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ABSTRACT

Server-side rendering (SSR) with React and Node.js has gained prominence as a way to
improve web application performance and search-engine visibility. SSR moves the rendering
of React components from the browser to the server, producing ready-to-display HTML
before the page reaches the client. As a result, SSR can dramatically reduce the time to first
content paint (FCP) and improve perceived load performance Pre-rendered content is also
more easily indexed by crawlers, boosting SEO for content-heavy sites This paper reviews
the architecture of SSR in a Node.js environment using React, examines techniques such as
code splitting and caching to optimize server rendering, and compares SSR with client-side
rendering (CSR) and static site generation (SSG). We draw on academic studies and industry
case examples (e.g. e-commerce platforms like Shopify and major media sites) to evaluate
how SSR affects metrics like first content paint and SEO score. The findings indicate that
when properly implemented, React +Node SSR can halve initial render times and improve
crawlability, at the cost of greater backend complexity and the need for strategies like caching
to handle load Overall, SSR is especially beneficial for content-rich, SEO-sensitive
applications, while CSR or SSG may be preferable for highly interactive or infrequently

updated sites.

INTRODUCTION

Modern web apps are increasingly built with JavaScript frameworks like react, which by
default use client-side rendering (CSR): the browser downloads an empty HTML shell and
uses JavaScript to build the Ul dynamically. While CSR enables rich interactivity, it can
suffer from slow initial load times and poor search indexing, because the browser must fetch

and execute large JavaScript bundles before meaningful content appears. Server-side
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rendering (SSR) addresses these issues by having Node.js pre-render React components into
HTML on the server for each user request. The generated HTML (including React state) is
sent to the client, yielding an immediately viewable page; subsequently, React “hydrates” the
page in the browser to add interactivity Maintaining space situational awareness (SSA) —
knowing precise orbits of all objects and predicting close approaches — is thus critical.
Traditional methods propagate TLE orbits via high-fidelity perturbation models (Kepler’s
laws plus drag, J2, etc.), and associate radar/optical measurements to objects using Kalman
filtering or batch estimators. Conjunction Data Messages (CDMs) communicate collision

alerts based on propagated orbits.

By leveraging SSR, developers can significantly reduce the time to first contently paint (FCP)
and time to interactive, which are critical user experience metrics For example, commercial
e-commerce sites such as Amazon or Shopify employ SSR precisely to render product pages
faster. In one study, fully server-rendered pages achieved roughly half the FCP of client-
rendered pages on e-commerce SSR also plays a pivotal role in SEO: when pages arrive with
complete HTML content, search-engine crawlers can index text and links immediately. In
contrast, CSR-only apps often require search engine workarounds (e.g. dynamic rendering or
prerendering) to achieve similar crawlability. In practice, news and marketing sites have long
used SSR or static generation to meet SEO needs, whereas highly dynamic dashboards CSR.
Figure 1. Debris impacts on a Hubble Space Telescope solar panel (NASA Public Domain).
Even subcontinental fragments, too small for catalo tracking, abound in orbit (arrows indicate
craters). Millions of such particles (millimetre-scale) coexist with the ~25,000 tracked

objects. Their high velocities (up to ~15 km/s) make them hazardous despite small size.

Server side rendering

= E‘;\
N 1 |

000
009
000

Copyright@ Page 2



International Journal Research Publication Analysis

Procedures and Methods

To evaluate SSR with React and Node, we examine typical implementation methods,
performance measurement procedures, and caching strategies. In a Node.js SSR setup, a
React application exports components that can run on the server. The Node backend (often
using Express or a similar framework) uses react-Dom/server to render components to HTML
strings. For example, a route handler might call ReactDOServer.renderToString (<App
{...props}/>) to generate the HTML for the <App> component based on data. The resulting
HTML (often bundled into an Express view or template) is sent as the initial page. After the
HTML is delivered, a client-side JavaScript bundle hydrates the DOM, attaching event
handlers and enabling dynamic features. Frameworks like Next.js simplify this by automating
the server-rendering of pages and data fetching. In Next.js, for instance, functions like
getServerSideProps run on the Node server to fetch data, then Next.js uses ReactDOMServer

under the hood to send pre-rendered

When implementing SSR, developers must measure performance and SEO outcomes
systematically. We consider core Web Vitals such as First Contentful Paint (FCP), Time to
Interactive (TTI), and Speed Index. These can be measured using tools like Google
Lighthouse or WebPageTest on sample applications. Studies often benchmark SSR vs CSR
by rendering identical layouts in each mode and comparing metrics. For example, a
comparative test might load a page with and without SSR across throttled network conditions
to capture FCP and LCP improvements. SEO effectiveness is evaluated by simulating
crawlers or using Google Search Console insights to see which content is indexed. Academic
works have reported, for instance, that SSR versions of pages see significantly better

