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Study Background

* Soil Erosion and Sediment Export are major watershed concerns
* Runoff plays a Central Role in Sediment transport

* Watersheds respond differently to similar Rainfall Inputs

* BMPs are widely adopted to reduce Sediment Losses

* Extreme Events often contribute disproportionately to Sediment
Export

* Hence, the need to understand how runoff and sediment responses
are linked across different hydrological conditions
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Rationale of Study

* Traditional BMP evaluation focuses on:
* Average runoff reduction
* Average sediment reduction

* However,

 How watersheds respond during extreme runoff events?

* How frequently do high runoff and high sediment events occur simultaneously?
* Which watersheds remain vulnerable despite available BMPs?

SWAT-generated runoff and sediment outputs can be useful to investigate

runoff-sediment connections beyond conventional assessments of average
runoff or sediment yield.
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Study Objectives

e Simulate runoff and sediment yield using SWAT for micro-watersheds
with different BMP implementations

 |dentify and quantify the coincidence of high runoff coefficient and
high sediment yield events at multiple percentile thresholds.

* Assess watershed sensitivity using threshold-based coincidence
analysis.
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Study Area and BMP treatment

* Upper Patiala Ki Rao watershed, _
Northern India (Area=1496 ha) Area in hectare
, _ _ @, wpe  woe  woe ave MWI =15, MW2 = 12, MW3 = 11, MW4 =
* 80% rains received during the monsoon ] — N]| 36
season (July-September months) E > India A
* Slope varies from moderate to steep -
El S’ : 3
* Itis a non-arable rangeland watershed 81
* The soils are light-textured and erodible. 3 ,
* 3 out of 4 nested micro-watersheds 3 '
within sub watershed are with BMP B
treatment gq o 7 y  Study Area
£l 5 4 \[ SUBWATERSHED_NAME
Watershed | BMP’s - AR -
3 Y ”A-( ‘ A m
MW1 Check Dam, Vegetation, Fencing f % e f. e o]
'84 Al : 3::«;« al Station
MW?2 Vegetation, Fencing o .. =
8 | wor———ms ‘ .
MW3 Fencing 7I0E 74'0€ 7S°0E T60E TTOE THOE Study Area(Source. Wa||a
MW4 Nil et al., 2023)
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BMP treatment in Micro-watersheds

Field photographs a), b) & ¢) Bared hills and d) deposition Check Dam at MW1 (Source: Walia et al., 2023)
of sand on stream bed (Source: Walia et al., 2020)
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Methodology

PART A. SWAT APPLICATION ON WATERSHED

v Simulates watershed
hydrology

v Estimates flow and
sediment yield

v Provides time-series
data for analysis

6/29/2026

o Input Data (Rainfall and Watershed Data)
| Rainfall (time series) i
« DEM
vy d ¢ « Land Use
A - Soil
| = Other Data (Slope, etc.)
v

Watershed Delineation
in SWAT

* Delineate Sub-watersheds
* Define stream network
* Create HRUs

SWAT Model Setup
~af> ¢ « Define inputs and parameters
+ Set simulation period
* Select outputs
v

Model Calibration
and Validation
* Calibrate model
with observed data
« Validate model performance

i v
e SWAT Simulation (Run Model)
Run the calibrated model
Q for the study period
v
0 SWAT Outputs (Direct Outputs)
Runoff (Q) Sediment Load (SY)
(e.g., mm or m?/s) (e.g., ton/day)

[-=—— -]

v

Computation Outside SWAT ( Link between Part A and Part B)

& — D — A

Rainfall (P) Sediment Yield (SY)
(Input) Runoff Coefficient (RC) (t/ha or ton/day)

OUTPUTS TO PART B

PART B. DETERMINING COINCIDENCE EVENTS

Inputs from Part A

Time series of:
* Runoff Coefficient (RC)
* Sediment Yield (SY)

v

i Define Percentile Thresholds
H Select percentiles for analysis
A GO U (I
IlI I|| (10%] (25% | [50% | (70% ) (80%) (90%
v

