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Abstract—Access to timely and accurate 

weather information has become an 

indispensable requirement across virtually 

every sector of modern society, from 

agriculture, transportation, and disaster 

management to everyday travel planning. This 

paper presents the complete design and 

implementation of a lightweight, client-side 

Weather Forecast Web Application that 

delivers real-time meteorological data for any 

city worldwide without requiring dedicated 

backend infrastructure. The system is built 

entirely on foundational open web standards — 

HTML5, CSS3, and JavaScript (ES6+) — and 

integrates the OpenWeatherMap Current 

Weather Data REST API to fetch and display 

seven live parameters: current temperature, 

feels-like temperature, humidity, wind speed, 

atmospheric pressure, weather condition 

description, and a condition icon. 

Asynchronous communication is implemented 

via the Fetch API with full Promise-based error 

handling, ensuring no-reload updates and 

graceful degradation under network failure. A 

CSS Flexbox and media-query-driven 

responsive layout adapts seamlessly across 

viewports from 320 px smartphones to 1920 px 

widescreen desktops. An in-memory response 

cache with a five-minute TTL reduces 

redundant API calls by 62 percent in load tests. 

Ten structured functional and performance test 

cases all passed, with API response times 

averaging 320 ms on broadband and 780 ms on 

simulated 3G. The paper details the five-layer 

system architecture, iterative four-phase 

development methodology, eight key features, 

security considerations, and a prioritized eight-

item future-enhancement roadmap covering a 

server-side API proxy, GPS-based detection, 7-

day forecasting, user authentication, weather 

alerts, progressive web app capabilities, 

machine-learning-based on-device prediction, 

and multi-language support. 

Keywords—Weather Forecasting; 

OpenWeatherMap API; JavaScript ES6; Fetch 

API; Responsive Web Design; Client-Side 
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I.  INTRODUCTION 

Access to timely and accurate weather 

information has become an indispensable 

requirement in the modern digital era. From daily 

commute planning and agricultural decision-making 

to disaster preparedness and large-scale event 

management, meteorological data underpins a vast 

range of human activities. The proliferation of 

Internet-connected devices — smartphones, tablets, 

smartwatches, and embedded IoT sensors — has 

intensified user expectations for immediate, 

contextually relevant weather updates delivered 

through clean, responsive interfaces. 

Despite the availability of numerous 
meteorological portals and mobile applications, 

users frequently encounter systems that are either 

architecturally heavyweight, demanding significant 

server infrastructure and operational cost; visually 

complex, overwhelming non-expert users with 

meteorological jargon; or poorly optimized for 

mobile devices, degrading the experience on the 

most common access platform. There remains a 

clear need for a lightweight, dependency-free, easily 

deployable weather information system that 

balances data richness with interface simplicity. 

This paper addresses that need by presenting the 

complete design and implementation of a Weather 

Forecast Web Application constructed entirely on 

foundational open web standards: HTML5 for 

semantic document structure, CSS3 for styling and 

adaptive layout, and JavaScript ES6+ for application 

logic and asynchronous API communication. The 

system integrates the OpenWeatherMap Current 
Weather Data API — a globally deployed, 

standards-compliant meteorological data service 

supporting over 200,000 cities — to deliver seven 

live weather parameters in real time, without 

requiring a dedicated application server, database, or 

http://www.ajmimc.com/


AMERICAN JOURNAL OF MANAGEMENT AND IOT MEDICAL COMPUTING 
Peer Reviewed, Referred & Indexed Journal 

E-ISSN: 3069-0110 
Vol.5, No.2(2) (2026) 

www.ajmimc.com 
 
 

83 

 
 

 

 

Received: 20-04-2026 | Accepted: 29-04-2026 | Published: 04-06-2026 | www.ajmimc.com 

backend framework. The entire application can be 

deployed on a static file host at zero infrastructure 

cost. 

The principal contributions of this work are: (1) 

a modular, maintainable frontend architecture built 

on vanilla JavaScript and the Fetch API with no 

third-party library dependencies; (2) a fully 

responsive, WCAG-2.1-aligned user interface 

employing CSS Flexbox and cascading media 

queries across five breakpoints; (3) a seven-
parameter weather data model extracted from the 

OpenWeatherMap JSON response and rendered 

with condition-code-to-SVG icon mapping; (4) 

robust, context-sensitive error handling 

distinguishing six distinct failure modes; (5) an in-

memory response cache reducing redundant API 

calls by 62 percent; and (6) a structured, eight-item 

future-enhancement roadmap grounded in the 

literature and current platform limitations. 

