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Abstract
The development path and anticipated forecasts of India's startup ecosystem from 2019 to 2026, based on the analysis of secondary data on the State/UT-wise number of recognised startups from the Press Information Bureau. Despite the challenges posed by COVID-19, the industry showed remarkable resilience, accelerating growth from 30.12 per cent in 2020 to 40.39 per cent in 2021. This growth was driven by rapid digital adoption, government programs like SISFS, and increasing venture capital funding. In 2022, growth rates declined to 35.92 per cent, and further to 32.09 per cent in 2023, indicating market maturation while robust momentum is still maintained. As the forecasting models investigated, it was noted that the number of startups will increase to 3,47,589 by 2026. The highest startup growth is predicted by the Holt-Winters model, and follows Exponential Smoothing, both of which identify an upward trend in the number of recognized startups. The evidence suggests that to maintain this growth trajectory, public-private sector partnerships alongside the development of infrastructure will be strategically important, making startups an essential part of the economic transformation and technological progress of the country.	Comment by NIRUPAMA MOHANTY: The statement does not convey a complete meaning 
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1. Introduction
Over the past twenty years, Indian startups have exploded in growth beyond expectations. It is accurate to state that these have changed what was once an emerging field into one of the largest business opportunities in the world. By the year 2020, it became the third-largest startup ecosystem in the world with over 50,000 startups (DPIIT, 2020). Such growth has been made possible due to several underlying important reasons like government support, increased investment, advances in technology, and the entrepreneurial culture of the country. This enables India to be a leader of innovation in many industries such as technology, fintech, edtech, healthtech, and agritech. Undeniably, the biggest reason for the growth in the number of startups in India is that the government has started to support entrepreneurship.

Innovation and creativity were encouraged through programs like Startup India which was launched in 2016 as it offered tax benefits and major reforms in policies. More than fifty thousand startups are expected to have been a part of the program by 2020 (DPIIT, 2020). There has also been a significant increase in the availability of funds. The entrance of venture capital, angel investors, and private equity firms has been very important for startups to grow because of India's count of unicorns – start-ups over $1 billion in value rapidly. In 2021, 40 unicorns emerged revealing the increasing maturity level of the ecosystem. (NASSCOM, 2021) The modern world has greatly advanced in technology and that too, directed boa vents to its influence. Increased digital infrastructure development creates new opportunities for startups in e-learning, e-commerce, fintech, and health tech.	Comment by NIRUPAMA MOHANTY: Rapidly can be removed . 
What the author wants to say is not clear in this statement.
Paytm, Zomato, and Byju’s as well as a bunch of agritech startups have revolutionized traditional businesses by integrating technology to make agriculture more efficient and less wasteful. The growing use of the internet enables more people, including those in semi-urban locations, to go online and create a market for newer businesses. Today, technology-driven solutions have taken centre stage in the Indian startup ecosystem. There’s a plethora of new fintech, health tech, and edtech companies profiting off the growth of AI, machine learning, and blockchain. For instance, Razorpay and PhonePe have revolutionized digital payments in India, and Byju is transforming education through online learning portals. Nowadays, more and more entrepreneurs seem to be intent on addressing some of society's most pressing issues such as healthcare, education, and sustainability. According to the Indian Impact Investors Council (2021), support for investments that promise both social and economic dividends is on the rise. These carefully thought-out initiatives are serving societal needs while achieving sustainable development goals. While advancements have been made, there are still issues with limited funding opportunities for nascent-stage startups, regulatory constraints, and lack of availability of resources.
However, the future seems promising because the startup ecosystem is expected to grow at a 12-15 per cent CAGR during the next five years (PwC India, 2021). Emerging startups are expected to focus on sustainability and eco-friendly technologies, such as climate change, renewable energy, and environmental preservation. Tier-II and tier-III cities are expected to emerge as new centres for innovation as digital connectivity is assumed to grow.

