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Using the Budyko framework to evaluate the human imprint on

long-term surface water partitioning across India

Anav Vora1 and Riddhi Singh1

1Indian Institute of Technology Bombay

September 21, 2020

Abstract

The Budyko curve, relating a catchment’s water and energy balance, provides a useful tool to analyse how physio-climatic and

socio-economic characteristics may impact long-term runoff. Often a parametric form of the curve, the Fu’s equation, is used to

represent the catchment’s long-term water partitioning behaviour. Fu’s parameter ω, typically derived from observed climate

and runoff data, can further be related to catchments’ physio-climatic characteristics to enable understanding the main drivers

of their water balance. At times, prior analyses have reported potentially conflicting controls of characteristics on ω. Based on

the rationale that several hydrological processes act across varying spatio-temporal scales, we hypothesize that the impact of a

physio-climatic factor on ω is driven by its broader regional setting. We test our hypothesis by developing relationships between

ω and a curated database of 33 physio-climatic and socio-economic characteristics for 534 regional divisions of India. We employ

two related data-space splitting algorithms: classification and regression trees (CART) and random forest (RF) to study the

effects of potential controlling factors within their regional context. The algorithms diagnose a hierarchy of representative

vegetation, climate, soil, land use land cover, topography and anthropogenic controls. The most important characteristics

controlling ω were found to be: long-term temperature, percentage of short rooted vegetation, population density, and long-

term precipitation. We show the significance of considering the regional context by highlighting contrasting effects of two

factors: long-term temperature and the proportion of sand to silt content on ω. Anthropogenic activities were found to be

decisive in governing the effect of long-term temperature, indicating their influence on hydrological processes across the Indian

subcontinent.

Using the Budyko framework to evaluate the human imprint on long-term surface water par-
titioning across India

Running Head: HUMAN INFLUENCES WATER PARTITIONING BUDYKO INDIA
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1 Department of Civil Engineering, Indian Institute of Technology Bombay, Mumbai, India

2 Interdisciplinary Programme in Climate Studies, Indian Institute of Technology Bombay, Mumbai, India
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Short Informative :

• Use machine learning algorithms to identify dominant factors governing Fu’s parameter ω across land-
masses of India.

• Show that the influence of a physio-climatic factor, such as temperature, on ω may be governed by the
broader regional setting as governed by other factors such as population density and cultivation.

• Highlight the significance of using a classification and regression (CART) tree based framework to
identify nested controls on the hydrological processes governing surface water partitioning.

1



P
os

te
d

on
A

u
th

or
ea

21
S
ep

20
20

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
60

07
13

00
.0

66
40

92
9

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

• Show that anthropogenic activities are decisive in governing the effect of long-term temperature on ω
in heavily cultivated landmasses of India
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