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Introduction
- The majority of academic work is often concentrated on retrospective analytics of population distributions, 

changes, and dynamics.

- Preston [1] outlines how trends in demographic study will improve with the following trends:
A. Hardware and software for data storage, retrieval, and processing are improving.

B. Data collection, accessibility, and quality control of data are improving with organized institutions and 
the internet through Big Data, Social Media, etc...

C. Statistical methods and data processing algorithms are improving significantly.

- Forecasting tools and algorithms are crucial for various other sociological studies and decisions making 
guidelines for policy makers - especially issues pertaining to birth rates.



Projection Modeling
Projection Modeling is a methodology applied to taking past data and generating a model which will 
describe the future demographic distributions and structure.

- Typically, we frame the modeling problem as a Time Series Model, where given a series of past historical 
values, we attempt to predict the next sequence of values.

The United Nations was one of the very few organizations, in 1957 to release a projection model of various 
demographic information, such as birth rates.



Related Work
There are many published works and various models, which are often based on various mathematical and 
statistical based methods:

- United Nations’ Population Division proposed first set of projections in 1957 and continuously updates 
models.

Bongaarts proposed a deterministic model implementing various socio-economic features.

Alkema et. al proposed a probabilistic model based on Bayesian methods.

Shang et. al developed an ARIMA forecasting model.

There are a lot more work out there, we are only scratching the surface of what has been done so far.



Fundamental Challenges
Forecasting and predicting future trends is a non-trivial 
task due to the following reasons:

1. Data collection is often very challenging - 
regarding sampling strategies, quality control, 
and feature measurements.

2. Understanding and disentangling factors of 
proximate determinants of complex relationship 
is challenging.

3. Accounting for anomalies and sudden shifts in the 
distribution is very tricky (i.e. 1960 Baby Boom).

United Nations, World Population Prospects (various issues), Population Division,
Department of Economic and Social Affairs, New York.

United Nations Medium Variant Population Projections, 1957 to 2000 (billions)



ARIMA Model
The most commonly used method in time series modeling is ARIMA (Autoregressive Integrated Moving Average) 
or commonly known as the Box-Jenkins method.

- Autoregressive (p): The model regresses on its own lagged prior values.
- Integrated (q): Using differencing of raw observations to make values stationary.
- Moving Average (r): Considers the observation and residual error to factor in the lagged observations.

Advantages

- Easily interpretable parameters.
- Simple to implement and widely applied in 

various problem domains.
- Proven to be fairly robust for most cases - 

however with low precision.
- Computationally least intensive.

Disadvantages

- Assumes data to be stationary (mean, variance, 
and autocorrelation are consistent) - if not 
requires manual transformation.

- Assumes linear relationship temporally.
- Additional preprocessing and smoothing must be 

applied to data.
- Hand-Tuning parameters, p, q, and r is very 

difficult.



Deep Learning
Deep Learning a specific type of Machine Learning algorithm inspired by the human brain, known as 
Neural Networks.

- Recently, Neural Networks have shown significant improvement in predictive modeling of complex features 
in various tasks like Image Recognition, Self-Driving Cars, Natural Language Processing, etc - achieving 
state-of-the-art results.

- Models demonstrate a high rate of accuracy and precision over previous deterministic and statistical 
methods.

- Models are capable of learning complex non-linear features from the data in an end-to-end fashion.



The Proximate Determinant Framework
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Output:
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The graphical topology of Neural Networks can help to model Bongaarts’ Proximate Determinant Framework in an 
end-to-end manner.



Recurrent Neural Networks
Recurrent Neural Networks are a variant of Neural Networks which learns a temporally dependent set of 
parameters, which allows it to learn a sequence of values.
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Model Results (MAPE Distribution)
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