The remainder of this paper is organized as 

follows. Section II surveys related literature on web-

based weather systems, API integration patterns, 

and responsive design. Section III describes the 

proposed five-layer system architecture. Section IV 

details the iterative four-phase development 

methodology. Section V enumerates the eight key 

functional features. Section VI presents the 

comprehensive ten-case test results and performance 

benchmarks. Section VII critically analyses current 
limitations and maps the future enhancement 

roadmap. Section VIII concludes the paper with a 

summary of contributions and directions for future 

research. 

II.  RELATED WORK 

The domain of web-based weather forecasting 

intersects several active research streams: client-

server API integration, responsive web design, 

progressive web apps, and machine-learning-
augmented forecasting. This section surveys the 

most directly relevant prior work and situates the 

present contribution within the existing landscape. 

A.  Evolution of Web-Based Weather Systems 

Early browser-based weather services relied on 

server-side page rendering, polling-based data 

refresh, and static HTML presentations [1]. These 

architectures imposed multi-second page-load 

latencies and offered negligible interactivity. The 

emergence of XMLHttpRequest (XHR) in the early 

2000s enabled partial-page updates, reducing 

perceived latency, but the callback-heavy 

programming model introduced complexity and 

error-handling fragility [2]. The standardization of 

the Fetch API and Promises in ES6 (2015) marked a 

turning point, enabling cleaner, composable 

asynchronous code with explicit error propagation 

[3]. 

Kumar and Sharma [2] conducted a 

comparative evaluation of five browser-based 

weather services built on XHR, jQuery.ajax, and the 

Fetch API. Their measurements confirmed that 

Fetch-based implementations reduced median 

Time-to-Interactive by 18 percent relative to XHR 

equivalents on mobile networks, attributing the 

improvement to the elimination of hidden 
synchronous blocking and reduced callback nesting 

overhead. Their work validates the Fetch API 

selection in the present system. 

B.  Responsive Design and Cross-Device Usability 

Patel and Verma [4] systematically investigated 

the impact of responsive design on user engagement 

in weather applications through a controlled A/B 

study involving 240 participants on Android 

smartphones. Adaptive Flexbox-based layouts 

increased task-completion rates by 43 percent and 

reduced error rates by 31 percent relative to fixed-

width desktop-ported layouts. They identified three 

critical responsive design factors: minimum 44 px 

touch targets (per WCAG 2.1 Success Criterion 

2.5.5), viewport-relative font scaling, and single-

column stacking below 480 px viewport width. All 

three factors are incorporated in the present 

implementation. 

George and Martin [8] extended this analysis to 
wearable and embedded-browser contexts, finding 

that applications built on CSS Grid with Flexbox 

fallback maintained functional usability down to 

280 px viewport widths. Their breakpoint 

recommendation of 320 px as the minimum design 

target informed the lowest breakpoint in the present 

system's media-query cascade. 

C.  API Integration Patterns and Caching 

Johnson et al. [3] benchmarked four API 

integration patterns — direct XHR, jQuery.ajax, 

Fetch without caching, and Fetch with in-memory 

caching — in a simulated weather monitoring 

dashboard receiving 100 requests per minute from 

20 concurrent clients. The cached Fetch pattern 

reduced total outbound API calls by 58 percent and 

mean server response time by 34 percent, with 

negligible stale-data impact given a 5-minute cache 
TTL matched to the API's update frequency. This 

result directly motivated the in-memory caching 

strategy in the present system, which achieved a 62 

percent call-reduction rate in the 50-request load test 

described in Section VI. 

D.  Machine Learning Augmentation 

Brown and Wilson [5] evaluated five machine-

learning models — linear regression, random 

forests, gradient boosting, LSTM, and Transformer-

based architectures — for 24-hour ahead 

temperature forecasting using 10 years of hourly 

station data from 50 cities. The LSTM model 

achieved the lowest RMSE (1 .23°C) but required 
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420 MB of compressed weights and 2.1 seconds of 

inference time per city on a mid-range smartphone 

CPU, making it unsuitable for client-side 

deployment. The random-forest model achieved 

competitive RMSE (1.61°C) with weights of only 8 

MB and 140 ms inference time, suggesting 

feasibility for TensorFlow.js deployment — an 

avenue identified in the future-enhancement 

roadmap (Section VII). 

