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                     Abstract 
 India has a growing water crisis fueled by global warming and a rising population. There is an urgent need for accurate water 

availability assessments and sustainable water management strategies for urban and rural areas. This can be achieved by 

developing novel decision-making tools for eff ective water resource management by improving the hydrological models and 

our understanding of hydrological processes. The changing climate adds complexity to hydrological processes, necessitating 

accurate modelling and impact assessments to build climate change-resilient water resource systems. This review examines 

the advancements in hydrological process understanding and surface hydrological modelling in India from 2019 to 2023. 

Recent years have witnessed substantial contributions from the Indian hydrology community, which include quantifying 

climate change impacts on water and carbon cycle at a basin scale, improvements in hydrological modelling and forecasting 

extremes, the introduction of novel physics-based data-driven approaches, urban fl ood modelling and the development of 

fi rst-ever state-of-the-art fl ood early warning system among other notable climate services. In addition, the idea of studying 

natural systems as coupled human-natural systems has gained prominence in India. This review aims to provide insights 

into recent developments in surface water hydrology in India and highlight the potential future avenues of research that can 

uplift water resources management in India. 
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      Introduction 

 Climate change is altering the global hydrological cycle. 

The sixth assessment report by the Intergovernmental Panel 

on Climate Change (IPCC) projects an increase in extremes 

and spatial variability in the Indian summer monsoon (ISM), 

which poses a challenge to water security in India (Canadell 

et al.  2021 ). Since agriculture remains the most important 

livelihood practiced across the country, water resources 

management strategies for the country must factor in the 

complexities introduced by climate change on human-man-

aged natural systems. The modern hydrology in India has 

been shaped by advancements spanning several decades 

after India’s independence (Fig.  1 ). Chandra and Mujumdar 

( 2018 ,  2019 ) and Singh et al. ( 2020b ) provide a summary 

of advancements in modern hydrology-related research in 

India prior to 2019, and Singh et al. ( 2020a ) discuss the 

history of hydrology in ancient India. This paper summa-

rizes the advancements in hydrology made in India from 

2019–2023, focusing on surface hydrological processes and 

modelling. The following sections review the recent studies 

by the hydrology community for the Indian region.         

    Understanding hydrological processes 

 Substantial research has been done by the Indian hydrol-

ogy community in recent years to better our understanding 

of surface hydrological processes like evapotranspiration 
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(ET), throughfall (TF), stemfl ow (SF), interception (IT), 

runoff  (Q), infi ltration (IF), etc. (Dey and Mujumdar  2019 , 

 2022 ; Adarsh et al.  2020 ; Mahapatra et al.  2020 ; Bharat and 

Mishra  2021 ; Sahoo et al.  2021 ; Anand et al.  2022 ; Shukla 

et al.  2022 ; Tomar et al.  2022 ; Pandey and Raghubanshi 

 2022 ; Dhaloiya et  al.  2023 ; Ramachandran et  al.  2023 ; 

Ramarao et al.  2023 ). Bharat and Mishra ( 2021 ) examined 

the sensitivity of runoff  to precipitation (P) and potential 

evapotranspiration (PET) in 18 river basins and 222 sub-

basins from 1980–2014. The authors found that north-Indian 

rivers have experienced a decline in rainfall due to reduced 

P and high PET, whereas the river basins in south and east 

have experienced an increase in the runoff  primarily driven 

by increasing P. Jana et al. ( 2021 ) studied the TF and SF in 

the deodar and oak forests of the Garhwal region and found 

that deodar forests have higher interception loss than oak 

forests, which helps maintain water-rich soils and support 

sustainable agriculture. 

    Groundwater-surface water interactions 

 The net direction of water transfer between ground water 

(GW) and surface water (SW) is an important characteristic 

of any region (Kshetrimayum and Laishram  2020 ; Preetha 

et al.  2021 ). Climate change can alter this water balance, 

and human activities can also cause contamination of the 

groundwater, which has serious implications because of its 

long residence times (Wagh et al.  2020 ; Joseph et al.  2022a ; 

Huggannavar and Indu  2023 ). Preetha et al. ( 2021 ) quan-

tifi ed the GW-SW interaction in the Chennai River basin 

using coupled Soil and Water Assessment Tool (SWAT) 

model and GW fi nite element model (FEM) and found that 

GW-SW interaction is high along the mainstream of the 

basin and is impacted by human activities like pond irriga-

tion. GW-SW interactions are also critical in the formation 

of natural springs. In recent years, initiatives have been taken 

to address the spring ecosystem management in the Himala-

yas in India; however, the lack of observed data is one of the 

greatest challenges in this fi eld (Gosavi et al.  2021 ). 

