Supplementary Materials

Main Model

import numpy as np
import matplotlib.pyplot as plt
from itertools import product

# Parameters
NUM_FACTORS = 7
WEIGHT_START_REL = -0.1
WEIGHT_END_REL = 0.0  
WEIGHT_START = 0.0
WEIGHT_END = 1.6      
STEP_SIZE = 0.33       

# Data
disas = np.array([0.156, 0.166, 0.179, 0.174, 0.205, 0.238, 0.254, 0.282, 0.369, 0.630, 0.692, 0.647])
sci = np.array([0.127, 0.144, 0.170, 0.166, 0.145, 0.123, 0.149, 0.166, 0.278, 0.484, 0.544, 0.740])
rel = np.array([0.707, 0.748, 0.651, 0.453, 0.329, 0.241, 0.202, 0.161, 0.184, 0.149, 0.280, 0.310])
ind = np.array([0.096, 0.129, 0.169, 0.229, 0.354, 0.630, 0.701, 0.701, 0.520, 0.479, 0.270, 0.220])
human = np.array([0.119, 0.135, 0.161, 0.186, 0.297, 0.379, 0.454, 0.493, 0.621, 0.603, 0.845, 0.881])
urban = np.array([0.000, 0.001, 0.002, 0.004, 0.012, 0.032, 0.063, 0.120, 0.468, 0.573, 0.650, 0.761])
economy = np.array([0.154, 0.199, 0.254, 0.270, 0.323, 0.367, 0.476, 0.645, 0.723, 0.740, 0.557, 0.413])
factors = np.array([disas, sci, rel, ind, human, urban, economy])
target = np.array([0.690, 0.649, 0.675, 0.653, 0.622, 0.550, 0.491, 0.380, 0.324, 0.272, 0.310, 0.329])

# Grid Search Setup
weight_range_rel = np.arange(WEIGHT_START_REL, WEIGHT_END_REL + STEP_SIZE, STEP_SIZE)  # -0.3, -0.2, -0.1, 0.0
weight_range = np.arange(WEIGHT_START, WEIGHT_END + STEP_SIZE, STEP_SIZE)             # 0.0, 0.1, ..., 1.5
n_rel = len(weight_range_rel)  # 4
n_others = len(weight_range)   # 16
total_weight_combinations = n_others**6 * n_rel
print(f"Total weight combinations: {total_weight_combinations:,}")

# Progress Tracking
progress_step = 10
next_progress = progress_step
iteration_count = 0

# Grid Search
best_rmse = float('inf')  # Initialize with infinity for RMSE minimization
for weights in product(weight_range, weight_range, weight_range_rel, weight_range, 
                      weight_range, weight_range, weight_range):
    weights = np.array(weights)
    # Round weights to nearest step to avoid floating-point noise
    weights = np.round(weights / STEP_SIZE) * STEP_SIZE
    iteration_count += 1
    intermediate_values = sum(weights[i] * factors[i] for i in range(NUM_FACTORS) if i != 2) - weights[2] * factors[2]
    predicted = 0.75 - (intermediate_values / 5)
    rmse = np.sqrt(np.mean((predicted - target) ** 2))  # Calculate RMSE
    if rmse < best_rmse:  # Compare RMSE instead of MAD
        best_rmse = rmse
        best_weights = weights
        predicted_best = predicted
        best_mad = np.mean(np.abs(predicted - target))  # Still track MAD for reporting
    
    # Progress Update
    progress = (iteration_count / total_weight_combinations) * 100
    if progress >= next_progress:
        print(f"Progress: {next_progress}% (Iteration {iteration_count:,} of {total_weight_combinations:,})")
        next_progress += progress_step

# Output with clean formatting
print(f"Best weights: {[float(w) for w in best_weights]}")  # Convert to list of floats
print(f"Smallest RMSE: {best_rmse:.6f}")
print(f"Mean Absolute Difference: {best_mad:.6f}")
print(f"Predicted values: {[round(p, 4) for p in predicted_best]}")  # Round for readability

# Plot
years = [1810, 1830, 1850, 1870, 1890, 1910, 1930, 1950, 1970, 1990, 2010, 2020]
plt.plot(years, target, label='Target', marker='o')
plt.plot(years, predicted_best, label='Predicted (Best Fit)', marker='x')
plt.xlabel('Year')
plt.ylabel('Standardized Value')
plt.title('Target vs. Predicted Curves (Best Fit)')
plt.legend()
plt.grid(True)
plt.show()


Gradient Descent

import numpy as np

# Data
disas = np.array([0.156, 0.166, 0.179, 0.174, 0.205, 0.238, 0.254, 0.282, 0.369, 0.630, 0.692, 0.647])
sci = np.array([0.127, 0.144, 0.170, 0.166, 0.145, 0.123, 0.149, 0.166, 0.278, 0.484, 0.544, 0.740])
rel = np.array([0.707, 0.748, 0.651, 0.453, 0.329, 0.241, 0.202, 0.161, 0.184, 0.149, 0.280, 0.310])
ind = np.array([0.096, 0.129, 0.169, 0.229, 0.354, 0.630, 0.701, 0.701, 0.520, 0.479, 0.270, 0.220])
human = np.array([0.119, 0.135, 0.161, 0.186, 0.297, 0.379, 0.454, 0.493, 0.621, 0.603, 0.845, 0.881])
urban = np.array([0.000, 0.001, 0.002, 0.004, 0.012, 0.032, 0.063, 0.120, 0.468, 0.573, 0.650, 0.761])
economy = np.array([0.132, 0.181, 0.243, 0.250, 0.288, 0.308, 0.426, 0.649, 0.765, 0.783, 0.561, 0.410])
factors = np.array([disas, sci, rel, ind, human, urban, economy])
target = np.array([0.690, 0.649, 0.675, 0.653, 0.622, 0.550, 0.491, 0.380, 0.324, 0.272, 0.310, 0.329])

# RMSE function
def compute_rmse(weights):
    sum_t = np.sum(weights[:, None] * factors, axis=0)
    predicted = 1 - (sum_t / 5)
    return np.sqrt(np.mean((predicted - target) ** 2))

# Numerical gradient
def numerical_gradient(weights, epsilon=1e-6):
    grad = np.zeros_like(weights)
    for i in range(len(weights)):
        weights_plus = weights.copy()
        weights_minus = weights.copy()
        weights_plus[i] += epsilon
        weights_minus[i] -= epsilon
        grad[i] = (compute_rmse(weights_plus) - compute_rmse(weights_minus)) / (2 * epsilon)
    return grad

# Gradient descent
initial_weights = np.array([0.0, 0.0, 0.0, 0.6, 0.3, 1.5, 1.4])
weights = initial_weights.copy()
learning_rate = 0.01
iterations = 1000
bounds = (-0.2, 1.8)  # Adjust as needed

for i in range(iterations):
    grad = numerical_gradient(weights)
    weights -= learning_rate * grad
    # Clip weights to bounds
    weights = np.clip(weights, bounds[0], bounds[1])
    rmse = compute_rmse(weights)
    if i % 100 == 0:
        print(f"Iteration {i}: RMSE = {rmse:.6f}, Weights = {weights}")

# Final results
final_rmse = compute_rmse(weights)
sum_t = np.sum(weights[:, None] * factors, axis=0)
predicted = 0.75 - (sum_t / 5)
mad = np.mean(np.abs(predicted - target))
print(f"\nFinal Weights: {[float(w) for w in weights]}")
print(f"Final RMSE: {final_rmse:.6f}")
print(f"Final MAD: {mad:.6f}")
print(f"Predicted Values: {[round(p, 4) for p in predicted]}")