Ahmed and Khan [8] confirmed that quantized 
INT8 LSTM models targeting TensorFlow.js 

achieve weight sizes of 12–18 MB with inference 

times of 180–240 ms on mid-range mobile CPUs. 

This result informs the ML prediction enhancement 

in Table III with greater specificity than earlier 

estimates. 

E.  Progressive Web Apps 

Singh and Rao [6] measured the impact of PWA 

features — service-worker-based offline caching, 

add-to-home-screen prompts, and push notifications 

— on a weather application deployed to 1,200 users 

over 90 days. PWA adoption increased 30-day 

retention by 35 percent and average session length 

by 28 percent. Critically, 12 percent of sessions in 

the PWA group occurred in offline mode, served 

entirely from the service-worker cache — a usage 

pattern impossible in the current implementation. 
These findings strongly motivate the PWA 

enhancement in the roadmap. 

III.  SYSTEM ARCHITECTURE 

The Weather Forecast Web Application is 

designed around a five-layer client-side-centric 

architecture that eliminates dedicated backend 

infrastructure while maintaining real-time data 

currency. Fig. 1 conceptually illustrates the data 

flow across these layers; Table I provides a concise 

layer-by-layer summary. 

TABLE I 

System Architecture: Layers, Components, and 

Responsibilities 

Layer Component Key 

Responsibi

lity 

Technolo

gy 

1 — User 

Interface 
HTML5 + 

CSS3 
Semantic 

layout, 

styling, 
responsive 

adaptation 

Flexbox, 

Media 

Queries 

2 — 
Application 

Logic 

JavaScript 

ES6+ 
Event 

handling, 

input 

validation, 

DOM 

updates 

Vanilla 
JS, 

async/aw

ait 

Layer Component Key 

Responsibi

lity 

Technolo

gy 

3 — 
Communicat

ion 

Fetch API / 

HTTPS 
Async 
HTTP 

GET, error 

classificatio

n, caching 

Fetch, 

Promises 

4 — Data 

Provider 
OpenWeather

Map API 
Real-time 

JSON 

weather 
data for 

200k+ 

cities 

REST, 

JSON 

5 — 

Persistence 

(opt.) 

PHP + 

MySQL 
Search 

history, 

user 
preferences 

(future 

scope) 

PDO, 

SQL 

 

A.  User Interface Layer 

The UI layer constitutes the sole end-user-

facing surface. Its HTML skeleton uses semantic 

elements — <header>, <main>, <section>, 

<article>, <footer> — for accessibility and SEO 

correctness. The search section houses a text input 

with an associated <label> (for screen-reader 

compatibility), a submit button, and an ARIA live 

region that announces dynamic content updates to 

assistive technologies without page reload. 

The CSS cascade is organized into four sheets: 
(1) a reset layer normalizing browser defaults, (2) a 

design-token layer defining custom properties for 

the full color palette, type scale, and spacing scale, 

(3) a layout layer implementing the Flexbox-based 

page structure, and (4) a component layer styling 

individual elements. This separation ensures that 

theming changes require modification of only the 

token layer. 

Five CSS media-query breakpoints govern 

responsive reflow: 320 px (minimum supported), 

480 px (large phone), 768 px (tablet), 1024 px (small 

laptop), and 1440 px (desktop). Below 480 px, the 

results card collapses to a single-column stacked 

layout; above 768 px, the icon and parameter grid 

adopts a two-column arrangement. All interactive 

elements meet the WCAG 2.1 AA 44 px minimum 

touch-target dimension. 

B.  Application Logic Layer 

The JavaScript module is structured as a single 
IIFE (Immediately Invoked Function Expression) 

exposing no global variables, preventing namespace 

pollution. It comprises six functions: init() (attaches 

event listeners), getInput() (trims and validates user 

input), buildURL() (constructs the API endpoint 

URL), fetchWeather() (executes the Fetch call with 
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async/await), renderWeather() (injects JSON fields 

into DOM elements), and handleError() (classifies 

and displays error messages). 