crawlability scores than their CSR

Scalability and resource considerations are integral to the methodology. Node.js is single-
threaded but event-driven, so while it can handle many 1/0O-bound requests concurrently,
CPU-heavy operations (like rendering large component trees) can become bottlenecks. To
measure load capacity, one might run concurrent request simulations. Properly configured,
SSR can often serve cached responses or streams (e.g. using renderToNodeStream) to reduce
TTFB. However, poorly optimized SSR services may face increased server load, leading to

performance bottlenecks during traffic spikes.
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Caching strategies are critical in practice. Because SSR must render pages for each request, a
caching layer can greatly reduce redundant work. For example, servers often cache rendered
HTML in memory or external stores (Redis, Varnish) keyed by route and parameters. HTTP
caching headers (e.g. Cache-Control) instruct browsers and CDNs how long to reuse content.
Proper caching means that once a page is rendered, subsequent requests can be served
instantly without re-executing React render logic. As one guide notes, “by caching rendered
pages... the server can quickly serve subsequent requests without re-rendering, thus
improving response. Our analysis includes both broad caching (whole-page HTML caching)

and granular strategies (API response caching, ETag headers).

Architecturally, SSR apps often adopt a hybrid model. The server renders initial views, while
the client takes over for navigation. This is sometimes implemented via server-driven routing,
where each URL request hits the Node server; after hydration, client-side routing (React
Router or Next’s client linker) handles in-app navigations to avoid full reloads. In a
microservices context, the SSR service may be separate from APIs: the Node server calls out
to backend services to gather data, then renders. In monolithic setups, the Node SSR code

may even share code with backend endpoints. We examine both patterns.

Finally, to ensure up-to-date context, we surveyed recent developer and industry publications.
We incorporate data from engineering blogs (e.g. Atlassian’s case study) and academic or
industry papers comparing SSR vs CSR. Wherever possible, we tie the qualitative insights to
quantitative results (page metrics, SEO ranking data). In all cases, the implementation
methods align with current React and Node best practices, and results are interpreted in the

context of these real-world architectures.

Copyright@ Page 4



International Journal Research Publication Analysis

RESULTS

Our review confirms that SSR consistently yields faster initial render times and improved
SEO at the cost of added server complexity. Performance Improvements: Across multiple
studies, SSR reduces FCP significantly compared to CSR. For instance, studies report that
SSR versions of pages can cut FCP roughly in half under typical. In our analysis of published
results, simple sites loaded in ~300 Ms with SSR versus ~500 Ms with CSR. E-commerce
pages (with more data) showed SSR FCP ~600 Ms vs CSR ~1200 Ms., roughly a 2x speedup.
Complex applications like social media feeds or news sites saw similar gains; e.g. one report
shows SSR reducing FCP from ~900 Ms to ~550 Ms for a social media app. These
improvements directly translate to faster perceived page loads. Atlassian’s Jira team
quantified this: after adding SSR to their React interface, Time to First Meaningful Render
improved by about three seconds on average.

SEO and Indexing: The server-rendered approach greatly enhances search engine visibility.
Because crawlers receive full HTML content, metadata and text are immediately present. Jain
et al. note that “SSR: Search engine crawlers can index pre-rendered HTML effectively”, and
blogs or marketing sites regularly use SSR for this reason. In contrast, CSR sites rely on
client-side rendering, which often requires complex workarounds to appear SEO-friendly.
Experimental results confirm SSR’s advantage: in one study, SSR pages saw higher SEO
scores than equivalent CSR pages (e.g. content was indexed sooner and more completely).
Social sites also benefit: since social media bots often fail to execute client JavaScript, SSR

ensures that link previews and shared content display correctly, improving engagement.

Framework Comparison (SSR vs CSR vs SSG): SSR’s benefits are clear for the initial load
and SEO, but CSR excels in runtime interactivity. For highly interactive apps, CSR avoids
the overhead of continuous server requests. The hybrid approach of SSR + hydration (as
enabled by frameworks like Next.js) is now common: the first load is server-rendered, then
React manages updates on the client. Static Site Generation (SSG) is another alternative: SSG
builds pages at deploy-time, providing instant loads like SSR but without per-request
rendering. SSG combines SSR’s SEO benefits with CSR’s client execution, but only for
largely static content. As Jain et al. observe, “SSG pre-renders pages at build time, combining
SSR’s SEO benefits with CSR’s performance”. In practice, static generation (e.g. using
Gatsby or Nexts’ SSG mode) is ideal for marketing sites or blogs, whereas SSR is preferred
for pages that display frequently updated data (e.g. product listings).
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Caching and Scalability: Our analysis confirms that caching is essential for scaling SSR.
Without caching, each request incurs full render overhead, potentially maxing out Node CPU.
However, with an effective cache, servers can respond at near-CSP speed. Caching may store
entire HTML outputs or key data. For example, setting HTTP headers (Cache-Control, ETag)
allows browsers and CDNs to reuse SSR content. In-memory caches (Redis, Memcached) are
often used to hold rendered HTML for popular pages. As Chakraborty et al. explain, “SSR
can be resource-intensive because the server must render each page for every request. By
implementing caching, you can alleviate this load, serving pre-rendered pages quickly and
efficiently” We find in practice that a well-cached SSR setup can handle traffic spikes by
reusing cached responses; one large e-commerce site reported sustaining a 10x traffic surge
with caching in place, whereas without cache the servers became the bottleneck. Conversely,
highly personalized pages (user dashboards) are hard to cache, so SSR there yields smaller

gains.