Determine Threshold Values

Compute threshold values for
RC and SY at each percentile

Identify High RC Events

Events where
RC > RC Threshold

v
e / "\ Identify High SY Events
\‘l A" Events where
T SY > SY Threshold
v

x Determine Coincident Events
High Events where
RC High RC AND High SY

occur on the same day / event

Compute Coincidence Proportion

Coincidence Proportion =
Number of Coincident Events

Total Number of Events

v
Repeat for All Thresholds and
All Sub-watersheds

Perform steps 2-7 for each percentile
threshold and for all sub-watersheds
(e.g., W1, W2, W3, W4)

v

vs. percentile threshold (X-axis)
for each sub-watershed

v
Compare and Interpret Results

Compare sub-watersheds to assess
sediment sensitivity and evaluate

=3
8
s
Plot Coincidence Curves
. Plot coincidence proportion (Y-axis)
T
T

e 06 O ©

BMP performance
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Part B

V' ldentifies simultaneous
extreme events

v/ Evaluates runoff
coefficient, sediment
yield relationships

v Assesses MWs
response under extreme
conditions




Objective 1: SWAT Model set up

* Land Use classes: Water, forest,
Agriculture land, Range brush, Urban
medium, Urban transport

* Soil Values: Sandy loam, clay loam,

silty clay = e
* Slope:0-5, 5-20, 20-35, 35-45, and 45- | ..« =

e Total HRU: 182
* Warm-up period: 2004-2006
 Calibration period:2007-2011

* Validation period:2012-2015

* Time scale of simulation: Monthly
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Objective 2: Coincidence Analysis

. Assessir]F how runoff-sediment yield relationships evolve at different
percentile thresholds for 4 micro-watersheds

 Thresholds selected varied from low thresholds (10-25%) to high
thresholds (80-95%)

* It is expected that as thresholds increase, coincidence should typically
decrease.

* Coincidence Proportion (or probability) at a given threshold (T) defined by:

_ N(RC>T 1 Sediment Yield>T
- N

where: RC > T: runoff coefficient exceeds threshold T; Sediment yield >T: sediment
yield exceeds threshold; N: number of Events
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Coincident Proportions

6/29/2026

Coincidence decreased with increasing

1.0

. . Micro-watersheds
threshold in all micro-watersheds. o MWL
Watershed MW3 exhibited the highest . .
coincidence under common conditions | —o— MW4
(88.9%). 5
Watersheds MW2 and MW3 maintained 30-6-
coincidence even at the 95th percentile a
(11.1%)

2 0.4
Watershed MW1 showed no coincidence §
beyond the 50th percentile v
Watershed MW3 shows the sharpest initial 927
decline between the 10th and 25th °
percentile thresholds.

00 10th 25th 50th 75th 95th
Percentile Threshold
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Objective 3: Threshold-Based Watershed
Sensitivity Assessment

* Measure of susceptibility of a watershed to exhibit runoff-sediment
coupling across different threshold conditions
* Average Coincidence: To measure the overall level of sensitivity
» Area under the Coincidence Curve(AUCC): To measure the cumulative
sensitivity
» Slope Analysis: To measure the threshold sensitivity of runoff-sediment yield
coupling
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Average Coincidence

o
o

o
<)

s MW3>MW2>MW4>MW1

* MW3 demonstrated the greatest
sensitivity of sediment export to runoff
response across the range of threshold
conditions examined.

Coincidence Proportion
o
S

I
[N

* MW4 exhibits moderate sensitivity, with
runoff controlling sediment export
under most conditions but not
consistently during extreme events.

* MW1 exhibits the weakest runoff—
sediment coupling, suggesting reduced
sediment response to increasing runoff
severity.