Input validation occurs in getInput(), which 

rejects empty strings and strings exceeding 100 

characters (preventing excessively long API 

queries). URL construction in buildURL() applies 

encodeURIComponent() to the city name, 

appending the API key and units=metric parameter. 

The in-memory cache is implemented as a 
JavaScript Map object keyed by lowercase city 

name, with each entry storing the JSON response 

object and a timestamp. On every fetchWeather() 

call, the cache is checked first; entries older than 

300,000 ms (5 minutes) are treated as stale and 

bypassed. 

C.  Communication Layer 

All outbound requests target the 

OpenWeatherMap v2.5 Current Weather Data 

endpoint over HTTPS. The Fetch call uses the 

default GET method. The Promise chain executes 

three sequential steps: (1) the raw Response object 

is checked for ok status; if false, a custom error is 

thrown carrying the HTTP status code for 

downstream classification; (2) the response body is 

deserialized to JSON via response.json(); and (3) the 

JSON object is passed to renderWeather(). 

The handleError() function classifies errors into 

six distinct categories: empty input (client-side, pre-
fetch), invalid city (HTTP 404), API key invalid 

(HTTP 401), rate limit exceeded (HTTP 429), server 

error (HTTP 5xx), and network failure (TypeError 

thrown by Fetch). Each category produces a distinct, 

actionable user message. This granularity 

substantially improves user experience over the 

binary valid/invalid distinction common in simpler 

implementations. 

D.  Data Provider 

The OpenWeatherMap Current Weather Data 

API v2.5 returns a JSON object approximately 500 

bytes in size for a successful city query. The 

application extracts seven fields: main.temp 

(temperature in °C), main.feels_like, main.humidity 

(%), main.pressure (hPa), wind.speed (m/s), 

weather[0].description, and weather[0].icon. The 

icon field is a two-to-three character code (e.g., '01d' 
for clear sky, day) mapped by a local lookup table to 

one of eighteen locally bundled SVG assets, 

eliminating CDN dependency and reducing render-

blocking external requests. 

IV.  DEVELOPMENT METHODOLOGY 

Development followed a four-phase iterative 

methodology. Each phase produced a testable 

increment validated against functional requirements 

before the subsequent phase began. Version control 
was managed through Git with feature-branch 

workflow; each increment was merged to main only 

after passing all applicable test cases for that phase. 

A.  Phase 1 — Requirements and Wireframing 

Functional requirements were elicited through a 

structured review of the five most-used public 

weather services (OpenWeatherMap, Weather.com, 

AccuWeather, Weather Underground, and BBC 

Weather), identifying the seven parameters most 
frequently surfaced above the fold. Non-functional 

requirements specified: (a) Time-to-Interactive 

below 1,500 ms on a simulated Fast 3G connection; 

(b) Largest Contentful Paint below 1,000 ms; (c) all 

interactive targets at least 44 px; (d) zero third-party 

JavaScript dependencies; and (e) zero-cost static-

host deployability. 

Low-fidelity wireframes for three viewport 

sizes (320 px, 768 px, 1440 px) were produced in 

Figma and reviewed by five volunteer users drawn 

from the target demographic (undergraduate 

students aged 18–22). Feedback identified two UX 

issues: (1) the search button label 'Go' was 

ambiguous — changed to 'Get Weather'; (2) the 

error message zone was invisible until an error 

occurred, causing confusion — addressed by 

rendering a placeholder instruction text in the zone 

on load. 

 

B.  Phase 2 — HTML/CSS Foundation 

The semantic HTML skeleton and CSS 

architecture were implemented in this phase, with all 

five media-query breakpoints verified using Chrome 

DevTools device simulation. The CSS custom-

property token system was established, and WCAG 

2.1 AA compliance was validated for color contrast 

ratios (minimum 4.5:1 for body text, 3:1 for large 

text) using the axe DevTools browser extension. 

ARIA attributes — role="search", aria-label on the 

input, and aria-live="polite" on the results section — 

were added and verified with the NVDA screen 

reader. 

C.  Phase 3 — JavaScript and API Integration 

The JavaScript module was implemented and 

the OpenWeatherMap API integrated. The six-

function IIFE structure was coded, the in-memory 

cache implemented, and all six error categories 

handled. Unit tests were written for getInput() (8 

cases covering empty, whitespace-only, valid, and 

oversized inputs), buildURL() (4 cases), and 

handleError() (6 cases, one per error category). 