Architectural Considerations: SSR requires careful server architecture. The Node server must
execute React code safely and manage data fetching. Meredova notes that although SSR
offers “enhanced SEO and quicker initial page loads, its implementation can be challenging
and time-consuming”. Indeed, the server must replicate the browser environment (e.g. avoid
browser-only APIs) and guard against blocking I/O. Atlassian’s example highlights this: their
SSR service had to ensure strict data isolation in a multi-tenant environment and adapt legacy
code to run on the server. Additionally, hydration adds latency for interactive parts: as one
source explains, hydration “takes a lot of time and resources which can make SSR seem
slower when there is a lot of interactivities” Thus, while the first render is faster, subsequent
dynamic interactions may still incur delays if each update calls the server (unless state is

managed client-side).

Industry Examples: Several major platforms illustrate SSR’s impact. E-commerce giants like
Amazon and Shopify use SSR for product pages to ensure fast rendering and SEO
competitiveness Media sites (e.g. The New York Times, as cited in prior work) employ SSR
to deliver fully-rendered news articles to both users and search bots. In SaaS, Atlassian’s Jira
Cloud (React-based) saw substantial performance gains with SSR.In all cases, teams used
progressive adoption (“islands” of SSR) and optimized caching. These real-world outcomes
align with academic findings: content-heavy web applications consistently benefit from SSR
in load time and SEO
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CONCLUSION

Space debris tracking and collision risk prediction is a mature problem entering a new era of
Al augmentation. Historically, efforts have ranged from radar catalogs to international
coordination (e.g. NASA’s OPDO, the IADC) . Today, the fusion of orbital mechanics and
machine learning promises more autonomous and accurate monitoring. Convolutional
detectors (YOLO-based CNNs) can scan imagery for debris, while Kalman-based filters and
labeled-RFS methods maintain state estimates. Hybrid deep learning + filtering pipelines
have demonstrated real-time tracking ability in simulated environments. On the prediction
side, Bayesian RNNs and HMMs are emerging to forecast conjunction evolution with

uncertainty.

However, challenges remain. Deep learning models require vast labeled data; current datasets
are mostly synthetic and may not capture all real-world variations. Anomaly detection for rare
high-risk events is inherently difficult due to class imbalance. Integrating disparate sensor
data in a globally consistent SSA picture is also an open problem. Future work will likely
explore physics-informed ML — embedding orbital dynamics into neural models — and

continued development of large-scale simulators and data-sharing (e.g. synthetic CDMs.

In conclusion, Al-powered techniques are enhancing our ability to track space debris and
anticipate collisions. By combining deep learning with classical orbital mechanics, the space
community can better tackle the Kessler syndrome threat. Ongoing research is rapidly closing
the gap between simulated promise and operational deployment, ensuring the safety and

sustainability of Earth’s orbital environment into the future.

REFERENCES

1. K. Vallamsetla, “The Impact of Server-Side Rendering on UI Performance and SEO,” Int.
J. Sci. Res. Compute. Sci. Eng. Inf. Technol., vol. 10, no. 5, Sep.—Oct. 2024, pp. 795-804.

2. V. Jain, “Server-Side Rendering vs. Client-Side Rendering: A Comprehensive Analysis,”
Int. J. Innov. Res. Creat. Technol., vol. 7, no. 2, 2021.

3. C. Nordstrom and A. Dixelius, “Comparisons of Server-side Rendering and Client-side
Rendering for Web Pages,” B.Sc. thesis, Dept. of Inf. Technology, Uppsala Univ., 2023.

4. A. Meredov, “Comparison of Server-Side Rendering Capabilities of React and Vue,”
B.Sc. thesis, Haaga-Helia Univ. of App. Sci., 2023.

5. J. Geeves, “Scaling React server-side rendering in Jira Cloud,” Atlassian Eng. Blog, Feb.
4, 2020.

Copyright@ Page 7



International Journal Research Publication Analysis

6. P. Chakraborty, “How to Handle Caching in Server-Side Rendering,” PixelFreeStudio
(blog), [Online]. Available: https://blog.pixelfreestudio.com/how-to-handle-caching-in-

server-side-rendering/.

Copyright@ Page 8



