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3. RESULTS

• Potential evapotranspiration (PET) represents the atmospheric water demand at a specific place and time 
and is difficult to estimate. PET encompasses the effects of air temperature, wind speed, relative humidity 
and net radiation at the surface. Actual evapotranspiration (AET) denotes the amount of ET occurring at the 
surface [1]

• Point scale estimation methods of AET include lysimeter, eddy covariance and water balance approaches 
[2,3]. Scaling up local estimates of AET to the catchment scale is crucial for water resource management 
but is quite challenging

• Area-based methods rely on surface energy balance (SEB), such as SEBAL, METRIC, SSEBop, all of which 
use satellite imagery as the primary forcing data and can facilitate catchment scale analyses, especially in 
data scarce regions [4]

The Gundar River Basin (GRB), covering 5690km² in Tamil Nadu, India, is a major watershed fed primarily by 
the northeast monsoon. It is home to nearly two million people across five districts, semi-arid, and is a data-
scarce region. It is characterized by centuries-old cascading storage tanks, perennial irrigation, and extensive 
swathes of Prosopis juliflora (mesquite), an invasive species that depletes groundwater and moisture. These 
factors give rise to a complex and uncertain hydrological system, strongly dependent on monsoon rainfall and 
surface interactions [5]

Objectives: 
- To characterize the variability of AET between summer and northeast monsoon (NEM) for the years 2006, 

2014 and 2021 using Landsat imagery and investigate the corresponding impacts on AET estimates 
obtained using SEBAL as a function of seasonal land cover change.

- Perform intermodel comparison of AET estimates using SEBAL and METRIC for various land cover classes.
- Estimate net water transport to atmosphere (water outflux) combining land cover and AET maps.

2. METHODS

• Preprocessing : Cloud and shadow masks were derived from the QA band; areas >200 m (Aster GDEM) and 
built-up regions (ESA WorldCover) were excluded 

• Supervised classification + Accuracy assessment + Change detection: 
a. Used Random Forest (RF) in Google Earth Engine with 7 distinct land cover classes (Table 2). 

Parameters ntree (number of trees) and mtry (variables split at each node) were set to 100 and 3 [6]. 
b. Reference polygons were created across the study area using: TCCs and FCCs, google earth and 

photographs from the field visit
c. 1000 points were chosen overall, and a 70-30 train-test split was followed. Landsat MS data bands and 

Aster DEM were used to train the classifier
d. Accuracy assessment :Overall accuracy (OA), User’s accuracy (UA) and Producer’s accuracy (PA) 
e. Change detection within the year is performed by estimating the change in the percentage of area 

encompassed by the land cover class in relation to all other classes

Datasets: 
Weather forcing data :
• GLDAS Noah Land Surface Model L4 

3-hourly 0.25° × 0.25° V2.1 
(GLDAS_NOAH025_3H)

• In-situ weather data 
Gridded data:
• Landsat 4-5TM, Landsat 8-9 OLI/TIRS 

(143,53) (Table 1)
• Aster GDEM 30m
• ESA WorldCover 10m 2020 v100

Rn is incoming net radiation, G is soil heat flux and H is 
sensible heat flux, λET is latent heat of evapotranspiration
• AET was estimated using pySEBAL, an open-source 

Python version of SEBAL (IHE Delft). Salient features 
include local weather data integration and automated 
anchor pixel selection using NDVI and surface 
temperature [7,8]

• An intermodel comparison is performed with EEFlux, 
developed using METRIC (Mapping 
Evapotranspiration at high Resolution with 
Internalized Calibration) forced with CFSv2 data. 
While both share foundational principles, METRIC 
differs from SEBAL in specific parameterizations 
[9,10]

• r and RMSE are computed using land cover classes 
as comparison units

𝜆𝐸𝑇 =  𝑅𝑛  −  𝐺 −  𝐻 (4) 

 