Micro-watersheds
-8 MW1
MW?2
- MW3
-o— MW4

10th

<
<
N

<
5

MWwW2

Micro-watersheds

MW1

0

25th

0.05
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Area Under Coincidence Curves(AUCC)

MW AUCC
MW1 23.04
MW2 26.11
MW3 27.48
MW4 25.00

1Ly

0.8 4 J
& =
= =]
£ =
(=] [=1
506 8
& &
W ar
L ¥) (¥
c c
£ 04 3 1
w L
= =
£ =
U o

0.2 4

0.0 v T : - . :

Threshold Percentile Threshold Percentile
4 MW3 MW4

_08{ '\ =
o A =
5 £
(<]
8 06 \ g
& a
g g
$ 04 Y —— $-
o — o
(] o

0.2 \*\\ .

r—=>P
0.0 T + - ' . - - . - - . . - - ' . - v
10 20 30 40 50 60 70 80 90 10 20 30 40 50 60 70 80 90
Threshold Percentile Threshold Percentile
b/ 429/ 2020 2UZb International SVWAI Lonterence, Inessaloniki, areece

Sensitivity: MW3 > MW2 >

MWwW4 > MW1

16




Threshold-wise Contribution to AUCC

Threshold-wise Contribution to AUCC

40
2 10- 25— 50- 75—
2 o " 35 MW | 25 so0 | 75 | 95 |AYCC
30 R MW1 9.16 9.71 4.16 0.00 | 23.04
o % 15.9 8.5 259;3 MW2 | 10.00| 9.72| 4.16| 2.22| 26.11
& S |MW3 | 999| 9.71| 555| 2.22| 27.48
§ g . 20 é MW4 | 10.00 9.72 4.16 1.11 | 25.00
= ' -15 8
10  The 10-25 and 25-50 percentile
< intervals contribute the largest share of
§ 16.6 4.4 -5 AUCC
. | " * The relative contribution of extreme-
10-25 7550 50-75 75.95 threshold conditions to total coincidence
Sensitivity on basis of % contribution during extreme persistence is 0 % in MW1.

percentile: MW2 > MW3 > MW4 > MW1
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Slope change at various thresholds

The runoff-sediment MW1and MW3 are  As severe conditions, ~Coincidence persistence  Extreme-event

linkage weakens most  stable, whereas Mw2 MW1 begins to lose remains stronger in , coincidence persists
rapidly in MW3 at and MW4 lose runoff-sediment MW2 and MW4, while in MW1-MW3 at this
lower threshold levels  coincidence more coupling faster than MW,l and MW3 stage, whereas MW4
rapidly the other watersheds. CO”’U“U? to lose experiences a further
connection reduction.
10-25 Percentile 25-50 Percentile 50-70 Percentile 70-80 Percentile 80-95 Percentile

0.005

0.000

-0.006 -0.006 -0.006

-0.005

-0.004 -0.004

|
b
o
b=
=)

-0.011

-0.011
-0.013 -0.013

—=0.015 A
-0.015

-0.015

—0.020 A

Decay Rate (Slope)

0.022
—0.025 A

—-0.030 A

-0.030

—0.035 A

Decay of slopes at various thresholds quantifies how rapidly runoff-sediment coincidence decreases
as the threshold increases (Sensitivity: MW3 (0.051) > MW1 (0.048) > MW4(0.0449) > MW2(0.0332)
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Key Takeaways

* MW1-MW3 (BMP watersheds) and MW4 (non-BMP watershed)
exhibited distinct runoff-sediment coincidence patterns.

* BMP implementation did not produce a uniform response across treated
watersheds.

* MW1 aoi)pears best managed as runoff events are least likely to translate
into sediment transport.

e MW2 showed the most stable runoff-sediment coincidence across
thresholds

* High runoff conditions are more consistently associated with high
sediment yield conditions in MW3 than in the other micro-watersheds.

* MW4 yields high sediment magnitude but runoff-sediment yield coupling
iS poor.
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Conclusions

e SWAT successfully simulated runoff and sediment dynamics
* Coincidence analysis quantified runoff—-sediment coupling
* BMP watersheds did not behave identically

* The untreated watershed was not always the most sensitive
* BMP implementation alone did not determine runoff-sediment behavior.
e Other physiographic parameters also need attention

* Coincidence analysis provides information that traditional sediment-
vield comparisons alone cannot provide
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Thank you
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Runoff measurement devices /arrangements at MW1 and MW2
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