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Abstract: 4 

Saudi banking treasury systems increasingly depend on always-on digital infrastructure as payment 5 

velocity, intraday liquidity management, market connectivity, and automated risk controls expand 6 

under Vision 2030. This review develops an integrated resilience architecture for treasury platforms 7 

by examining Recovery Point Objective (RPO), Recovery Time Objective (RTO), high availability, 8 

failover clustering, replication, backup integrity, and disaster recovery as one control system rather 9 

than isolated technical features. A structured review of literature and regulatory guidance published 10 

between 2020 and 2025 was conducted across banking resilience, cyber recovery, cloud reliability, 11 

database protection, and Saudi financial-sector modernization. The synthesis shows that resilient 12 

design requires four linked decisions: translating business impact into service-tier RPO/RTO 13 

targets; eliminating local single points of failure through redundant application, database, network, 14 

and messaging layers; separating high-availability mechanisms from geographically independent 15 

disaster-recovery capabilities; and validating recovery through rehearsed, observable, governed 16 

failover procedures. Strong infrastructure may still fail operationally when replication lag, identity 17 

dependencies, third-party services, runbook drift, data-integrity uncertainty, or untested decision 18 

rights are overlooked. The proposed framework therefore combines clustered local continuity, 19 

controlled cross-site replication, immutable recovery points, automated health detection, treasury-20 

aware recovery sequencing, and post-incident learning. For Saudi banks, this architecture supports 21 

digital trust, risk discipline, scalable financial infrastructure, and the resilience objectives of Vision 22 

2030. 23 

Keywords: banking treasury systems; RPO; RTO; high availability; failover clustering; disaster 24 
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1. Introduction 26 

Treasury platforms sit near the operational centre of a modern bank. They support liquidity 27 

positions, cash forecasting, money-market activity, foreign-exchange dealing, securities funding, 28 

balance-sheet steering, counterparty exposure, and settlement obligations. An outage can therefore 29 

move from a technology problem to a liquidity, market, compliance, or reputational problem. As 30 

banking becomes more digital and interconnected, operational resilience increasingly depends on 31 

continuing critical services during disruption and restoring normal operations within predetermined 32 

tolerances [1–4]. Saudi Arabia intensifies this requirement because Vision 2030 and the Financial 33 
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Sector Development Program are expanding digital financial infrastructure, payment volumes, 34 

platform integration, and the competitive role of financial technology [25–27,29,30]. 35 

Traditional disaster-recovery thinking often begins with a secondary data centre and ends with a 36 

periodic failover exercise. That model is too narrow for treasury systems. A service can appear 37 

technically available while producing stale positions, delayed market data, incomplete settlement 38 

messages, inconsistent ledgers, or unusable authentication paths. Conversely, a protected database 39 

is of limited value if application clusters, network routes, security controls, market gateways, 40 

reference data, and operator procedures cannot recover in the correct sequence. The resilience 41 

problem is therefore architectural and socio-technical: systems must remain available when 42 

components fail, preserve data integrity across recovery boundaries, switch processing roles safely, 43 

and provide enough observability to distinguish transient faults from events that justify failover 44 

[2,3,19]. 45 

Banking and digital-transformation studies show that resilience outcomes depend on governance, 46 

preparedness, and recovery design rather than backup technology alone [5–8,16,20]. Financial-47 

sector guidance emphasises impact tolerances, severe but plausible disruption, third-party 48 

dependencies, response coordination, and tested recovery [1–4,18,21,22]. Cloud and database 49 

engineering adds the technical distinction that high availability uses fault isolation and automated 50 

local recovery, whereas disaster recovery requires an independent failure domain, replicated state, 51 

recovery orchestration, and explicit RPO/RTO choices [9–11,19,24]. 52 

This review bridges these perspectives. It asks how banking resilience principles can be translated 53 

into a treasury architecture that is technically defensible, operationally testable, and aligned with 54 