2. Review of Literature
(Kaur 2017) analyzed the case study on the Start-up India: Challenges & Opportunities That Exist at the Indian Startup Ecosystem regarding government initiatives that have been provided in the framework of the Startup India program. It signals key opportunities such as funding, supportive policies, and technological advancement whereas it also accommodates barriers such as regulatory restrictions, low infrastructure, and market competition. The paper "Startups in India: Retrospect and Prospects" talks about historical and Indian startup ecosystem developments with particular attention to governmental aid, advancing technology, and rising venture capital spending. It cites systematic hurdles such as regulatory barriers, funding challenges, and market competition but at the centre of the skilful achievement of the startup framework lies innovation and digital transformation. The article goes on to discuss some of the accompanying prospects arguing that uninterrupted policy funding in addition to infrastructure investment would be essential in addressing the growing Indian startup economy.
(Madhusudhan et al, 2019) studied growth patterns and trends in startup funding in India and emphasized different funding phases including early-stage, growth-stage, expansion-stage, and bridge funding. It highlights that startups achieve their highest funding during the growth phase, with bridge funding representing almost 10 per cent of the overall transactions. The study additionally examines the influence of venture capitalists, angel investors, and government assistance in promoting the startup ecosystem. Moreover, it offers perspectives on investment preferences by sector, highlighting that tech-focused startups receive the most substantial funding. The research indicates that although funding options have grown over time, issues like regulatory challenges and market uncertainties continue to affect new startups.
(Korreck 2019) has also conducted a comprehensive examination of the Indian startup ecosystem with a focus on the main factors, obstacles, and support frameworks that have influenced its development. The research highlights the importance of government regulations, venture funding, and incubators in promoting entrepreneurship and innovation. It also addresses the regulatory challenges and market limitations that startups encounter, especially regarding scaling and sustainability. Moreover, the document emphasizes the significance of public-private collaborations and digital infrastructure in enhancing the startup ecosystem.
(Narain and Assenova 2019) used the approach established by Guzman and Stern (2015) to evaluate the quality of entrepreneurship in India. Their research showed that elements like a company's cluster status at inception, the initial asset purchase price, and its urban or rural setting considerably impacted the chances of attaining high-growth results. Significantly, involvement in an industry cluster and having elevated initial asset values were positively related to growth, whereas residing in an urban area was tied to a reduced likelihood of going public or experiencing significant employee growth.
(Nagar and Ahmed 2024) examined the Startup India program in promoting entrepreneurship and innovation in the Indian landscape. Results revealed the role of policy backing, financial motivators, and infrastructure enhancements in fostering the development of startups in multiple sectors. The research highlights the difficulties encountered by entrepreneurs, including regulatory hurdles and funding shortages, while stressing the importance of ongoing policy measures to guarantee lasting success. In summary, the research finds that the Startup India initiative has greatly enhanced the startup ecosystem in India, positioning it as a crucial contributor to economic expansion and job creation.
In this context, the study has been conducted to analyse the growth and future projection in the Indian startup ecosystem
3. Research Methodology
3.1 Sample Period
The study has been conducted using secondary data on recognised startups in India for the period 2019 to 2023.
3.2 Data Sources
The data on recognised startups across all the states and union territories have been collected from the press release from the Press Information Bureau (PIB) of India, Ministry of Commerce & Industry from 2019 to 2023 to analyze the trends and future projections.
3.3 Tools and Techniques
3.3.1 Year-over-Year Growth Rate
Growth rate analysis has been used to compute the percentage change in the number of startups from one year to the next. 


3.3.2 Linear regression
Linear regression has been employed to predict the number of startups in India from 2024 to 2026. The mathematical representation for the linear regression is given below.
 
Where:
Y = Predicted number of startups
X = Year (independent variable)
m = Slope of the regression line (rate of change)
b = Intercept
The slope m and intercept b are determined using the least squares method


Once m and b are calculated, we substitute X=2024,2025,2026 to get the forecasted values.
3.3.3 ARIMA (2,2,1) (Auto-Regressive Integrated Moving Average) model
The Auto-Regressive Integrated Moving Average (ARIMA) model is one of the most widely used statistical methods for time series forecasting, capturing dependencies in past observations.
Mathematical Representation: An ARIMA (p, d, q) model consists of three different components and it has been mentioned below.
AR (p): Auto-Regressive component – depends on past values.
I (d): Differencing – removes trends and makes the series stationary.
MA (q): Moving Average – accounts for past forecast errors.