    Land–atmosphere interactions 

 The exchange of energy, water vapor, and momentum 

between the land surface and the overlying atmosphere, 

called the land–atmosphere feedback (Fig.  2 ), is known to 

impact the spatial variability of the Indian summer mon-

soon (ISM) and hence the water availability in diff erent river 

basins of India (Ashfaq  2020 ; Budakoti et al.  2021 ; Nandi-

tha et al.  2022 ; Chauhan et al.  2023 ; Mohanty et al.  2023 ; 

Navale and Karthikeyan  2023 ; Sahastrabuddhe et al.  2023 ). 

The ISM receives up to 25% of its rainfall from recycled 

precipitation which varies with the intra-seasonal oscilla-

tions of ISM, has a spatio-temporal variation, and peaks in 

the afternoon due to enhanced convective activity (Pathak 

et al.  2014 ; Navale and Karthikeyan  2023 ). Hence, a bet-

ter representation of land surface processes can improve 

the simulations of ISM which was missing prior to 2018 

leading to a dry bias in ISM simulations (Devanand et al. 

 2018 ; Sahana et al.  2019 ). To bridge this gap, Devanand 

et al. ( 2019 ) developed an India-specifi c irrigation module 

  Fig. 1       Schematic diagram 
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for a coupled regional climate model (WRF-CLM4) which 

included fl ood irrigation and paddy cultivation and showed 

improvements in the simulations of ISM and its extremes. 

On the role of irrigation, Mishra et al. ( 2020 ) stated that 

irrigation increases pre-monsoon moist heat stress in India; 

however, Jha et al. ( 2022 ) showed that the increase in the 

relative humidity by irrigation is minuscule, which cannot 

be a critical control of moist heat stress during pre-monsoon. 

Many other studies have shown that changes in land use and 

land cover (LULC) can also aff ect the hydrological cycle 

(Kumar and Jayakumar  2020 ; Mathur and AchutaRao  2020 ; 

Boyaj et al.  2020 ; Jain et al.  2021 ; Swarnkar et al.  2021 ; 

Tanksali and Soraganvi  2021 ; Kumar et al.  2023 ).         

    Carbon and water cycle interactions 

 The land–atmosphere feedback also couples the carbon and 

water cycle as vegetation productivity is sensitive to changes 

in soil moisture (SM) and atmospheric conditions like  CO 2  

concentration, as shown in Fig.  2  (Dubey and Ghosh  2023a , 

 b ). This research area has gained momentum in India only 

in recent years and broadly comprises the following types of 

studies: (1) Impact of changes in the water cycle on the ter-

restrial carbon cycle, which focuses on quantifying the role of 

atmosphere and land surface processes like SM, Precipitation 

(P), Temperature (T), and VPD, in modulating vegetation pro-

ductivity, its effi  ciency, its resilience, and their projections for 

rising CO2 concentrations and future climate scenarios (Verma 

et al.  2022 ; Dubey and Ghosh  2023b ; Kashyap et al.  2023 ). 

(2) Studies on the eff ects of carbon dynamics on land–surface 

and atmospheric processes like humidity and temperature and 

their projections in future climate change scenarios (Sebas-

tian et al.  2019 ; Devanand et al.  2019 ; Budakoti et al.  2021 ; 

Joseph and Ghosh  2023 ; Dubey and Ghosh  2023a ). (3) Studies 

on estimating ecosystem services under rising  CO 2  and other 

anthropogenic and natural changes considering a holistic view 

of ecosystems (Das and Das  2019 ; Gosavi et al.  2021 ). 

    Coupled human-natural systems 

 Studying the earth system as a coupled human and natural 

system (CHANS) has also gained attention in India in recent 

years because climate, water, food, energy, and human behav-

iour are tightly coupled (Tripathy et al.  2020 ; Katyaini et al. 

 2021 ; Roy et al.  2021 ; Vora and Singh  2021 ; Devaraj et al. 