Saudi priorities. The paper treats RPO and RTO as design inputs, distinguishes clustering from 55 

disaster recovery, examines replication trade-offs, and integrates data protection, security, 56 

observability, runbooks, and governance into one model. 57 

1.1 Aim and Objectives 58 

The aim of this review is to develop a resilient reference architecture for Saudi banking treasury 59 

systems that converts business continuity requirements into measurable technology controls. Four 60 

objectives guide the analysis. First, the study synthesises evidence from 2020–2025 on operational 61 

resilience, cyber recovery, high availability, failover, database replication, and banking continuity. 62 

Second, it clarifies how RPO and RTO should be derived from treasury business impact and then 63 

mapped to application, database, messaging, and infrastructure design. Third, it evaluates the 64 

complementary roles of high availability, failover clustering, cross-site replication, immutable 65 

backup, and disaster recovery, including the failure modes that appear when these mechanisms are 66 

treated independently. Fourth, it proposes an implementation and maturity pathway aligned with 67 

Saudi banking modernization, regulatory expectations, and Vision 2030. The intended contribution 68 
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is a review-based decision framework that allows architects, treasury technology leaders, risk 69 

teams, and continuity managers to discuss resilience using a common set of service tiers, 70 

dependencies, recovery evidence, and design trade-offs. 71 

2. Review Methodology 72 

A structured narrative review was selected because the research question spans peer-reviewed 73 

banking studies, technical architecture guidance, supervisory publications, and national financial-74 

sector documents. A purely empirical meta-analysis would exclude much of the operational 75 

evidence needed to evaluate failover behaviour, recovery patterns, and regulatory expectations. The 76 

review period was restricted to 2020–2025 to capture post-pandemic operational-resilience practice, 77 

recent cloud and database architectures, contemporary cyber-recovery expectations, and the current 78 

phase of Saudi financial-sector digitalization. 79 

Search terms were organised into five groups: bank operational resilience and business continuity; 80 

bank disaster recovery and treasury continuity; RPO/RTO and recovery objectives; high 81 

availability, failover clustering, replication, and multi-region architecture; and Saudi banking, 82 

financial stability, cyber resilience, and Vision 2030. Sources were retained when they informed at 83 

least one architectural decision involving impact tolerance, local availability, cross-site recovery, 84 

data integrity, cyber response, third-party resilience, or Saudi context. Duplicate and technically 85 

superficial sources were excluded. 86 

The final evidence base combines international supervisory guidance, Saudi regulatory and policy 87 

sources, peer-reviewed studies, and selected vendor architecture documents. The mixed-source 88 

design combines regulatory expectations with implementation evidence; the 2026 study informed 89 

structure, not evidence. Evidence was coded into six themes: service criticality, local availability, 90 

cross-site recovery, data recoverability, governance and testing, and Saudi strategic alignment. 91 

These themes were then mapped into the architecture model and maturity roadmap. 92 

3. Treasury Systems as Critical Banking Infrastructure 93 

Treasury applications differ from many enterprise systems because their value is time-sensitive. A 94 

delayed liquidity position, foreign-exchange exposure, or settlement instruction can change 95 

financial risk. Architecture must therefore protect not only uptime but also the timeliness, 96 

completeness, and integrity of positions and transactions. Banking resilience research demonstrates 97 

that continuity capability can moderate the financial damage of disruptive events, while treasury-98 

specific work highlights the need to preserve payment and operational functions during abnormal 99 

conditions [16,20]. Treasury should consequently be treated as an important business service with 100 

modelled dependencies. 101 
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A useful dependency map begins with business capabilities rather than servers. Treasury dealing 102 

may depend on market-data feeds, pricing engines, limit services, trade capture, confirmation, 103 

settlement messaging, cash accounts, identity services, databases, middleware, network routes, time 104 

synchronisation, and general-ledger interfaces. Intraday liquidity may additionally depend on 105 

payment-system connectivity and near-real-time account balances. A resilient design identifies 106 

which dependencies can degrade gracefully, which can be temporarily substituted, and which must 107 

recover before the service is usable. 108 

This view aligns with operational-resilience guidance that focuses on maintaining critical operations 109 

through severe disruption [2,4,21]. It also corrects a common mistake: defining availability at the 110 

infrastructure layer while ignoring business-service availability. A database cluster can be healthy 111 

while stale market prices prevent trading, or an application server can be reachable while an identity 112 

outage blocks users. Metrics should therefore include business signals such as successful trade 113 