Integration tests verified correct JSON extraction for 

cities in five continents, including cities with non-

ASCII characters in their names (e.g., München, São 

Paulo, Ōsaka). 

D.  Phase 4 — Performance Optimization and 

Security Hardening 

http://www.ajmimc.com/
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Lighthouse audits on the initial implementation 

revealed two performance issues: (1) the eighteen 

SVG icon files totalled 142 KB loaded eagerly on 

startup; addressed by deferring icon load until a city 

query returns a condition code. (2) The CSS file 

contained 38 percent unused rules at any given 

breakpoint; addressed by restructuring the cascade 

and removing dead code, reducing the stylesheet 
from 12 KB to 7.3 KB. Post-optimization 

Lighthouse performance scores averaged 96/100 on 

desktop and 88/100 on mobile (simulated Fast 3G). 

Security hardening addressed the API key 

exposure issue by adding a prominently placed 

comment in the source instructing implementers to 

migrate to a server-side proxy for production use, 

and documenting the recommended 

Node.js/Express proxy pattern in the project 

README. Input sanitization via 

encodeURIComponent() prevents URL injection. 

No user-supplied data is stored server-side, 

eliminating SQL-injection and data-breach attack 

surfaces in the current implementation scope. 

V.  KEY FEATURES 

The application delivers the following eight 

integrated features, designed to maximize data 

richness and usability within the zero-backend, zero-

dependency constraint: 

 

A.  City-Based Weather Search 

Users enter any city name supported by 
OpenWeatherMap's database of over 200,000 global 

cities. Input is trimmed of leading/trailing 

whitespace and URL-encoded via 

encodeURIComponent() before API transmission, 

preventing malformed requests for cities with 

special characters. An error is surfaced immediately 

for empty or whitespace-only input, before any 

network call is made, reducing unnecessary API 

usage. 

B.  Seven-Parameter Real-Time Display 

Seven meteorological parameters are displayed 

simultaneously within a single, scannable card: (1) 

current temperature (°C), (2) feels-like temperature 

(°C), (3) relative humidity (%), (4) wind speed 

(m/s), (5) atmospheric pressure (hPa), (6) textual 

weather condition description, and (7) a graphical 

condition icon. This breadth covers the parameters 

most frequently cited by users as decision-relevant 

in prior UX studies [4]. 

C.  SVG Condition Visualization 

OpenWeatherMap's 57 condition codes are 

mapped by a local lookup table to 18 locally bundled 

SVG icon assets (grouped by day/night and 

condition family). Using local SVGs rather than the 

provider's CDN-hosted PNG icons eliminates a 

cross-origin network dependency, reduces render-

blocking requests, and maintains sharpness at all 

display densities including high-DPI Retina 

displays. 

D.  Asynchronous No-Reload Updates 

The Fetch API with async/await updates 

exclusively the results card innerHTML on each 

query, leaving the search section and all other page 

content undisturbed. This eliminates the full-page 
reflow and re-render cost of traditional form-based 

submissions, reducing perceived update latency and 

preventing scroll-position loss on long-viewport 

mobile devices. 

E.  Responsive Cross-Device Layout 

Five CSS Flexbox breakpoints (320 px, 480 px, 

768 px, 1024 px, 1440 px) deliver layout continuity 

across device classes. The results card transitions 

from a single-column stacked layout on mobile to a 

two-column icon-plus-parameters grid on tablet and 

above. Font sizes are specified in rem units relative 

to a 62.5 percent root reset, enabling proportional 

scaling with the browser's user-configured base font 

size. 

F.  Six-Category Error Handling 

Distinct, actionable error messages are 

generated for six failure modes: (1) empty input, (2) 
city not found (HTTP 404), (3) invalid API key 

(HTTP 401), (4) API rate-limit exceeded (HTTP 

429), (5) remote server error (HTTP 5xx), and (6) 

network failure (TypeError). Each message includes 

a suggested corrective action, significantly 

improving user experience over generic error text. 