 2022 ; Mukherji  2022 ; Chakraborti et al.  2023 ; Joseph and 

Ghosh  2023 ). In this framework, the water-food-energy nexus 

(WEF, Fig.  3 ) has gained special recognition in  because of its 

importance in shaping the agricultural output of the country 

(Amjath-Babu et al.  2019 ; Katyaini et al.  2021 ; Yadav et al. 

 2021 ; Roy et al.  2022 ; Sarangi and Sekhar  2022 ; Fagodiya 

et al.  2023 ). Mukherji ( 2022 ) discusses the history of the 

WEF nexus and states that India’s calorie-centric approach to 

ensuring food availability fuels a WEF that promotes rampant 

irrigation and GW reduction. Shifting to a nutrition-centric 

approach of food subsidy would incentivize less water-inten-

sive crops and also improve GW as a co-benefi t. Chakraborti 

et al. ( 2023 ) demonstrated these co-benefi ts of switching 

crops in the Ganga basin – India’s food bowl. They found that 

switching from rice to millets could reduce water consumption 

by up to 34% while increasing farmer profi ts by up to 140%, 

along with other benefi ts.         
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  Fig. 2       Schematic representation of the land–atmosphere feedback (left) and the response of vegetation to elevated CO2 (right)  
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    Improved water resource management 
in changing climate 

 In order to increase the resilience of water resources against 

climate change, India has planned for ambitious inter-basin 

water transfer projects (NWDA  2022 ). While the potential 

of these projects to remedy water scarcity sounds promis-

ing, their optimized operation strategies and environmental 

consequences are unknown (Singh et al.  2022b ). Poor multi-

reservoir management can lead to fl ooding amid increasing 

connections between reservoirs (Sudheer et al.  2019 ); hence, 

co-operative strategies and novel frameworks are needed 

for the effi  cient management of connected water resource 

systems (Veena et al.  2021 ; Molakala and Singh  2023 ). 

Chauhan et al. ( 2023 ) showed that physically transferring 

water from one basin to another for irrigation can change 

the spatial variability of ISM by land–atmosphere feedback 

and calls for including land–atmosphere feedback in multi-

reservoir operations. Amid rising water scarcity, managing 

irrigation at farm scale is a challenge which needs accurate 

estimates of water demand and novel technologies (Sarangi 

and Sekhar 2022; Sushanth et al.  2023 ). To address this, a 

state-of-the-art optimization framework has been proposed 

by Roy et al. ( 2021 ,  2022 ,  2023a ), which utilizes mini-

mal in situ soil moisture measurements along with short, 

medium, and extended-range weather forecasts to generate 

irrigation schedules for farmers. Their framework demon-

strated water savings of up to 30% without any loss of agri-

cultural yields in grape farms of Nashik district. Joseph and 

Ghosh ( 2023 ) developed an India-specifi c irrigation module 

in the Variable Infi ltration Capacity (VIC) model to repre-

sent the dynamics of fl ood irrigation and paddy cultivation 

in India, which improved the estimates of ET and SM in the 

Indo-Gangetic Plains (IGP). Further, Joseph et al. ( 2022a ) 

found an improvement in GW levels post-shifting from fl ood 

to drip irrigation in paddy-cultivated areas. 

 With the growing concern over climate change and its 

potential implications, hydrological modelling has gained 

signifi cant importance as a means to assess the impact of 

shifting climate patterns on water resources. Several stud-

ies have been conducted in Indian river basins on climate 

change impact assessment through hydrological modelling 

approaches in recent years, suggesting the pressing need for 

adaptive water management strategies in the country (Chok-

kavarapu and Mandla  2019 ; Pandey et al.  2019 ; Ramachan-

dran et al.  2019 ; Hunt and Menon  2020 ; Dahri et al.  2021 ). 

Similarly, various studies assessing the impact of land use 

and irrigation pattern changes have also implied that holistic 

and integrated frameworks are crucial for sustainable water 

management in the Indian river basins (Munoth and Goyal 

 2020 ; Santy et al.  2020 ; Sinha et al.  2020 ; Srivastava et al. 

 2020 ; Gowri et al.  2021 ; Gunjan et al.  2023 ). Bhatta et al. 

( 2019 ) studied a Himalayan basin (Tamor river basin) and 

found that under RCP 8.5 scenarios, the basin would expe-

rience over 8.5% decline in streamfl ow in the twenty-fi rst 

century. 

