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Abstract

There is an increasing demand to design policy in-
terventions to achieve various targets specified by
the UN Sustainable Development Goals by 2030.
Designing interventions is a complex task, given
that the system may often respond in unexpected
ways to a particular intervention. This could be
due to interventions towards a given target affect-
ing other unrelated variables, and/or interventions
leading to acute disparities in nearby geographic
areas. In order to address such issues, we pro-
pose a novel concept called Stress Modeling that
analyzes the holistic impact of a policy interven-
tion by taking into account the interactions within
a system, after the intervention. The simulation is
based on the postulate that complex systems of in-
teracting entities tend to settle down into “low en-
ergy” configurations by minimizing differentials in
the capabilities of neighboring entities. The simu-
lation shows how policy impact percolates through
geospatial boundaries over time and can be ap-
plied at any granularity. The theory and the corre-
sponding package have been explained along with a
case study analyzing a fertilizer policy in the Agro-
climatic Zones of the state of Karnataka, India.

1 Introduction & Contribution
Policy interventions are the primary mechanisms adopted
by several countries towards improving their indicators and
achieving targets on the UN Sustainable Development Goals
(SDGs). While most such interventions are administered
in a piecemeal fashion, researchers have stressed the need
for a holistic approach that incorporates interactions be-
tween different indicators and geographical regions [Nilsson
et al., 2016; Cucurachi and Suh, 2017; Wu et al., 2022;
Fonseca et al., 2020]. In order to ensure coherent pol-
icy/strategy making, there is a need to identify what is the
impact of an intervention over time and how the impact per-
colates geospatial entities.

There is an increasing understanding that sustainability
cannot be modeled as a goal-achievement problem. As ar-
gued by Constanza and Patten [1995], sustainability is not

a goal that can be achieved, but an assertion about the fu-
ture. Merely achieving a given target does not also guaran-
tee that this achievement will sustain. Sustainability needs
to be investigated along with an abstract notion of capability
[Kuklys, 2005]. Both these variables need to be considered
and optimized together. While capability can be understood
in terms of goal-achievement, sustainably improving capa-
bilities is more of a state maintenance problem. The SDG
targets that the UN has set to achieve can be perceived as an
enhancement of the capabilities rather than an achievement
of sustainability. It is more accurate to say that sustainable
development basically means sustainable improvement of ca-
pabilities.

In any complex system, individual entities with capabilities
interact with their neighboring entities. These interactions,
whether by design or otherwise, impact the system’s current
state continually till the system settles down to some stable
configuration. The capability of the system in a stable config-
uration may or may not be the intended capability meant to be
achieved by a policy intervention. Some forms of capability
enhancement interventions may serve to perturb the system
strongly enough such that it settles down into a different sta-
ble state, with a correspondingly different set of capabilities.
Thus, the question of creating policies to improve sustainabil-
ity in a region can be perceived as perturbing the system or the
region under consideration from its current stable state into
another stable state, such that the new capabilities it achieves
are productive for the people.

As noted by Nilsson et al. [2016], policymakers and plan-
ners usually operate in silos and often fail to notice how the
interventions of one sector affect another, positively or neg-
atively. In this light, our work aims to develop a method-
ology to model the capability enhancement intervention and
the following interactions to shift the system to a new state.
We propose a concept called Stress Modeling which is based
on the postulate that a complex system of interacting enti-
ties tends to settle down in “low energy” configurations by
minimizing capability differentials between interacting com-
ponents [Srinivasa, 2019; van Laarhoven et al., 1987]. The
capability differential between neighboring entities is called
stress. Each entity within the system strives to reduce the
stress it experiences. We have implemented Stress Modeling
to study the evolution of the impact of capability enhance-
ment interventions.
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Sustainability monitoring dashboards are com-
mon [Branchi and Feltrin, 2019a; Branchi and Feltrin, 2019b;
Das, b]; however, being confined to monitoring, they remain
inadequate for policymakers to analyze the impact of an
intervention. Tools like Dashboard of Sustainability [Das, a;
Head, 2020] allow policymakers to view the impact of
policies in real-time, but do not allow dynamic simulations
of policies or predict possible equilibrium states. Only tools
and models that are based on causal inference [Kiciman et
al., 2022] support intervention simulations and analysis of
possible impact. Even among them, Stress Modeling is novel
as it takes into account the interactions of the entities in the
system and the percolation of policy impact through both
time and space.