booking, position refresh age, payment-message completion, reconciliation status, and end-to-end 114 

user access. 115 

Saudi banking adds strategic importance. National policy promotes advanced, digital, and stable 116 

financial infrastructure, while SAMA reporting highlights cyber risk, third-party dependence, and 117 

resilience as technology adoption deepens [12–15,27,30]. Each critical treasury capability should 118 

therefore be linked to a measurable outage tolerance, maximum acceptable data loss, tested 119 

recovery method, accountable owner, and evidence that its dependency chain can meet the same 120 

target. 121 

Table 1. Evidence synthesis and architectural implications for resilient banking treasury 122 

systems. 123 

Evidence 

theme 
2020–2025 synthesis Architecture implication 

Treasury risk 

controlled 

Operational 

resilience 

Critical services must 

continue through severe 

but plausible disruption 

[1–4,21]. 

Define service tolerances, 

dependencies, decision 

rights and evidence. 

Extended outage and 

governance 

ambiguity 

Bank DR 

capability 

Banking studies link 

continuity maturity with 

reduced disruption impact 

[5,16,20]. 

Treat DR as a business-

service capability, not a 

backup task. 

Liquidity, settlement 

and service 

interruption 

RPO/RTO 
Recovery objectives must 

reflect tolerated downtime 

Tier services; align every 

mandatory dependency to 

Unrealistic recovery 

commitments 
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Evidence 

theme 
2020–2025 synthesis Architecture implication 

Treasury risk 

controlled 

and data loss [19,24]. the same target. 

High 

availability 

Redundancy, fault 

isolation and automated 

recovery reduce local 

interruption [19,24]. 

Cluster or distribute 

compute, database, 

messaging and network 

layers. 

Single-component 

and zonal failure 

Cross-site DR 

Independent standby 

environments support site 

or regional recovery 

[10,11,19]. 

Separate HA and DR 

failure domains; pre-stage 

capacity and configuration. 

Data-centre or 

regional outage 

Cyber 

recovery 

Response, restoration and 

improvement require 

protected recovery and 

testing [1,3,22,28]. 

Use immutable backups, 

segregated credentials and 

clean recovery procedures. 

Ransomware, 

destructive 

compromise, loss of 

trust 

Saudi context 

Digital growth increases 

systemic dependence on 

resilient financial 

infrastructure [12–

15,17,27,29,30]. 

Integrate resilience metrics 

with bank governance and 

strategic modernization. 

Operational and 

financial-stability 

risk 

4. Translating Business Impact into RPO and RTO 124 

RPO and RTO convert business impact into engineering constraints. RPO defines the maximum 125 

tolerable loss of committed data measured backward from a disruption, while RTO defines the 126 

maximum acceptable period before a service is restored to an agreed operating level. Contemporary 127 

platform guidance shows that different recovery mechanisms provide materially different 128 

combinations of downtime and data loss [19,24]. Treasury objectives must therefore be service-129 

specific because market activity, settlement cut-offs, regulatory reporting, and overnight processing 130 

have different time sensitivities. 131 

The first design step is a treasury business-impact analysis that identifies the consequence of lost 132 

transactions and lost time. A front-office trade-capture service during active markets may require 133 

near-zero data loss and recovery measured in minutes. A reporting mart may tolerate a longer RPO 134 

if it can be rebuilt from authoritative sources. Static reference data may have low write frequency 135 

but high recovery priority because multiple components depend on it. Objectives should 136 

consequently be assigned to services and data domains rather than inherited from one enterprise 137 

tier. 138 
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RPO determines replication architecture. Synchronous replication can approach zero committed-139 

data loss because a write is acknowledged only after secondary protection, but distance and network 140 

latency can affect transaction performance. Asynchronous replication reduces latency coupling but 141 

creates a window in which acknowledged transactions may not yet exist at the recovery site. The 142 

correct choice depends on business value, acceptable loss, and latency budget. Across long 143 

distances, active-active processing can improve availability but complicates consistency, ordering, 144 

and split-brain control [19]. Near-zero objectives therefore shift cost into coordination, network 145 

design, testing, and governance. 146 

RTO determines automation. Recovery measured in hours may permit manual restoration, whereas 147 

recovery measured in minutes requires pre-provisioned capacity, automated detection, scripted 148 

failover, configuration parity, and clear decision rights. Failover time must include database 149 

promotion, application reconnection, cache warm-up, message replay, security validation, route 150 

changes, integrity checks, and business acceptance. 151 

The core principle is dependency consistency. A five-minute application RTO is meaningless if 152 

identity, market data, or network failover takes thirty minutes. Every mandatory dependency must 153 

meet or beat the same service tolerance, or the published recovery objective is not credible. 154 