    Glacial and snow hydrology 

 Substantial research has been done in India on snow and 

glacial hydrology in recent years. Research in this fi eld 

is primarily structured in three broad categories: Remote 

sensing and GIS-based studies, in-situ fi eld-based studies, 

and hydrological models or data-driven techniques to study 

the dynamics of snow and glacial processes (Joshi et al. 

 2020 ; Maurya et al.  2020 ; Shukla and Garg  2020 ; Azam 

et al.  2021 ; Majeed et al.  2021 ; Pandey et al.  2021 ; Shukla 

et al.  2021 ; Singh et al.  2021 ; Sood et al.  2021 ; Romshoo 

et al.  2022 ; Singh et al.  2022c ; Verma and Ramsankaran 

 2022 ; Banerjee et al.  2023 ; Laha et al.  2023 ). Prior to 2021, 

hydrological models like VIC did not account for glacial 

melt in their simulations. Chandel and Ghosh ( 2021 ) inte-

grated a glacial melt model with VIC and demonstrated its 

improved performance in estimating runoff  from fi ve river 

basins in the Himalayas. Banerjee ( 2022 ) found contrasting 

responses of glacial runoff  across the globe to variability 

in precipitation and temperature, which ensures the stabil-

ity of glacial runoff  against climate variability. Hence, the 

interplay of precipitation-driven runoff  from a catchment 

and temperature-driven runoff  from the glacier shapes the 

glacial and snow hydrology in a changing climate. Azam 

et al. ( 2019 ) developed a glacio-hydrological model using 

comprehensive fi eld-derived data for a glacial basin in the 

western Himalayas. The study revealed that mean annual 

runoff  had contributions from snowmelt (63%), glacier melt 

(17%) and rainfall (20%). Some major gaps in this fi eld are 

due to the lack of observations and a poor understanding of 
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  Fig. 3       Schematic representation of the water-food-energy nexus  
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processes associated with sublimation, black carbon, debris 

cover, glacier volumes, permafrost, etc. (Azam et al.  2021 ). 

    Surface water modelling 

 Surface water modelling in India has witnessed remark-

able progress in recent years, driven by innovative data-

driven approaches like machine learning (ML), advanced 

Geographic Information System (GIS), and improved data 

availability from ground observations and high-resolution 

satellite imagery to improve hydrological models (Jaiswal 

et al.  2020 ; Mujumdar et al.  2021 ; Saharia et al.  2021 ; Sarkar 

and Himesh  2021 ; Shukla et al.  2021 ; Sundaram et al.  2021 ; 

Chakrabortty et al.  2022 ; Maity and Maity  2022 ; Singh et al. 

 2022d ; Visweshwaran et al.  2022 ; Maharana et al.  2022 ; 

Himanshu et al.  2023 ; Verma and Indu  2023 ; Teja et al. 

 2023 ). Horan et al. ( 2021 ) compared the predictive capabil-

ity of three hydrological models, GWAVA (Global Water 

AVailability Assessment), SWAT and VIC, in the Cauvery 

river basin in Peninsular India and suggested that a multi-

model ensemble is superior to individual models. 

 In recent years, the India Meteorological Department 

(IMD) has improved its observation network for precipi-

tation across India, which combined with improvements 

in modelling, led to a 40% improvement in the accuracy 

of heavy rainfall forecasts in 2018–2022 (Mohapatra et al. 

 2023 ). Mahto and Mishra ( 2019 ) compared the most recent 

fi fth-generate reanalysis product (ERA-5) from the Euro-

pean Centre for Medium Weather Forecasts (ECMWF) with 

other reanalysis products and reported that it has the highest 

effi  cacy for most applications in India. A comprehensive 

analysis to evaluate the digital elevation models DEMs by 

Munoth and Goyal ( 2019 ) found that CARTOSAT-Version1 

(CARTO-V1) and CARTOSAT-Version3 (CATRO-V3 Digi-

tal Surface Model) exhibited superior vertical accuracy at a 

90% confi dence interval compared to other datasets. Chawla 

and Mujumdar ( 2020 ) compared rainfall from Weather 

Research and Forecast (WRF) model simulations, reanalysis, 

and satellite products for the Himalayan region and found 

that WRF showed the highest effi  cacy in replicating extreme 

rainfall events and fl ood discharge. 