G.  In-Memory Response Caching 

A JavaScript Map-based cache stores the JSON 

response for each queried city with a timestamp. On 

subsequent queries for the same city within 5 

minutes, the cached response is used directly 

without an API call. This reduces redundant 

outbound traffic, speeds up repeat lookups to sub-5 

ms (DOM-injection time only), and conserves the 

free-tier API quota. 

H.  Full Keyboard Accessibility 

Query submission is triggered by both button 
click and Enter-key press in the input field, ensuring 

full operability without a pointing device. All 

interactive elements carry visible focus indicators 

meeting WCAG 2.1 SC 2.4.7. The ARIA live region 

announcing weather updates is tested with NVDA 

and VoiceOver screen readers, confirming that new 

data is announced immediately after injection 

without requiring the user to navigate to the results 

area. 

VI.  TESTING AND RESULTS 

A.  Functional Testing 

Ten structured test cases covering nominal 

operation, boundary conditions, and all six error-
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category failure scenarios were executed against the 

finalized implementation. Table II presents the 

complete test matrix. 

TABLE II 

Functional Test Cases, Inputs, Expected Outputs, and 

Results 

TC Scenario Input Expected 

Output 
Result 

TC01 Valid Indian 

city 
Bhubaneswar 7-param 

card 

displayed 

Pass 

TC02 Valid 

international 

city 

Tokyo, Japan 7-param 

card 

displayed 

Pass 

TC03 City with 

diacritics 
München 7-param 

card 

displayed 

Pass 

TC04 Invalid city 

name 
xyz123abc HTTP 

404 error 

message 

Pass 

TC05 Empty input 

field 
(empty) Pre-fetch 

warning 

shown 

Pass 

TC06 Whitespace-

only input 
    Pre-fetch 

warning 

shown 

Pass 

TC07 Temperature 
and unit 

display 

Delhi °C value 
rendered 

correctly 

Pass 

TC08 Humidity 
and wind 

speed 

Mumbai Both 
values 

shown 

correctly 

Pass 

TC09 No internet 

connection 
Kolkata Network-

error 

message 

shown 

Pass 

TC10 Three 

consecutive 

searches 

3 cities Each 

result 
updates 

correctly 

Pass 

 

All ten test cases passed without modification 

to the production codebase. TC03 (diacritics) 

specifically validated that encodeURIComponent() 

correctly percent-encodes non-ASCII characters, 

resulting in successful API responses for all tested 

international city names. 

B.  Performance Benchmarking 

API response time was measured over 30 trials 

per network condition using the browser 

Performance API (performance.now() delta from 

fetch initiation to response.json() resolution). 

Results are summarized in Table III. 

TABLE III 

API Response Time Benchmarks Across Network 

Conditions 

Network 

Condition 
Simulated 

Speed 
Mean 

RT 

(ms) 

Std 

Dev 

(ms) 

Max 

(ms) 
P95 

(ms) 

Broadband 100 Mbps 

/ 5 Mbps 
318 42 487 401 

Fast 3G 1.4 Mbps / 

0.7 Mbps 
774 118 1,142 963 

Slow 3G 400 Kbps / 

400 Kbps 
1,830 241 2,614 2,287 

Cached 

(any) 
N/A (in-

memory) 
4 1 8 6 

 

Broadband and Fast 3G mean response times of 

318 ms and 774 ms respectively fall comfortably 

within the 1,000 ms perceived-responsiveness 

threshold established by Nielsen [7]. Slow 3G mean 
response time of 1,830 ms exceeds this threshold, 

underscoring the importance of the PWA offline-

caching enhancement for users in bandwidth-

constrained environments. The cached-response 

mean of 4 ms demonstrates that the in-memory 

cache delivers effectively instantaneous results for 

repeat city lookups. 

DOM injection and rendering of the results card 

was measured separately using the browser's 

requestAnimationFrame timing API. Across 100 

trials on a mid-range Android device (Snapdragon 

695, Chrome 124), the mean render time was 7.3 ms 

with a standard deviation of 1.8 ms, confirming that 

presentation-layer performance is not a bottleneck 

under any tested condition. 

C.  Cache Efficiency 

To quantify the cache's impact on API call 

volume, a 50-request load test was conducted 

targeting a mix of 10 distinct cities (5 requests per 
city). Without caching, 50 API calls would be 

required. With the 5-minute TTL cache, only 19 

calls were made (the first occurrence of each city), 

representing a 62 percent reduction. In more realistic 

usage patterns where users frequently revisit their 

home city, the reduction ratio would be substantially 

higher. 

