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Extended Abstract
Introduction: Hydrological modeling is an essential tool in water resources management, and its accuracy and
reliability are critical to successful design, planning, and decision-making processes. Calibration and validation
are two essential processes used to evaluate the performance of hydrological models. The warm-up period is a
crucial component of hydrological modeling that allows the model to reach an equilibrium state by representing
the initial system conditions accurately. This study aimed to investigate the impact of the length of the warm-up
period on the performance of four different hydrological models, namely AWBM, Sacramento, SimHyd, and
TANK, in the Kashkan watershed. The study used different optimization methods in the RRL software package
during the calibration and validation periods. The proposed warm-up periods of 5%, 7%, and 10% of the initial
data length were used without considering drought and wet conditions. The findings of this study provide valuable
insights into the impact of the warm-up period on hydrological modeling performance. The study showed that the
length of the warm-up period does have a significant impact on model performance, with the best results obtained
when the warm-up period was set to 5% or 7% of the initial data length. These findings have important implications
for the design and implementation of hydrological models, as they highlight the importance of carefully selecting
the warm-up period length to ensure accurate and reliable modeling results. Overall, this study adds to the body of
knowledge on hydrological modeling and provides useful guidance for future research and practical applications.
Materials and methods: The Kashkan River watershed, with an area of over 9,000 hectares, was selected as the
study area for this research. The Kashkan River is an important sub-watershed of the Karkheh River watershed,
and daily rainfall, potential evapotranspiration, and potential evapotranspiration for the Kashkan watershed were
used in this study, with a statistical period of 29 years (1988-2018). Since the rainfall-runoff process was
investigated for the entire watershed, the Thiessen polygon method was used to obtain the weighted average of
rainfall and evapotranspiration for the entire study area. Additionally, the Hargreaves-Samani (H-S) method was
used to obtain potential evapotranspiration data.
The data used in this study were divided into two parts, training and testing, based on trial and error and a review
of sources. The training data accounted for 70% of the total data, while the remaining 30% was used for testing.
The AWBM, Sacramento, SimHyd, and TANK models in the RRL software package were investigated, along
with seven optimization methods using the Nash-Sutcliffe objective function.
The findings of this study provide insights into the application of different hydrological models and optimization
methods in the Kashkan River watershed. The study highlights the importance of accurately representing initial
system conditions during modeling and the impact of the length of the warm-up period on model performance.
These findings have important implications for water resource management, particularly in the design and
implementation of hydrological models for the Kashkan River watershed and other similar regions.
Results and Discussion: This study examined the influence of different durations for the warm-up period on the
calibration and validation of RRL software package models. Seven optimization methods and the Nash-Sutcliffe
criterion were utilized in the analysis. Specifically, the warm-up phase of the software, which constitutes the initial
segment of the statistical period, was investigated during the calibration and validation processes. Durations of
5%, 7%, and 10% were selected from the onset of the statistical period. The study involved conducting over 4000
iterations for all the examined models and optimizers. Given the characteristics of the optimizers, up to 5 iterations
were performed for each optimizer in each model. The resulting average NSE value (Nash-Sutcliffe Efficiency)
was analyzed and examined. The findings indicate that, on average, configuring the warm-up period to account
for 5% and 7% of the complete dataset in the calibration and validation processes enhances the efficiency of the
model compared to the recommended period suggested by the software. However, it is important to note that the
outcomes may vary depending on the specific problem and prevailing conditions. Therefore, these results should
be interpreted cautiously and in conjunction with other factors. Overall, this study offers a practical guideline for
selecting an appropriate warm-up duration in the calibration and validation of RRL software package models.
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Table 2- The results of NSE values in different Warm-Ups in models with RRL software package optimizers

