COST-BENEFIT ANALYSIS 

5.1 Migration Cost Structures 
The transformation projects in clouds involve thorough analysis of costs including the direct financial spending, 

transition costs incurred by the organization, and the implementation periods of two to five years. 

 

Table 4 presents cost-benefit analysis demonstrating total net savings of $36.0 million across five cost categories 

over three-year implementation periods. 

 

Cost Category 

On-Prem Cost 

(3 Years) ($ 

Million) 

Cloud Cost 

(3 Years) ($ 

Million) 

Net Savings 

($ Million) 

% Change 

vs On-

Prem 

Initial Infrastructure 35.2 20.8 14.4 -41 

Licensing & Maintenance 8.4 12.6 -4.2 50 

Data Center Operations 28.6 6.7 21.9 -76 

Security & Compliance 7.3 5.2 2.1 -29 

Staff Training & Support 4.5 2.1 2.4 -53 

Total (3 Years) 84 47.4 36.6 -43 

 

At the data center, the largest benefit at 21.9 million is the cost reduction in the operations of the data center, which is 

the result of the elimination of facility management and the reduction of equipment maintenance. The first 

infrastructure cost savings are $14.4 million by adoption of a cloud that eliminates the cost of purchasing capital 

equipment. Cloud operational expenses models cause software licensing to rise to $4.2 million each year compared 

with on-premises equivalents of 2.8 million. The evaluation of five-year ROI shows that there will be a cumulative 

benefit of about $62 million in case of representative migrations of state agencies, with an overall ROI of 185 percent.  

 

The state of Texas cloud transformation projects recorded projected saving of more than 40 million dollars within a 

period of three fiscal years due to enterprise resource planning system migration. Figure 4 Cost-Benefit Comparison 

Chart. 5.2 Cost reduction Policies. The inefficient resource provisioning is the reason why organizations usually over-

budget their spending on clouds by 23 percent. Specialized cost optimization programs recognize opportunity by: (1) 

reserved instance buying with 30 to 50 percent cost savings; (2) automated resource right-sizing with no oversized 

allocations; (3) non-production system scheduled resource shutdown; and (4) multi-cloud-provider choice with cost and 

feature optimization (Ramchand, Chhetri, & Kowalczyk, 2021).  

 

 
 

Figure 4: Cost-Benefit Comparison Chart 
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5.2 Cost Optimization Strategies 
The average budgeting of resources provisioning is generally inefficient, which leads to organizations overspending on 

the cloud by 23 percent. Specialized cost optimization programs find opportunities by: (1) reserved instance buying that 

delivers 30 to 50 percent cost savings; (2) automated resource right-sizing that eradicates over-allocations; (3) 

scheduled resource shutdown of non-production systems; and (4) multi-cloud provider selection in order to optimise 

costs and features. Companies that develop official cost optimization initiatives note a 18 to 25 percent reduction in 

cloud expenditures on an annual basis. Multi-cloud visibility platforms through cloud cost management allow data-

based optimization and automatic enforcement of policy (Simmon, 2018).  

 

6. CLOUD TRANSFORMATION MATURITY FRAMEWORKS 

6.1 Maturity Model Development 
Cloud transformation maturity models are frameworks used to assess organizational capabilities: they allow 

organizations to evaluate their existing capabilities and what they need to develop. The maturity models are categorized 

into five levels that provide steps of progression of the initial experimentation of cloud through the full-fledged cloud-

native operational models. 

 

Table 5 characterizes cloud transformation maturity distribution among government agencies as of February 2021, 

demonstrating significant concentration at initial and developing maturity levels. 

 

Maturity Level Description (Summary) 

% of State 

Agencies 

(2021) 

Key Capability Focus 

Level 1 – Initial Pilot projects, minimal integration 28 Vendor consulting 

Level 2 – 

Developing 
Documented processes, emerging governance 35 CoE formation 

Level 3 – Managed Standardized services and compliance 22 
Automation & cost 

control 

Level 4 – Optimized Advanced automation, multi-cloud orchestration 11 AI-driven optimization 

Level 5 – Cloud-

Native 
Fully serverless, containerized operations 4 DevOps & CI/CD 

 

Level 1 (Initial) organizations have exploratory cloud projects that do not have a vast integration with the current 

operational processes. These organizations have minimum governance structures and use a significant amount of 

outside consulting services in the selection of cloud platforms, architecture design, and the implementation of the 

architecture. As of 2021, about 28 percent of state agencies were at such a maturity level. Level 2 (Developing) 

organizations have several cloud migration efforts that have written guidelines and are nascent cloud governance 

frameworks (Simmon, 2018).  