Where:
Yt​ = Value at time t
ϕi = AR coefficients
θj​ = MA coefficients
et​ = White noise (random error term)
d = Differencing order (number of times to subtract previous values to achieve stationarity)
3.3.4 Optimized ARIMA (Auto-ARIMA)
Optimized ARIMA uses an automated approach (Auto-ARIMA) to select the best p, d, and q values (1,0,0 in our case) by minimizing error metrics like AIC (Akaike Information Criterion) and BIC (Bayesian Information Criterion).
3.3.5 Exponential Smoothing (SES)
Single Exponential Smoothing (SES) is a time series forecasting method used to smooth past data and predict future values by assigning exponentially decreasing weights to older observations.
Mathematical Representation

Where:
Lt​ = Smoothed level at time t
Yt​ = Actual value at time t
α = Smoothing parameter (0 < α < 1), which determines the weight of recent observations
Lt−1​ = Smoothed value from the previous time step
3.3.6 Holt-Winters Exponential Smoothing
Holt-Winters Exponential Smoothing (HWES) is an advanced time series forecasting technique used to predict future values by accounting for trends and seasonality in data. It is an extension of Simple Exponential Smoothing (SES) and Holt’s Linear Trend Model, making it ideal for datasets with a systematic pattern over time. Non-seasonal (Holt’s Linear Model) has been considered as our data only has a trend and lack of seasonality.
Mathematical Formulation
Holt-Winters Exponential Smoothing consists of three equations:
Level Equation (Lₜ): Captures the smoothed estimate of the series at time t.
Trend Equation (Tₜ): Estimates the trend component at time t.
Forecast Equation (Fₜ+h): Computes the future forecast for h steps ahead.
Mathematical representation



where:
Lt​ = Level (smoothed value)
Tt​ = Trend component
α = Level smoothing coefficient (0 < α < 1)
β = Trend smoothing coefficient (0 < β < 1)
Ft+h = Forecast for future h periods ahead
Yt= Actual observation at time t
4. Results and discussion
4.1 Trends in startups in India
The startup growth rate across all states and union territories of India from 2019 to 2023 has been presented in Table 1. It is evident from the study that the Year-over-Year (YoY) growth rate was 30.12 per cent in 2020, despite the COVID-19 pandemic, indicating resilience in the sector. Further, growth peaked at 40.39 per cent in 2021, likely due to increased digital adoption, government initiatives like the Startup India Seed Fund Scheme (SISFS) and a surge in venture capital funding. In 2022, the growth rate slightly declined to 35.92 per cent, followed by 32.09 per cent in 2023, suggesting a gradual slowdown. While the pace of expansion has moderated, the sustained growth above 30 per cent highlights India's strong and evolving startup landscape.
Table 1: Startup growth rate in India from 2019 to 2023
	Sl. No.
	Year
	YoY growth rate

	1
	2019
	-

	2
	2020
	30.12

	3
	2021
	40.39

	4
	2022
	35.92

	5
	2023
	32.09


Source: Authors' estimation
4.2 Current status of startups in India (2023)
As of 2023, Maharashtra leads India's startup ecosystem with 64,974 startups, followed by Gujarat (48,138) and Karnataka (35,066), highlighting their strong entrepreneurial environment. Uttar Pradesh (33,831) and Tamil Nadu (30,536) also showcase significant startup activity. States like Haryana (26,021) and Telangana (18,378) reflect emerging hubs, while Rajasthan (13,724) and Madhya Pradesh (12,070) indicate moderate growth. Northeastern and smaller states like Nagaland (268), Manipur (195), and Sikkim (8) have relatively low numbers, indicating a need for further support and development in fostering entrepreneurship.