5. High Availability and Failover Clustering 155 

High availability addresses frequent, relatively local failures without invoking full disaster 156 

recovery. Its purpose is to keep a service running when a server, process, disk path, network 157 

interface, availability zone, or software instance fails. Reliability guidance recommends removing 158 

single points of failure, automating recovery, testing fault behaviour, and maintaining enough spare 159 

capacity for failover [19,24]. Treasury HA should span application, database, messaging, 160 

integration, and network layers because service resilience is limited by the weakest mandatory 161 

dependency. 162 

Failover clustering is one HA mechanism. Multiple nodes participate in a cluster and controlled 163 

ownership determines which node serves the workload. Health monitoring detects failure and 164 

moves the service or resource group to another node. Clustering is useful for stateful workloads that 165 

cannot be treated as independent stateless instances. However, a cluster in one data centre can still 166 

share power, storage, network, directory, or control-plane dependencies. It protects against 167 

component failure but not necessarily site loss, cyber compromise, corrupted shared storage, or 168 

administrative error propagated across nodes. 169 

Active-active patterns distribute work across multiple healthy instances and can reduce recovery 170 

time because capacity is already serving traffic. Active-passive designs keep standby capacity ready 171 

until failure. Active-active can improve continuity and utilisation, yet treasury systems require 172 
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deterministic state management. If two instances can update the same trade, limit, or settlement 173 

state, concurrency and ordering controls must be explicit. Where consistency is difficult across 174 

distance, local active-active combined with remote active-passive DR may be safer than global 175 

active-active processing [19]. 176 

Health detection is equally important. False-positive failover can create a larger incident than the 177 

original fault. Monitoring should combine process health, service response, transaction success, 178 

replication state, dependency status, and synthetic business tests. Quorum and fencing must prevent 179 

split-brain. Planned switchover should be normal operational practice because controlled role 180 

reversal validates cluster behaviour and maintenance procedures [11]. 181 

The distinction is therefore practical: HA reduces interruption inside an operational site or region; 182 

DR restores service after failure exceeds that boundary. Treasury designs need both. 183 

6. Replication, Data Integrity and Disaster Recovery 184 

Disaster recovery begins where local high availability ends. The recovery environment must survive 185 

the failure mode that disables the primary, which normally requires geographic, administrative, and 186 

infrastructure separation. Database technologies using managed standby patterns demonstrate the 187 

core model: maintain a transactionally consistent secondary, monitor replication, and promote it 188 

during an unplanned event or reverse roles during a controlled switchover [10,11]. Cloud guidance 189 

likewise distinguishes local availability from regional recovery and recommends defined objectives, 190 

configuration parity, automation, and regular testing [19,24]. 191 

Replication is not backup. Logical corruption, malicious deletion, erroneous batch processing, or 192 

compromised credentials can copy bad data to the standby. Treasury therefore needs two recovery 193 

dimensions: continuity copies for rapid failover and protected recovery points for historical 194 

restoration. Immutable or isolated backups reduce the risk that ransomware or privileged 195 

compromise destroys both production and recovery data. Retention should reflect business cycles 196 

such as end-of-day positions, month-end reporting, settlement windows, and regulatory evidence. 197 

Data integrity matters because the fastest recovery is not always the safest. After an incident, 198 

operators must know whether the standby contains complete and trustworthy transactions. 199 