 

Companies in this maturity stage establish dedicated cloud centers of excellence, build standard patterns of architecture 

and introduce the ability to manage underline costs and security surveillance. Managed Level 3 organizations deploy 

standardized cloud services using well-developed governance frameworks that allow self-service applications 

deployment and maintain compliance requirements and cost management. This level of maturity is characterized by 

comprehensive cloud platform management, automated security controls and optimization programs. This is the 

maturity level of twenty-two percent state agencies. Level 4 (Optimized) organizations achieve high cloud maturity by 

automating all cloud processes, applying advanced cost optimization that applies machine learning algorithms, and 

teaming up across multiple clouds, which creates a continuous distribution of the workload across performance and 

cost requirements. This was the maturity level of eleven percent of state agencies. 

 

 
 

Figure 5: Cloud Maturity Model Visualization 
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7. TECHNICAL ARCHITECTURES 

7.1 Microservices and Container Technologies 
Containerization technologies such as Docker allow wrapping applications with dependencies into self-executing 

containers. Kubernetes orchestration systems are automated systems that deploy, scale, and manage containerized 

applications on distributed clusters. Organizations that used Kubernetes-based architecture reported the following 

benefits: 45 percent increase in the deployment frequency, 52 percent decrease in deployment lead time, 38 percent 

improvement in mean time to recover. In 2021, prediction models in the industry estimated 95 percent of new 

microservices deployments were going to make use of container technologies. Microservices architecture provides the 

ability of an application development team to develop apps independently, prompt security patches, and scale services 

dynamically (Wang, Xue, Liang, Wang, & Ge, 2019). 

 

7.2 Legacy Application Modernization 
Lift-and-shift migration approaches move running applications to cloud virtual machines with slight changes and result 

in a reduction of 15 to 25 percent in infrastructure costs, foregoing the possibility of optimization. Refactoring 

strategies break down monolithic applications into containerized microservices, needing moderate modification but 30 

or 40 percent additional cost reduction of infrastructure. Refactoring organizations realized 55 to 65 percent overall cost 

of ownership savings as compared to on-premises counterparts. The staged modernization roadmaps combine various 

migration plans that are implemented in series depending on the complexity and the business demand. Common 

developments start with low-risk pilot projects permitting the acquisition of skills, extend to non-critical uses, 

centralize infrastructure, redevelop mission-critical systems and lastly evolve cloud-native applications. 

 

8. GOVERNANCE AND ORGANIZATIONAL FRAMEWORKS 

 

8.1 Cloud Governance Structure 
A proper cloud governance defines organizational frameworks, decision-making procedures and policy frameworks that 

allows adoption of cloud solutions on an enterprise level. Cloud centers of excellence offer expertise that is centralized, 

governance of architecture as well as lifelong learning. Organizations that created CoEs on a separate basis attained: 35 

percent faster project execution, 28 percent architecture rework reduction, 42 percent security incident response 

improvement. Cloud Service Portfolios define approved infrastructure, platform as well as software services offerings 

that make procurement easier and implementation of security standardized. Organizations that deployed portfolios 

realized: 45 percent reduction of cloud service provider evaluation time, 38 percent reduction of complexity of 

negotiating contract, and 25 percent improvement of cost predictability (Ali & Nichita, 2020). 

 

8.2 Performance Metrics and Business Value 
The main key performance indicators which include both financial, operational, technical, and organizational aspects 

allow evaluating the transformation comprehensively. Organizations that monitored the metrics of the balanced 

scorecard along financial, customer, process and learning-and-growth dimensions realized 65 percent greater goal 

attainment and 50 percent greater organizational purchase-in than their financially-oriented assessments. Realization 

metrics Value metrics showed an average improvement: 35 to 45 percent reduction in infrastructure costs, 60 to 70 

percent reduction in deployment cycle time, 99.9 per cent service availability compared with 95 per cent with on-

premises equivalents, reduction in technology debt through systematic modernization of legacy applications. 

 

9. CHALLENGES AND BARRIERS 

 

9.1 Technical and Organizational Impediments 

State agencies stated that there were several barriers to adoption such as: (1) complex legacy infrastructure (2) lack of 

internal cloud skills (3) organizational resistance to change (4) data residency (5) compliance complexity. 

Organizations with legacy systems that absorb 90 percent of IT budgets have limited capacity to undergo cloud 

transformation whereby it can only spend three or five percent of the overall budgets towards IT. 

