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Abstract - The four-color theorem states that we can color 
planar maps using four or less colors such that adjacent 
regions have different colors. This study uses the political maps 
of India and the United States of America to determine the 
theorem’s practical applications. A uniform color scheme of 
red, green, blue and purple were used to color the maps. 
Special cases such as exclaves and island territories were 
addressed without exceeding the limit of four colors. The 
results confirm the theorem’s validity in real life case 
scenarios.  
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1.INTRODUCTION  

1.1 Four Color Theorem  

The four-color theorem states that any planar graph can 
be colored with at most four colors such that no two adjacent 
vertices share the same color. In simpler terms, it means that 
any map can be covered in not more than four colors so that 
no two adjacent regions or territories share the same color. 
Hence, any planar map, according to the Four-Color Theorem, 
has chromatic number χ(G)≤4. 

1.2 Cartography  

Cartography is the study of creating, designing and using 
maps. This includes selecting data sets, choosing scales and 
symbols and considering the map's purpose and audience.  

1.3 Importance in Cartography  

    The four-color theorem connects graph theory with 
geography, showing how mathematical concepts can solve 
real-world visualization problems. Over the course of its 
history, it has influenced Atlas Designs, Educational Maps 
and a Geographic Information System.  

2.METHODOLOGY  

2.1 Data Sources 

     Political maps were obtained from online sources. The 
outlines were simplified for clarity and disputed territories 
were handled according to national maps.  

 

2.2 Graph Representation  

To convert the political maps into graphs, each state or 
territory was converted into a vertex. An edge is drawn 
between two vertices if they share a land border with each 
other. Islands or states that do not share a land border with 
any other state are considered as isolated vertices.   

2.3 Coloring Strategy  

To color this map, four colors were used: Red, Green, Blue 
and Purple. As we started coloring the map, we started with 
the central regions and then moved to the borders of the 
countries. For eg: Madhya Pradesh and Chhattisgarh in India, 
and Missouri and Kansas in the United States.  

2.4 Tools Used  

Printed maps were used to apply the four color theorem by 
hand. Additionally, the maps were converted into graphs, 
online to represent states and territories as vertices and 
display their adjacency. To present the findings, online tools 
were used to make the final four-colored maps.  

3. COLORING SCHEME  

For both the maps, India and the United States, the same four 
colors were used for a consistent result. The colors used are: 
Red, Green, Blue and Purple.  

Table -1: Coloring Scheme 

Color Meaning 

Red Color 1 

Green Color 2 

Blue Color 3 

Purple Color 4 

 

4. GRAPH REPRESENTATIONS  

4.1 India  

The planar graph of the Indian political map has 36 vertices, 
each representing the 28 states and 8 union territories (UT). 
Each edge represents the shared land borders. A key 
observation is Uttar Pradesh having the highest degree of 9.  
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Fig-1: Planar Graph of Indian States and UT’s 

4.2 The United States of America  

The planar graph of the United States political map has 50 
vertices, each representing the 50 states (excluding District 
of Columbia). Each edge represents the shared land borders. 
A key observation is Tennessee and Missouri having the 
highest degree of 8.  

 

Fig-2: Planar Graph of US States 

 

 

 

 

 

 

 

5. COLORED MAPS 

5.1 India  

 

Fig-3: Colored Graph of Indian States and UT’s 

5.2 United States of America  

 

Fig-4: Colored Graph of US States 

6. FINDINGS AND OBSERVATIONS  

6.1 India  

Four colors were sufficient to cover the political map of India 
without adjacent regions having same color. The exclaves of 
Puducherry were the trickiest part because they share a 
border with three other states: Tamil Nadu, Andhra Pradesh 
and Kerala. The island territories of Lakshadweep and 
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Andaman and Nicobar Islands did not affect coloring because 
they do not share a land border with any other state.  

6.2 United States of America  

      Four colors were sufficient to cover the entire map 
without neighboring states having the same color. The states 
of Alaska and Hawaii did not affect the coloring because they 
do not share a land border with any other state. The four 
corner state border is not considered as a land border in this 
case. This means that New Mexico does not share a border 
with Utah and Arizona does not share a border with 
Colorado. The smaller states in the upper North East (New 
England States) and the states bordering DC were trickier to 
fill due to their geographic location and comparatively 
smaller size.  

7. COMPARATIVE ANALYSIS 

Table -2: Comparative Analysis 

Feature India United States of 
America 

Total Regions 36 (28 States+8 
UT’s) 

50 States 

Highest 
Adjacency Degree 

9 (Uttar Pradesh) 8 (Missouri, 
Tennessee) 

Isolated Regions Lakshadweep and 
Andaman and 
Nicobar Islands 

Hawaii and Alaska 

Colors Required 4 4 

 

8. DISCUSSION  

      This study confirms the four-color theorem which states 
that any planar region can be covered with four or less colors. 
We have used this theorem to color two real life political 
maps: India and the United States of America, proving that 
the geographical arrangement of states does not influence the 
coloring difficulty of a map, but does not increase the 
maximum colors beyond four.  

9. CONCLUSION  

     We can conclude that the four-color theorem holds true for 
the political maps of India and the United States. In both 
cases, analysis of the states’ adjacencies allowed efficient 
coloring only using four colors. This testifies the theorem’s 
importance in cartography and demonstrates its practical 
applications.  
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