Reconciliation should compare trade counts, sequence numbers, ledger totals, cash positions, 200 

message queues, and replication checkpoints before business release. With asynchronous 201 

replication, the runbook should identify the last safely applied transaction and determine whether 202 

missing events can be reconstructed from journals, source systems, counterparties, or payment 203 

records. 204 

The DR site must also avoid hidden dependence on the primary. Typical weaknesses include 205 

authentication hosted only in the primary site, DNS or certificate services without independent 206 
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recovery, monitoring that disappears with production, backup catalogues in the same security 207 

domain, and third-party connections not pre-authorised from DR addresses. Financial-sector 208 

guidance stresses ecosystem dependencies because a bank cannot recover if a necessary provider 209 

cannot support the required time [2,3,18,21]. 210 

Recovery should therefore be sequenced in waves. Foundational identity, network, time, security, 211 

and storage recover first; authoritative databases, messaging, and integration follow; core treasury 212 

applications and market connectivity come next; analytics and lower-priority reporting recover 213 

afterward. Each wave needs technical entry criteria, business validation checks, and rollback rules. 214 

This converts DR from infrastructure restoration into controlled recovery of a treasury business 215 

service. 216 

7. Proposed Resilient Treasury Architecture 217 

The proposed architecture combines five control planes: transaction services, local continuity, data 218 

protection, disaster recovery, and governance. At the transaction layer, treasury applications are 219 

decomposed into services with explicit dependencies and service-tier targets. Critical components 220 

run across redundant compute nodes or zones behind load balancing, while stateful services use 221 

clustering or platform-native HA. Messaging is redundant and preserves ordered delivery or replay 222 

where required. Network paths, security appliances, and market gateways are dual-homed so 223 

application HA is not undermined by a single connectivity failure. 224 

The data layer separates operational continuity from historical recoverability. Primary databases use 225 

synchronous or low-lag replication within the local HA boundary when latency permits. A 226 

geographically separate standby receives replication according to the service RPO. Logs, journals, 227 

and transaction checkpoints support replay and reconciliation. Independent immutable backups 228 

provide recovery from corruption or destructive cyber events. The architecture therefore recognises 229 

three objectives: continue despite a component fault, fail over after a site-level event, and restore to 230 

a clean historical point when live copies are untrustworthy. 231 

The DR layer is warm or hot for the most critical services. Application binaries, infrastructure 232 

definitions, certificates, routing rules, market connections, and configuration are pre-staged and 233 

checked for drift. Failover automation coordinates database role transition, service startup, route 234 

changes, health validation, and alerting, while final activation can remain under controlled human 235 

authority where an incorrect switch carries material financial risk. 236 

Observability spans all layers. Technical telemetry measures node health, latency, replication lag, 237 

queue depth, backup completion, and capacity. Business telemetry measures trade-booking success, 238 

stale-position age, unmatched confirmations, payment-message progress, and reconciliation 239 

differences. A resilience dashboard therefore shows whether the service is meeting declared 240 
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recovery objectives and whether dependencies are capable of failover. It distinguishes “system 241 

available” from “business service usable”. 242 

The governance plane defines ownership, incident severity, failover authority, communications, 243 

evidence retention, test frequency, and post-incident actions. International guidance places 244 

governance, planning, restoration, communication, and improvement in the same recovery lifecycle 245 

[1,3]. For treasury, that lifecycle necessarily coordinates technology, operations, risk, cybersecurity, 246 

counterparties, and management. 247 

Figure 1 visualises this closed-loop architecture, while Figure 2 presents the maturity progression 248 

from component redundancy to evidence-based business-service resilience. 249 

 250 

Figure 1. Closed-loop treasury resilience architecture integrating local HA, governed failover, 251 

protected recovery points, and an independent DR site. 252 

7.1 Resilience Service Tiers and Operational Trade-offs 253 

A practical architecture becomes easier to govern when treasury services are grouped into resilience 254 

tiers. Tier 0 should be reserved for capabilities whose interruption can create immediate liquidity, 255 

settlement, or market risk, such as payment release, intraday cash positions, critical dealing 256 

interfaces, or authoritative transaction stores. These services justify hot standby capacity, tightly 257 

controlled replication lag, automated health detection, and pre-tested failover paths. Tier 1 covers 258 

important services that can tolerate a short interruption but must return within the same operating 259 

window, including selected risk calculations, confirmation processing, collateral functions, and core 260 