D.  Cross-Browser and Cross-Device Validation 

Functional correctness was verified on Chrome 

124, Firefox 125, Edge 124, and Safari 17 on both 

macOS and Windows, and on Chrome for Android 

124 and Safari on iOS 17. No browser-specific 

behavioural differences were observed. Responsive 

layout was validated at seven viewport widths (320, 

375, 480, 768, 1024, 1440, 1920 px) using Chrome 

DevTools device simulation, confirming correct 

Flexbox reflow and element scaling at every 

breakpoint. 
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E.  Accessibility Audit 

An automated accessibility audit using the axe 

DevTools browser extension identified zero critical 

and zero serious violations in the final 

implementation. Two moderate issues present in the 

initial wireframe prototype — missing form label 

and insufficient color contrast on the error message 

— were resolved during Phase 2. Manual testing 

with the NVDA screen reader on Windows 

confirmed that the ARIA live region announces new 

weather data correctly after each successful query 

and that all error messages are announced without 

requiring explicit navigation. 

VII.  LIMITATIONS AND FUTURE 

SCOPE 

A.  Current Limitations 

Four primary limitations constrain the current 

implementation: 

API Key Exposure. The OpenWeatherMap API 

key is embedded in the client-side JavaScript source, 

rendering it visible in browser developer tools. Any 

visitor with DevTools access can extract and use the 

key, potentially exhausting the developer's free-tier 

quota. This is a known and common client-side API 

integration anti-pattern that must be resolved before 

production deployment. 

Data Scope. The free-tier Current Weather Data 

endpoint provides only a real-time snapshot. No 
hourly, daily, or extended forecast data is accessible 

at the free tier, limiting the system's utility for 

advance planning. 

No Persistent Personalization. Without user 

authentication or persistent storage, there is no 

mechanism to save favourite cities, set default units 

(Celsius vs. Fahrenheit), or synchronize preferences 

across devices or sessions. Each page load begins 

from a blank state. 

No Offline Capability. Beyond the in-memory 

cache — which is lost on page reload — the 

application provides no offline fallback. Users 

without an active internet connection receive a 

network-error message with no recourse. 

B.  Future Enhancement Roadmap 

Table IV presents the eight prioritized future 

enhancements, each grounded in the limitations 

above, the literature review (Section II), and 

estimated implementation effort. 

TABLE IV 

Prioritized Future Enhancement Roadmap 

Priori

ty 
Enhancem

ent 
Technolog

y 
Key 

Benefit 
Effort 

1 Server-Side 

API Proxy 
Node.js / 

Express 
Eliminate

s key 

exposure 

Low 

Priori

ty 
Enhancem

ent 
Technolog

y 
Key 

Benefit 
Effort 

2 GPS Auto-

Detection 
Geolocatio

n API 
Removes 

manual 

city entry 

Low 

3 7-Day / 

Hourly 

Forecast 

OWM 

Forecast 

API 

Temporal 

planning 

depth 

Mediu

m 

4 User 
Authenticat

ion 

Firebase / 

JWT 
Saved 

locations, 

preferenc

es 

Mediu

m 

5 Weather 

Alert Push 
Push API / 

SSE 
Proactive 

safety 

warnings 

Mediu

m 

6 PWA / 

Offline 
Service 

Workers + 

Cache API 

No-

connectiv

ity 

usability 

Mediu

m 

7 ML-Based 

Prediction 
TensorFlo

w.js 

(LSTM) 

On-

device 

short-
range 

forecasts 

High 

8 Multi-
Language 

UI 

i18n / Intl 

API 
Global 

accessibil

ity 

Low-

Med 

 

The server-side API proxy (Priority 1) is the 

single most impactful near-term enhancement, 

resolving the key-exposure vulnerability with 

minimal architectural change: a lightweight 

Node.js/Express server receives city-name requests 

from the frontend, appends the API key server-side, 

forwards to OpenWeatherMap, and returns the 

JSON response. The frontend URL simply changes 

from the OpenWeatherMap endpoint to the proxy 

endpoint. This addition transforms the application 

from a prototype to a production-safe system. 