Genetic Algorithm

oo Verification i Lzel-Calibration
oS e 5-Warm-Up
10% 7% 5% 1.2% 10% 7% 5% 1.2%
Jue -Model
0.144 0134 0.121 0.077 0.345 0.335 0.349 0.301 AWBM
0.141 0.126 0.128 0.201 0.072 0.017 0.038 0.095 Sacromento
0.424 0.460 0.426 0.455 0.463 0.475 0.459 0.458 SimHyd
0.045 0.172 -0.050 -0.093 0.353 0.376 0.338 0.348 TANK
Pattern Search Multi-Start
oo Verification i Lzel-Calibration
a5 e 5-Warm-Up
10% 7% 5% 1.2% 10% 7% 5% 1.2%
Juw -Model
0.154 0.154 0.137 0.105 0.317 0.305 0.332 0.283 AWBM
0.240 0.246 0.242 0.162 0.303 0.337 0.348 0.287 Sacromento
0.512 0526 0.476 0.499 0.554 0.555 0.527 0.524 SimHyd
0.270 -0.153 -0.288 0.058 0.360 0.360 0.364 0.354 TANK
Uniform Random Sampling
oo Verification =i, Lze-Calibration
oo p5-Warm-Up
10% 7% 5% 1.2% 10% 7% 5% 1.2%
Jow -Model
-0.036 0.069 -0.040 0.042 0.036 -0.045 -0.081 0.024 AWBM
-1.264 -0.519 -0.965 -0.905 -2.263 -0.798 -1.489 -1.314 Sacromento
-4.102 -1.814 -2.337 -1.087 -4.273 -2.052 -2.637 -1.540 SimHyd
-0.480 -0.087 -0.126 -0.391 -0.376 -0.039 -0.086 -0.381 TANK

sl i G g (mily 0,90 90 12 40 (G, Sk g ole Hlez) 0,90 slaml w0 VY Jlade 4> ol 6l RRL j131e 5 golpainy laiaes

RRL 5800 5 ai sl jloage b b Jow o calie slWarm-Up ,o NSE jolie zls (Y) Jgaz aslsl

Rosenbrock Multi Start Optimiser

oo Verification i Lze-Calibration
oo pS-Warm-Up
10% 7% 5% 1.2% 10% 7% 5% 1.2%

Juw -Model
0.127  0.171  0.083 0.112 0220 0.238  0.243 0.223 AWBM
-1.199  -1.629 -0.360 -2.595 -1.268 -1.955 -0.607 -2.105 Sacromento
-0.384 -0.416 -0.518 0.022 -0.845 -0.665 -0.805 -0.188 SimHyd
-1429  -1.990 -0.932 -1.025 -0.963 -1.141 -0.381 -0.504 TANK
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Rosenbrock Single Start

oo Verification

sz Lzel-Calibration

0955 p5-Warm-Up

10% 7% 5% 1.2% 10% 7% 5% 1.2% Joe ~Model
0.158  0.184  0.145 0.125 0352 0339 0355 0.331 AWBM
0.130 0.108 0.078 0.096 0.129 0116 0.046 0.152 Sacromento
0.420 0.432 0.544 0.461 0535 0.399  0.572 0.557 SimHyd
0.233  0.177  0.068 0.054 0.345 0330 0.327 0.324 TANK

SCE-UA
oo Verification o Lzel-Calibration
095 p5-Warm-Up

10% 7% 5% 1.2% 10% 7% 5% 1.2% Jow ~Model
0.174  0.164 0.136 0.122 0289 0335 0.336 0.279 AWBM
-0.053 0.064  0.013 -0.121 -0.513 -0.199 -0.234 -0.378 Sacromento
-0.821  0.073  0.178 -0.512 -0.918 -0.077  -0.053 -0.747 SimHyd
0.146  0.171  0.093 0.071 0292 0376 0.374 0.230 TANK

Pattern Search
mcoo-Verification sz Lze-Calibration
o955 p5-Warm-Up

10% 7% 5% 1.2% 10% 7% 5% 1.2% Jow -Model
0.147 0.146 0.121 0.113 0332 0323 0.360 0.320 AWBM
0.238 0.216  0.216 0.213 0.345 0311  0.306 0.275 Sacromento
0.455  0.412  0.522 0.428 0516  0.444  0.552 0.489 SimHyd
0.179 0280 0.127 0.104 0.355 0.406  0.403 0.323 TANK
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Figure 2-Graph of NSE values based on Warm-up, model and optimizer
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