treasury reporting. Tier 2 includes analytical or historical services that can be reconstructed from 261 

authoritative data and therefore tolerate longer recovery. 262 
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Tiering prevents an expensive mistake: assigning the same near-zero target to every treasury 263 

component. Resilience cost rises rapidly as RPO and RTO approach zero because the bank must 264 

duplicate capacity, maintain continuous synchronization, preserve network headroom, automate 265 

recovery, and test more frequently. A differentiated model directs the strongest controls to services 266 

where interruption produces the greatest business harm while allowing economical recovery 267 

patterns for lower-criticality functions. 268 

The same tiering should govern change management. Tier 0 changes require evidence that rollback, 269 

replication, cluster health, and DR compatibility remain intact after deployment. Configuration drift 270 

between primary and recovery environments should be treated as a resilience defect, not as routine 271 

technical debt. Capacity reviews should also include failover conditions: a standby that can run 272 

normal average load may still fail during a disruption if transaction volume spikes or other 273 

workloads are moved onto the same environment. 274 

Finally, treasury acceptance criteria should be defined before an incident. A recovered service 275 

should not be declared healthy only because infrastructure checks are green. Business acceptance 276 

should confirm current positions, complete trade and payment sequences, valid market data, 277 

reconciled balances, correct user entitlements, and reachable external interfaces. These criteria 278 

create a measurable handover from technology recovery to treasury operations and reduce pressure 279 

to resume processing before data integrity is established. They also provide audit evidence that 280 

recovery objectives are linked to operational outcomes, helping management compare resilience 281 

investment with treasury risk reduction. 282 

Table 2. Illustrative treasury resilience tiers linking business criticality with RPO/RTO and 283 

recovery patterns. 284 

Illustrative 

tier 

Example treasury 

capabilities 

Illustrativ

e RPO 

Illustrativ

e RTO 
Preferred pattern 

Acceptance 

evidence 

Tier 0 – 

critical 

Payment release, 

authoritative trade 

store, intraday liquidity, 

core dealing 

Near zero 

to minutes 
Minutes 

Local HA + hot DR 

+ tightly monitored 

replication 

Current positions, 

transaction 

continuity, settlement 

readiness 

Tier 1 – 

important 

Confirmations, 

collateral, key risk 

calculations, core 

treasury reporting 

Minutes < 1 hour 

HA + warm/hot DR 

+ automated 

recovery 

Reconciled records, 

valid interfaces, user 

access 

Tier 2 – 

recoverable 

Analytics marts, 

historical reporting, 
Hours 

Several 

hours 

Warm DR or rapid 

rebuild from 

Successful 

restore/rebuild and 



 

11 

Illustrative 

tier 

Example treasury 

capabilities 

Illustrativ

e RPO 

Illustrativ

e RTO 
Preferred pattern 

Acceptance 

evidence 

non-time-critical 

workflows 

authoritative data data completeness 

Tier 3 – 

deferred 

Archives, non-

operational research 

extracts, ancillary tools 

Daily or 

longer 

Next 

business 

day 

Backup/restore with 

documented 

priorities 

Integrity check and 

controlled business 

release 

8. Governance, Testing and Cyber Recovery 285 

A resilient architecture is credible only when recovery can be demonstrated. Supervisory practice 286 

increasingly favours scenario-based testing because documentation cannot reveal timing problems, 287 

human ambiguity, or dependency failures [2,4,21,22]. The 2024 European banking cyber exercise 288 

focused on how banks respond to and recover from a severe but plausible attack rather than merely 289 

on preventive controls [22]. Treasury failover exercises should likewise test continuity under 290 

imperfect conditions, not only ideal infrastructure outages. 291 

Testing should operate at four levels. Component tests verify node, process, network, and storage 292 

failover. Service tests verify a complete treasury application with database, identity, messaging, and 293 

integration dependencies. Site tests activate the recovery environment and validate published 294 

RPO/RTO. Cyber-recovery tests assume normal trust relationships may be compromised and 295 

require restoration from protected data, credential reset, and forensic validation. Threat-led testing 296 

and broader cyber-resilience practice reinforce the value of realistic exercises that expose 297 

weaknesses in detection, response, and recovery [3,23,28]. 298 

Runbooks must be executable and version-controlled. Each step should identify the owner, 299 

prerequisite, action, expected result, decision threshold, escalation path, and evidence captured. 300 