3.1 Land cover classification and seasonal change detection

Image acquisition date & 
season

Cloud 
cover 

Satellite

April 06, 2006 (Summer) 5% Landsat 5

Dec 15, 2006  (NEM) 13% Landsat 5

April 09, 2014 (Summer) 4% Landsat 8

Jan 06 , 2015 (NEM) 18% Landsat 8

Apr 28, 2021(Summer) 10% Landsat 8

Dec 24, 2021(NEM) 2% Landsat 8

3.2 Inter-season Comparison of Evapotranspiration Estimates Using SEBAL and EEFlux

3.3 Water Outflux Estimation from AET

Class Description

Water (W) Water bodies – lakes + deep tanks 

Exposed soil (ES) Inactive cropland (dry soil) that could 
transition into active cropland

Barren land (BL) Dry soil with minimal presence of 
prosopis and other dry vegetation

Agricultural 
cropland (AG)

Active cropland with green vegetation

Agricultural bare 
land (ABL)

Tilled, ploughed or harvested land

Prosopis (PS) Prosopis juliflora vegetation

Turbid water (TW) Turbid water bodies - tanks

• Increased 
agricultural activity 
coincides with a 
reduction in 
exposed soil area 
during the monsoon

• Water bodies fill up in 
monsoon

• Overall accuracy > 
85% across all 
scenarios -  RF 
works, though 
spectral overlap is a 
concern 

• Increased cloud 
cover hampers 
thorough analysis in 
2014

SUMMER MONSOON

Year – 
Season

Average 
PET 

(mm/day)

Average r Average 
RMSE

(mm/day)

2006 
Summer

6.29 0.82 1.30

2006 
Monsoon

4.31 0.45 0.84

2014 
Summer

6.70 0.76 1.30

2014 
Monsoon

5.17 0.53 0.89

2021 
Summer

6.76 0.78 1.03

2021 
Monsoon

4.69 0.47 0.78

2006

2014

2021
Figure 1. Study area map and DEM of the Upper Gundar River Basin 

Table 1. Images used in the analysis

Figure 2. Processing workflow – Land cover analysis 

Table 2. Land cover classes used in the study

Figure 3. Workflow - Intermodel comparison of AET estimates

Figure 5. Interseason AET comparisons across land cover classes using pySEBAL (blue) and EEFlux (orange) estimates

Figure 4. Land cover maps and plots depicting seasonal change in area covered by land cover classes for all scenarios

Table 3. Statistics are averaged by year and season. 
PET (Penman Montieth) uses nearby station averages, 
while r and RMSE are averaged across land cover 
classes

Figure 6. AET maps obtained using pySEBAL across all scenarios
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• AET medians (means similar) are higher in vegetation than non-
vegetation classes and exposed soil class usually has the lowest 
AET value consistent with class definitions

• Within a year, a decrease in linear relationship (r) but higher 
proximity (RMSE) between datasets is observed (Table 3)

• Exposed soil has the least variability (RMSE) while prosopis exhibits 
the highest variability between the two datasets

Classes containing dense vegetation (AG 
and PS) demonstrate comparative AET 
values with respect to PET. Though not a 
direct comparison this demonstrates the 
usefulness of the estimates from pySEBAL

Concurrent decrease in exposed soil class & increase in cropland is observed in 2021 and 
almost in 2006, similar ranges for prosopis observed in all monsoons chosen in the study 

Figure 7. Average water outflux in 
(MCM/day) across all scenarios 
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• Applicability of SEBAL is explored in this region and its ability 
to distinguish between land cover classes is demonstrated, 
is consistent with previous studies

• Sensible heat flux (H) leads to the most uncertainty and 
cloud cover hampers anchor pixel selection

• RF detects seasonal patterns observed in the study area
• Future work could involve in-situ validation with 

lysimeters/flux towers, usage of high-resolution imagery to 
support land cover classification, comparison with other 
SEB models and implementation using other satellites like 
Sentinel-2 with shorter revisit times
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Study area: Upper Gundar River Basin 
❖ Upper part of the GRB covering 2640km2

❖ Altitude between 19 and 1184m mountain peaks in the north

We define water outflux as the product of land cover area pertaining to a class and the mean AET to quantify 
net atmospheric water transfer, at the catchment scale. A combined cloud and shadow mask from all the six 
images was used to ensure a consistent area for analysis. 

4. CONCLUSIONS

1. INTRODUCTION

2.1 Land cover classification and seasonal change detection 

2.2 AET estimation and intermodel comparison

2.3 Average water outflux estimation 
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