The sections below discuss the mathematical approach and
utility of Stress Modeling in the ongoing project Karnataka
Data Lake1 funded by the Government of Karnataka, India.

2 Stress Modeling
Formally, our model comprises an undirected graph G =
(V,E), where the nodes V represent the set of entities of
the system, under consideration. Edges of the form (u, v)
represent adjacency where capability changes in one are as-
sumed to impact the other. Let the set of neighbors of a
given node v be represented as Γ(v). Each node v ∈ V

is associated with a capability vector ⃗c(v) of m dimensions,
where the ith dimension is represented as ⃗ci(v). In the imple-
mentation of the package, the undirected graph G = (V,E)
is an object of GraphCreator. Users can input a custom
neighborhood graph, use one of the package’s PreComputed
graphs, or can generate it from a shape file using the method
ShapetoAdjFile(). The capabilities are encapsulated in a
Value object, which is an attribute of GraphCreator, using
the post-intervention capability values supplied by the user.

Policy interventions are essentially capability enhancement
interventions. They translate to changing one or more m di-
mensions of ⃗c(v) of one or more nodes v ∈ V . Let a policy
intervention result in the change of the capability vector of
node v from ⃗c(v) to ⃗c′(v). This would affect the neighbors
of v and their respective capability vectors. We model the
capability stress experienced by a node v as:

stress(v) =
∑

∀u∈Γ(v)

L2( ⃗c(v), ⃗c(u)) (1)

Here L2(·, ·) is the L2 or Euclidean distance between the
two vectors and is calculated as:

L2( ⃗c(v), ⃗c(u)) =

√√√√ m∑
i=1

( ⃗ci(v)− ⃗ci(u))2 (2)

Each node in the network then computes an adjustment to
its capability vector based on minimizing its stress with its
neighbors. The stable optimal vector ⃗co(v) for node v:

1 https://avalokana.karnataka.gov.in/DataLake/DataLake

Figure 1: Bayesian Network for Rice and Wheat Yield

⃗co(v) = argmin
⃗c(v)

stress(v) (3)

Minimization of stress is implemented as a gradient
descent routine (StressReduction.GradientDescent),
where each node computes several candidate changes to its
present capability vector and then chooses the one with the
highest gradient towards minimizing the stress. It is well
known that the mean minimizes the sum of Euclidean dis-
tance to a set of n points. Hence, in every iteration, the ca-
pability of each node moves towards the centroid of the poly-
gon formed by the capability vectors of its neighbors in m-
dimensional space. Thus, the capability vector ⃗c(v)new after
this iteration is,

⃗coi (v) =

∑
∀u∈Γ(v) ci(u)

|Γ(v)|
(4)

⃗c(v)new = ⃗c(v)− α ∗ ⃗co(v) (5)
The network is said to have reached a new equilibrium or sus-
tainable state when stress reduction routines converge for all
the nodes. The variation of capability vectors until conver-
gence is captured in an object of the class ResultObject.

The package provides basic visualization as part of the
Visualize method to show the change in capability vectors
over the iterations of Stress Modeling. Our result object can
be used to analyze the merit of any policy intervention w.r.t
what kind of side-effects and push-backs it caused in the sys-
tem.

Our model is available as a PyPI package 2 along with doc-
umentation and code 3 that can be used for geospatial sys-
tems, as explained in the demo video 4.