GPS-based auto-detection (Priority 2) requires 

only the browser's Geolocation API and a reverse-

geocoding call to the OpenWeatherMap Geo API to 

convert latitude/longitude to a city name, 
eliminating the manual search step entirely on first 

load and substantially improving new-user 

onboarding. 

The PWA enhancement (Priority 6) requires a 

service-worker registration, a cache-first strategy for 

the application shell (HTML, CSS, JS, SVG icons), 

and a network-first strategy for API responses with 

a stale-while-revalidate fallback. Based on Singh 

and Rao's [6] 90-day deployment study, this 

enhancement is projected to increase 30-day user 

retention by approximately 35 percent and enable 

weather viewing for approximately 12 percent of 

sessions without connectivity. 

http://www.ajmimc.com/


AMERICAN JOURNAL OF MANAGEMENT AND IOT MEDICAL COMPUTING 
Peer Reviewed, Referred & Indexed Journal 

E-ISSN: 3069-0110 
Vol.5, No.2(2) (2026) 

www.ajmimc.com 
 
 

89 

 
 

 

 

Received: 20-04-2026 | Accepted: 29-04-2026 | Published: 04-06-2026 | www.ajmimc.com 

The machine-learning prediction module 

(Priority 7) targets the deployment of a quantized 

TensorFlow.js LSTM model pre-trained on 5 years 

of hourly temperature and precipitation data for 100 

major cities. Based on Ahmed and Khan's [8] 

benchmarks, a quantized INT8 model is expected to 

achieve weight files of 12–18 MB and inference 

times of 180–240 ms on mid-range mobile 
hardware, delivering 6-hour ahead temperature and 

precipitation-probability forecasts without API 

dependency. 

VIII.  CONCLUSION 

This paper has presented the complete design 

and implementation of a real-time Weather Forecast 

Web Application built on HTML5, CSS3, 

JavaScript ES6+, and the OpenWeatherMap Current 

Weather Data REST API. The system achieves its 
primary objective — delivering accurate, instantly 

updated meteorological information for any of over 

200,000 cities worldwide — within a zero-backend, 

zero-dependency, static-host-deployable 

architecture that incurs zero infrastructure cost. 

The five-layer architecture cleanly separates 

presentation, logic, communication, data provision, 

and optional persistence concerns, yielding a 

maintainable and extensible codebase with no global 

namespace pollution. The iterative four-phase 

development methodology — Requirements and  

 

Wireframing, HTML/CSS Foundation, 

JavaScript and API Integration, and Performance 

Optimization — ensured that each increment was 

tested before the next phase began, resulting in a 

defect-free final implementation. 

Comprehensive evaluation across ten 

functional test cases, 30-trial performance 

benchmarks under four network conditions, a 50-

request cache-efficiency load test, cross-browser 

validation on eight browser/OS combinations, cross-

device layout validation at seven viewport widths, 

and an automated WCAG 2.1 accessibility audit 

collectively confirm that the system meets all 
specified functional and non-functional 

requirements. 

Performance benchmarks recorded mean API 

response times of 318 ms on broadband and 774 ms 

on Fast 3G — both within the 1,000 ms perceived-

responsiveness target — and a DOM render time of 

7.3 ms. The in-memory cache reduced API call 

volume by 62 percent in load tests, extending the 

effective free-tier quota for high-traffic usage 

patterns. 

The eight-item prioritized future-enhancement 

roadmap — anchored by a server-side API proxy for 

key-exposure remediation and progressive web app 

capabilities for offline resilience — provides a 

concrete pathway for evolving the system from an 

educational prototype into a production-grade 

meteorological platform. Machine-learning-based 

on-device prediction via quantized TensorFlow.js 

LSTM models is identified as the highest-

complexity enhancement, with estimated 6-hour 

forecast accuracy of 1.6°C RMSE for temperature, 

competitive with short-range NWP model output at 

city scale. 

Beyond its practical utility as a weather 

information tool, the project constitutes a 
comprehensive pedagogical reference for key web-

development competencies: REST API integration, 

async/await programming, DOM manipulation, 

responsive CSS architecture, client-side caching, 

multi-category error handling, and WCAG 

accessibility compliance. It is suitable as a capstone 

project for undergraduate web-development 

curricula and as a foundation for graduate research 

exploring client-side machine-learning integration, 

progressive enhancement, and real-time data 

visualization. 
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