 With an explosion of data availability in recent decades 

due to advancements in remote sensing techniques, data-

driven techniques like ML and information theory are 

becoming increasingly popular in hydrology (Behera et al. 

 2019 ; Singh et al.  2019 ; Guntu et al.  2020 ; Bhasme et al. 

 2022 ; Sarkar et al.  2022 ; Sharma and Mujumdar  2022 ) .  
Kumar et al. ( 2019 ) demonstrated the utility of machine 

learning models like Recurrent Neural Networks (RNN) and 

Long Short-term Memory networks (LSTM) for monthly 

rainfall forecasting over India. Bhasme et al. ( 2022 ) devel-

oped a novel physics-guided ML framework which estimates 

evapotranspiration using ML within a physically-based 

hydrological model, delivering significant performance 

gains. As data availability continues to grow in the future, 

data-driven approaches will hold increasing potential to 

solve modern hydrological problems. 

    Modelling hydrological extremes 

 IPCC projects an increase in the frequency and intensity of 

extremes in the future (Canadell et al.  2021 ). The frequency 

and spatial extent of droughts and heatwaves in India have 

increased signifi cantly in past decades, primarily driven by 

a mean summer monsoon rainfall decline and rise in tem-

peratures (Mujumdar et al.  2020a ; Nepal et al.  2021 ; Pal 

and Ojha  2021 ; Saha and Sateesh  2022 ; Goyal et al.  2023 ). 

Recent years have seen an emphasis on fl ash droughts, tran-

sition between diff erent types of droughts, and drought indi-

ces (Bhardwaj et al.  2020 ; Shah and Mishra  2020 ; Prajapati 

et al.  2021 ; Rehana and Naidu  2021 ; Das et al.  2022 ,  2023 ; 

Kanthavel et al.  2023 ; Mahto and Mishra  2023 ). Bhardwaj 

et al. ( 2020 ) found that the Indus, Sabarmati, and Godavari 

River basins have higher propagation times for meteorologi-

cal to hydrological droughts. The high (low) development 

rate of hydrological drought is followed by the high (low) 

recovery rate for most of the basins. Much research has also 

been done in modelling fl oods and cloudbursts in recent 

years using data driven approaches, coupling hydrological 

models to a regional climate model like the WRF, semi-dis-

tributed hydrological models like VIC, and various lumped 

and distributed models like GR4J, HBV, SIMHYD, HEC-

RAS 1D and 2D, MIKE HYDRO RIVER, and HEC-HMS 

(Sharma and Mujumdar  2019 ,  2022 ; Chawla and Mujum-

dar  2020 ; Mujumdar et al.  2020a ,  b ; Natarajan and Rad-

hakrishnan  2020 ; Rajulapati et al.  2020 ; Singh et al.  2020c ; 

Agilan et al.  2021 ; Dubey et al.  2021 ; Pathan and Agnihotri 

 2021 ; Samantaray et al.  2021 ; Chaubey et al.  2022 ; Mane 

and Chandrasekar  2022 ; Ruidas et al.  2022 ; Maharana et al. 

 2022 ; Swarnkar and Mujumdar  2023 ; Teja et al.  2023 ). 

    Modelling urban fl oods 

 Urban fl oods have often paralyzed India’s cities for many 

decades (Gupta  2020 ), with incidents in Mumbai (2005), 

Uttarakhand (2013), Chennai (2015), Kerala (2018), Maha-

rashtra (2021), Assam (2022), and Himachal Pradesh (2023) 

being some of the most devastating ones. In response to the 

Chennai fl oods of 2015, which aff ected more than 4 million 

people and caused damage of around USD 2 billion, the 

need for real-time fl ood forecasting was recognized in India. 

This led to the development of the Chennai fl ood warning 

system (C-FLOWS, Fig.  4 ) by a team of 30 scientists from 8 
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Indian institutes/national labs (Ghosh et al.  2019 ). It utilizes 

multiple aspects of fl ood formation like real-time weather 

forecasts/nowcasts, hydrological modelling considering past 

conditions, reservoir operation, water level in the rivers, and 

terrain eff ects, and combines tidal and storm surge modelling 

to deliver fl ood inundation maps for Chennai city with a lead 

time of up to 3 days and fl ood forecasts at 6 hour intervals. 