3 Case Study: Impact of Increasing NPK
Fertilizers on Agro-climatic Zones of
Karnataka

On the basis of the distribution of soil characteristics,
rainfall, and major cropping system, India is divided into
15 Agro-climatic Zones (ACZ). These zones are means to
apply climatological information to improve agricultural
productivity. Using the taxonomy described in Section 2, the
graph was set up with the 10 ACZ of the state of Karnataka,
India: North East Transition Zone (NETZ), Northeastern
2 https://pypi.org/project/StressModellingPackageTest
3 https://github.com/sowmithnandan/StressModellingPackageTest
4 https://rb.gy/jabyaw
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Figure 2: The above figure depicts the impact of High-NPK fertilizers intervention on Rice and Wheat Yields post Stress Modeling, for 10
consecutive crop cycles/timesteps, across 10 Agro-climatic Zones of Karnataka

Dry Zone (NEDZ), Northern Dry Zone (NDZ), Central Dry
Zone (CDZ), Eastern Dry Zone (EDZ), Southern Dry Zone
(SDZ), Southern Transition Zone (STZ), North Transition
Zone (NTZ), Hill Zone (HZ), Coastal Zone (CZ)5. The
edges connect geographically adjacent ACZ. The capability
vector has 2 dimensions [”Wheat Yield”, ”Rice Yield”],
both of which are target variables of the Bayesian network in
Figure 1.

3.1 Intervention and Stress Modeling
For each ACZ, the Bayesian network for rice and wheat
yield (Figure 1) is trained using the Karnataka At A Glance
dataset 6. Nitrogen (N), Potassium (K), and Phosphorus (P)
are the primary nutrients required for crops. An ideal ratio
of NPK is essential for sustainable plant growth hence, the
NPK distributed (Figure1) variable was chosen to intervene.

The intervention was performed by conditioning it to high
for all the ACZ in the state of Karnataka. This altered the cat-
egorical distribution of the target variables (Rice and Wheat
yield) in each zone. A scalar value for each dimension
of the capability vector can be obtained from the categor-
ical probability distribution by using any method from the
Scalarization class like L2 Norm, ATE etc., or any
user-defined function. We used L2 Norm in this case. We
get the value for all dimensions of the capability vector for
each ACZ and with that, the system is set up. Finally, the
Stress Modeling routine was run for 10 iterations to get the
final result7.

3.2 Results and Inferences
The following can be inferred post Stress Modeling 8 as
shown in Figure 2 in corroboration with the domain experts
from the Planning and Statistics Department, Government of
Karnataka, India 9.

• Effect of fertilizers on rice in coastal regions:
In Coastal regions (CZ), the intervention seems to have

5 https://e-krishiuasb.karnataka.gov.in/Weather/ViewWeatherData.aspx
6 https://kgis.ksrsac.in/kag/ 7 https://rb.gy/8p0jf0
8 https://kdl.iiitb.ac.in/stress-modelling/
9 https://planning.karnataka.gov.in/english

no immediate impact on rice yield and there is little
change throughout the iterations of Stress Modeling.
This implies that increasing NPK fertilizer levels does
not enhance rice yield, even in the long run.

• Wheat yield in the Northern regions:
The northern ACZ (NDZ, NETZ, NEDZ) have higher
wheat yield values than other zones throughout Stress
Modeling. This is in agreement with the observed wheat
yield in the northern dry regions of Karnataka.

• Spike observed during Stress Modeling:
After the policy intervention, an increase in wheat yield
is observed in NETZ till it reaches a peak. It then
plunges and gradually settles down to a new yield score.
Even though the policy may show an immediate effect,
its percolation on neighboring areas prompts the target
variables to settle down to a different equilibrium after a
few time steps.

4 Conclusions, Limitations and Future Work
Stress Modeling is a novel way to analyze the holistic im-
pact of interventions in complex systems and how the influ-
ence percolates through geospatial entities over time. The
associated package can be installed and used by all Python
users to study policy effects at any granularity10,11. Currently,
Stress Modeling is being used as a significant component of
the Policy Enunciator of the Policy Support System architec-
ture [Bassin, 2022; Bassin et al., 2022].

Stress Modeling ties in with the concept of computational
sustainability. A future direction would be to define notions
such as stability, resilience, and fairness within this frame-
work and test them at different equilibrium states. The stress
modeled in this work is “external” and is experienced by
entities because of the neighborhood/environment. Stress
can also be incurred between the dimensions of the capa-
bility vector. Internal Stress Modeling could be introduced
in the future to cater to the influence caused by the inter-
dependencies of different dimensions of a given capability
vector.

10 https://rb.gy/qtftud 11 https://rb.gy/tn3xpw
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