Automated scripts should be stored in a protected repository accessible during primary-site failure. 301 

Manual workarounds should exist for critical treasury processes if restoration exceeds tolerance, 302 

such as controlled position reconstruction, restricted transaction modes, or alternative settlement 303 

communication. 304 

Cyber recovery requires extra safeguards because the incident may compromise the identities and 305 

administration tools normally used for DR. Recovery accounts should use segregated credentials, 306 

strong authentication, limited standing privilege, and independent logging. Clean recovery 307 

procedures may be required before systems reconnect to production networks. Backups must be 308 

tested for restorability, not merely completion. 309 

Post-incident learning closes the loop. Root-cause analysis should distinguish the initiating fault 310 

from conditions that amplified impact, such as poor capacity headroom, hidden dependencies, 311 
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replication delay, brittle automation, or unclear authority. Corrective actions then update design 312 

standards, monitoring, test scenarios, and recovery assumptions. This improvement cycle prevents 313 

treasury DR from becoming a static compliance artefact [1–4]. 314 

9. Saudi Vision 2030 Alignment and Implementation Roadmap 315 

Saudi financial-sector transformation creates a business case for resilient treasury architecture. The 316 

Financial Sector Development Program seeks a diversified, efficient, digital, and stable sector 317 

supported by advanced infrastructure and stronger institutional capability [27,29]. As payment 318 

activity, digital banking, fintech participation, and data-driven services expand, tolerance for 319 

technology disruption falls because more economic activity depends on continuously available 320 

financial rails. SAMA reporting has also emphasised systemic cyber risk and growing dependence 321 

on technology and third parties [12,30]. 322 

Implementation should begin with service classification rather than a technology purchase. Phase 1 323 

establishes a trusted baseline: inventory treasury services, map dependencies, assign owners, define 324 

RPO/RTO, identify single points of failure, and verify backup integrity. A common service 325 

catalogue and dependency model remove inconsistent recovery assumptions. 326 

Phase 2 builds local continuity. Critical applications are clustered or distributed across failure 327 

domains, database HA is configured, messaging and networks are redundant, and synthetic business 328 

monitoring is introduced. Planned switchovers validate architecture during maintenance. The 329 

objective is to absorb ordinary component failures without declaring a disaster. 330 

Phase 3 integrates cross-site recovery. A geographically independent DR environment is 331 

provisioned, replication is aligned with service-tier RPO, configuration drift is monitored, and 332 

failover automation is developed. Treasury validation becomes part of the runbook, including 333 

reconciliation of trades, positions, queues, and settlement status. Results are reported against 334 

measured recovery time rather than simple pass/fail completion. 335 

Phase 4 develops adaptive resilience. Banks run severe but plausible scenarios involving cyber 336 

compromise, third-party outage, simultaneous faults, or loss of administrative trust. Recovery 337 

metrics feed executive dashboards. Critical suppliers participate in tests, and contractual service 338 

levels are compared with treasury tolerances. 339 

This progression supports Vision 2030 by protecting trust in digital banking, improving scalability 340 

as transaction volumes grow, and strengthening risk discipline through measurable engineering and 341 

governance outcomes. The result is not merely a faster DR site but a banking capability that allows 342 

digital growth without equivalent growth in operational fragility. 343 
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 344 

Figure 2. Treasury resilience maturity roadmap from service classification to adaptive, evidence-345 

based recovery. 346 

10. Discussion 347 

The central design challenge is not choosing between high availability and disaster recovery but 348 

assigning each mechanism to the failure class it can control. HA and clustering handle local 349 

component failure; cross-site replication addresses site loss; backups address historical restoration 350 

and corruption; cyber-recovery procedures address loss of trust; and governance determines when 351 

and how controls are activated. Weakness appears when one mechanism is expected to compensate 352 

for another. A two-node cluster cannot protect against a shared storage fault, and a replicated 353 

standby cannot protect against corruption copied immediately. 354 

RPO/RTO provide integration logic because they force architecture to be evaluated against business 355 

impact. Yet aggressive targets can create new risk. Near-zero RPO may require synchronous 356 

coordination that increases latency or couples failure domains. Near-zero RTO may require 357 

complex automation that is difficult to test and govern. The optimal design is therefore not the 358 

smallest possible number but the smallest defensible number whose cost, complexity, and 359 

operational evidence are proportionate to service criticality. 360 

A second insight concerns recovery evidence. Organisations may describe sophisticated DR 361 

architecture without proving that every dependency can recover within the same tolerance. 362 