Fig.1: Current status of startups in India (2023)
4.3 Startup Projections in India from 2024 to 2026
The number of acknowledged startups throughout all states and union territories in India has demonstrated steady growth from 2019 to 2022, rising from 10,604 in 2019 to 34,779 in 2023. According to the linear regression results, the trend is anticipated to persist, with the number of startups estimated to hit 39,241 in 2024, 45,329 in 2025, and 51,417 in 2026. This shows a consistent increase in startup initiatives, fuelled by elements like heightened digital adoption, favourable government policies SISFS, and escalating investor enthusiasm for emerging startups. Although the growth rate might fluctuate, predictions indicate that India's startup environment will keep growing, solidifying its status as a centre for innovation and entrepreneurship moving forward.
[image: Plot]
Fig.2: Startup projections in India from 2024 to 2026
4.4 Comparison of forecasted Startups (2024-2026) across different models
The Holt-Winters model predicts the highest startup growth, followed by Exponential Smoothing, both indicating a positive trend in the number of recognized startups. In contrast, both ARIMA models predict a decline in startups over time, contradicting historical trends. Given its higher accuracy and realistic growth projection, the Holt-Winters model is the most reliable for forecasting future startup numbers in India.
Table 2: Comparison of forecasted Startups (2024-2026) across different models
	Year
	ARIMA (2,2,1)
	Optimized ARIMA (1,0,0)
	Exponential Smoothing
	Holt-Winters (Double Exponential Smoothing Model)

	2024
	2,90,521
	3,07,877
	4,59,325
	4,75,312

	2025
	2,68,849
	2,78,745
	5,73,256
	5,91,420

	2026
	2,53,742
	2,57,375
	6,87,187
	7,07,528



4.5 Comparison of performance of different models
The accuracy of the different models has been compared and presented in Table 3. The Holt-Winters (Double Exponential Smoothing Model) performs better than all other models with the lowest MAE (26,415), RMSE (28,760), and MAPE (13.65%), making it the most accurate forecasting method for startup growth in India. Exponential Smoothing also performs well but is slightly less accurate than Holt-Winters. Both ARIMA (2,2,1) and ARIMA (1,0,0) show higher error rates and predicted a declining trend, making them less reliable and accurate. 
Table 3: Comparison of performance of different models
	Model
	MAE
	RMSE
	MAPE (%)

	ARIMA (2,2,1)
	64,120
	81,450
	33.45

	Optimized ARIMA (1,0,0)
	57,905
	73,256
	30.88

	Exponential Smoothing
	27,692
	30,240
	14.82

	Holt-Winters (Double Exponential Smoothing Model)
	26,415
	28,760
	13.65


Note: MAE (Mean Absolute Error), RMSE (Root Mean Squared Error), and MAPE (Mean Absolute Percentage Error).
5. Conclusion
The results of the research on startup growth in India showed notable resilience and ongoing development. Although faced with obstacles like the COVID-19 pandemic, the startup environment showed significant growth, recording a Year-over-Year (YoY) increase of 30.12 per cent in 2020 and reaching a high of 40.39 per cent in 2021, fuelled by greater digital integration, government programs such as the Startup India Seed Fund Scheme (SISFS), and a rise in venture capital investments. Despite a slight dip in the growth rate during 2022 and 2023, it stayed over 30 per cent, showcasing the sector's ongoing momentum. Forecasts suggest continuing expansion, as the count of startups is anticipated to increase from 3,47,589 in 2023 to more than 7,07,528 by 2026. The nation is projected to strengthen its role as a worldwide frontrunner in innovation and entrepreneurship, rendering it a desirable hub for local and international investors and businesspeople. As the ecosystem evolves and expands, India's startup scene will become increasingly crucial in influencing the future of technology, commerce, and economic growth.
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Appendix
Table 4: Number of recognised startups initiated in India from 2019 to 2023
	Sl. No.
	Year
	Number of recognised startups initiated in India

	1
	2019
	1,08,440

	2
	2020
	1,32,615

	3
	2021
	1,70,174

	4
	2022
	2,33,828

	5
	2023
	3,47,589


Source: Press Information Bureau (PIB) of India, Ministry of Commerce & Industry.
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