Increasing the lead time of forecasts is a major challenge in 

this area that needs to be addressed in the future. Similarly, 

an urban fl ood model is also developed for the Bengaluru 

city which utilizes a network of water level sensors, rain-

fall forecasts, and a comprehensive fl ood model to deliver 

an integrated flood mitigation and management system 

(Mujumdar et al.  2021 ; Kaginalkar et al.  2022 ). In recent 

years, multiple techniques ranging from GIS and remote 

sensing, improved Numerical Weather Prediction (NWP), 

hydrological and hydrodynamical modelling, and ML and 

data-driven techniques have been used for fl ood modelling 

and risk mapping (Ghosh et al.  2020 ; Rajulapati et al.  2020 ; 

Tripathy et al.  2020 ; Agilan et al.  2021 ; Sundaram et al. 

 2021 ; Davis et al.  2022 ; Deroliya et al.  2022 ; Joseph et al. 

 2022b ; Karmakar et al.  2022 ; Ramesh and Iqbal  2022 ). Vari-

ous studies have also highlighted the eff ectiveness of green 

spaces and green infrastructure (GI) like green roofs, per-

meable pavements, infi ltration trenches, and bio-retention 

systems in managing fl oods (Avashia and Garg  2020 ; Kadav-

erugu et al.  2021 ; Kumar et al.  2022 ; Borah et al.  2023 ). 

Borah et al. ( 2023 ) compared the eff ectiveness of four GI 

technologies in managing fl ood risk in the Ahmedabad city 

and found permeable pavements as the best GI technique 

having the ability to reduce fl ood volume and area by 23% 

and 1.5%, respectively.         

    Modelling ungauged basins 

 India has a high number of ungauged watersheds. The 

Indian hydrology community has made contributions to 

improve the estimates of runoff from ungauged basins 

(Grover et al.  2020 ; Kanishka and Eldho  2020 ; Natarajan 

and Radhakrishnan  2020 ; Rao  2020 ; Tanksali and Sora-

ganvi  2021 ). These methods involve modelling techniques 

based on regionalization, empirical approaches like SCS-

CN and regional regression, semi-distributed methods like 

unit hydrograph, and physically based methods like rainfall-

runoff  models and distributed hydrograph models, and data 

driven methods. Multiple studies have also applied ML-

based techniques to improve the modelling of ungauged 

basin processes (Deroliya et al.  2022 ; Saha et al.  2022 ; Singh 

et al.  2022a ; Bhasme and Bhatia  2023 ; Roy et al.  2023b ). 

  Fig. 4       Framework developed for Chennai fl ood early warning system (from Ghosh et al.  2019 )  
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Bhasme and Bhatia ( 2023 ) demonstrated the utility of Phys-

ics Informed Machine Learning (PIML) in improving the 

streamfl ow prediction in gauged and ungauged basins. 

    Challenges and way forward 

 In a warming world, understanding the hydrological pro-

cesses for improved hydrological modelling is becoming 

increasingly imperative for informed decision-making 

and judicious water resources management. The last few 

years  saw some landmark developments in hydrology 

research in India. While there have been contributions from 

the hydrology community in studying the variability of land-

surface processes over major gauged and ungauged river 

basins across the country, the application of data-driven 

and ML techniques along with hydrologic modelling has 

also received much attention in recent years. The focus of 

the community is building towards generating climate ser-

vices and tools for climate change adaptation and effi  cient 

water resources management. Recent years also witnessed 

the development of state-of-the-art early warning systems 

for hydrological extremes which need to be implemented 

at a larger scale. However, many challenges still remain 

in hydrology because of our limited understanding of pro-

cesses at varying spatio-temporal scales,  uncertainties in 

modelling, lack of observed data, and uncertainty in climate 

projections. Accurate predictions also require accounting for 

human activities amid climate change and its eff ect on land 

surface processes. At present, data quality, consistency, and 

spatial coverage in India is still an issue for many fi elds like 

snow and glacial hydrology which needs a rigorous expan-

sion of observation networks. Eff orts are needed to develop 

novel data-driven methods for hydrological modelling for 

bridging these gaps to advance hydrology research in India, 

which requires continued interdisciplinary collaboration 

between researchers, policymakers, and stakeholders. 

       Data availability     A data availability statement is not needed for this 

manuscript. All fi gures are either conceptual or are representatives of 

a methodology cited in the text.  
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