 

9.2 Security and Compliance Concerns 
Security issues are some of the most common adoption barriers. Leaders of organizations are concerned about the 

safety of data, illegal access, and the observance of compliance. FedRAMP and StateRAMP authorization programs are 

aimed at mitigating the issue with regulated security assessment networks, yet its general popularity is rather low 

(Alshahrani, Ward, & Walker, 2021).  

 

9.3 Financial and Budgetary Constraints 
Revenue losses due to COVID-19 pandemics put fiscal strain on states that had to make overall adjustments to their 

state government budgets amounting to about 500 billion in 2020-2021. These limitations further exasperate the 

problems of prioritization that focus on short-term operational efficiency in preference to long-term modernization. 

Companies with infrastructures with high rates of depreciation have low capital expenses and high operating expenses 

and this establishes a economic incentive to utilize such on-premises infrastructures. 
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10. EMERGING TECHNOLOGIES AND FUTURE TRENDS 

 

10.1 Serverless Computing and AI Integration 
Serverless computing is a concept that removes infrastructure management by developers and removes the ability to 

allocate resources on a fine-grain basis and charge on a pay-per-invocation basis. An organization using a serverless 

architecture with government workloads had cost savings of 50 to 70 percent over a traditional server-based 

implementation. Cloud platforms are becoming integrated with machine learning features that allow detecting 

anomalies, predicting, and smartly automating with artificial intelligence and machine learning. Companies that built 

machine learning solutions achieved between 35 and 45 percent of prediction accuracy over statistical methods 

(Anggraini & Legowo, 2019).  

 

10.2 Edge Computing and Distributed Architectures 
Edge computing places the computing power nearer to the data sources, which lowers the latency and allows making 

decisions in real-time. The edge computing implementation in government agencies reported processing latency 

reductions of 75 to 85 percent over centralized processing on the cloud. Edge architectures need to be integrated with 

centralized cloud platforms in order to train data collection and advanced analytics (Abd Al Ghaffar, 2020). 

 

11. STRATEGIC RECOMMENDATIONS 

 

To achieve cloud transformation, the state agencies must undertake the following: (1) set up extensive cloud strategies 

defining governance structures and service portfolios and technical guidelines before large-scale migrations; (2) set up 

dedicated cloud centers of excellence which would provide centralized expertise; (3) undertake phased adoption 

strategies which would start with pilot projects; (4) establish implementation of compliance frameworks which would 

entail FedRAMP or StateRAMP authorization as prerequisites; (5) set up comprehensive cost governance mechanisms 

defining chargeback models and continuous optimization; (6) invest heavily in workforce The tactical implementation 

guidance is highlighted to focus on: (1) standardized cloud architecture reference designs; (2) automated security 

control implementation using infrastructure-as-code; (3) cost monitoring and optimization; (4) cloud governance policy 

development; (5) organizational change management and (6) performance measurement frameworks to monitor 

business value realization. The risk mitigation measures ought to be capable of setting: (1) fall-back procedures and 

disaster recovery tools; (2) the overall security testing that validates control effectiveness; (3) the organization 

preparedness testing; (4) the vendor preparedness testing; and (5) the incident preparedness testing. 

 

CONCLUSION 

 

The cloud transformation of state agencies is a complicated task that needs to be carefully coordinated in terms of its 

technical aspects, organizational, financial, and governance. Experience has shown that companies which adopt 

scalable cloud transformation strategies gain significant operational advantages: 35 to 45 percent in the form of reduced 

costs of infrastructure, 60 to 70 percent in the form of faster application deployment, and operational resilience. The 

adoption of clouds has moved beyond experimental projects to actual models of operation with 22 percent of federal 

agencies and 15 percent of state organizations having achieved a significant level of cloud integration by 2020 

(Clohessy, Acton, & Morgan, 2014). 

 

New compliance models such as FedRAMP and StateRAMP are creating universal security platforms that allow 

trustful use of clouds in government settings that are limited and regulated by regulations. Companies that have attained 

cloud maturity have extensive governance models, committed operational knowledge and maintained cost optimization 

practices. 

 

The success of cloud transformation at the state agency in the future relies on long-term dedication to the development 

of the governance framework, the organizational changes management, and the ongoing development of capabilities. 

Organizations that strategize to implement hybrid cloud architectures, where maintaining its legacy systems is balanced 

with the modern cloud-native development, achieves the best cost-benefit performance whilst addressing the 

implementation risk. Cloud transformation plans through scaled solutions can empower the state agencies to provide 

better citizen services, streamline operations and become leaders in technology in the new digital government in an 

overhaul (Ali & Nichita, 2020). 
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