Resilience should therefore be measured through end-to-end exercises and business telemetry. The 363 

relevant question is not whether a standby database opened, but whether treasury users can 364 

authenticate, positions are current, market data is valid, payment instructions can progress, and 365 

reconciliations show no unexplained loss. This business-service perspective aligns engineering with 366 

regulatory emphasis on critical operations. 367 
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The Saudi context favours architecture that is both resilient and governable. Financial-sector 368 

modernization is increasing interconnectedness, and SAMA has highlighted technology, cyber, and 369 

operational risks as material components of financial stability [12,17,30]. Saudi banks therefore 370 

benefit from designs that make recovery state visible to management, integrate third-party 371 

readiness, and preserve auditable evidence. 372 

Finally, the review supports a layered rather than vendor-specific framework. The same principles 373 

can be implemented with different database, operating-system, virtualization, or cloud technologies. 374 

What matters is failure-domain independence, controlled state transition, recoverable data, 375 

consistent security, observable service health, and tested decision rights. 376 

11. Limitations and Future Research 377 

This review has three limitations. First, the evidence base combines scholarly research, regulatory 378 

publications, and technical architecture guidance; these sources differ in method and abstraction. 379 

That diversity is necessary for architecture synthesis but limits direct comparison of quantitative 380 

outcomes. Second, banks rarely disclose detailed treasury recovery topologies, failover timings, or 381 

control weaknesses. The framework therefore generalises from banking resilience, payment 382 

infrastructure, database continuity, and treasury continuity evidence. Third, RPO/RTO values 383 

depend on each bank’s product mix, market participation, data architecture, and risk appetite, so the 384 

service tiers in Table 2 are design examples rather than universal limits. 385 

Future research should test the framework through Saudi bank case studies and measure actual 386 

recovery performance across treasury service classes. Comparative work could examine on-387 

premises, hybrid, and cloud-native patterns; quantify the trade-off between synchronous replication 388 

latency and data-loss reduction; and evaluate automated failover under compound faults. Another 389 

priority is cyber recovery after destructive attacks, particularly methods for proving data integrity 390 

before market re-entry. Research should also examine third-party concentration across market data, 391 

identity, cloud, and payment gateways. Finally, resilience metrics could be linked to liquidity cost, 392 

failed-settlement exposure, operational loss, and counterparty impact, creating a stronger economic 393 

basis for resilience investment. 394 

12. Conclusion 395 

Saudi banking treasury systems require resilience architectures that combine continuity, recovery, 396 

data integrity, security, and governance. RPO and RTO should be derived from treasury business 397 

impact and enforced consistently across every mandatory dependency. High availability and 398 

failover clustering reduce local disruption, but they do not replace geographically independent 399 

disaster recovery. Cross-site replication enables rapid restoration, while immutable backups and 400 

clean recovery procedures protect against corruption and destructive cyber events. Observability, 401 
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reconciliation, decision rights, and scenario testing convert these mechanisms into dependable 402 

business outcomes. 403 

The proposed framework links the controls in a closed loop. Local HA absorbs routine failures; an 404 

independent DR environment protects against site-level disruption; protected recovery points 405 

preserve historical integrity; automated and governed orchestration manages role transition; and 406 

business telemetry confirms that treasury is usable, not merely online. A phased roadmap moves 407 

banks from inventory and service classification through local continuity, integrated DR, and 408 

adaptive scenario-based resilience. Under Vision 2030, this approach supports a more digital and 409 

scalable financial sector without accepting equivalent growth in operational fragility. Resilience 410 

becomes an architectural property of treasury services and an auditable management capability 411 

rather than an emergency procedure invoked only after normal operations fail. 412 
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