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• This system has currently been developed for 380 hydrometric stations across the provinces of Semnan, Tehran, 

Alborz, Gilan, Mazandaran, Zanjan, Sanandaj, Ardabil, East Azerbaijan, and West Azerbaijan, with development 

ongoing for the remaining regions of the country.

• In this model, data from 200 synoptic and climatological stations, the geometric characteristics of the region, and 

dam operation information were utilized.

• To forecast flood warnings over a 10-day horizon, three models—GFS, GEM, and ICON—were employed 

in this system.

• By incorporating a management and crisis system (international internet disconnection), which is the primary challenge 

in system operation, along with the use of synoptic station data, pre-stored statistical data from forecast models for the 

next 15 days (received and stored every 5 days), as well as the behavior of precipitation events in preceding days 

through statistical analysis and artificial intelligence, this system remains operational.

System Overview and Operational Framework

• The flow simulation period is from 1990 to 2020.



General Architecture of the Flood Warning System



SWOT Analysis

STRENGTHS

Fast execution and offline model 
operation

WEAKNESSES

Requires detailed watershed 
information

Use of AI and available watershed 
data 

OPPORTUNITIES

THREATS 
Internet disconnection and IP 

changes of NWP model servers
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❑Sub-basins

❑River Network

❑Vegetation Cover and Land Use

❑Soil Hydrologic Group

❑Dam Information and Location

❑Synoptic Station Information

❑Hydrometric Station Information

Watershed Characteristics



Overview of Recorded Data Status at Meteorological Stations

Station Type
Data Recording 

Method
Recording Time Recording Accuracy

Usability in Forecast 
Mode

Synoptic

Automatic 6 UTC Suitable

Available

Automatic 18 UTC Degraded

Rain Gauge Traditional 15 UTC Unsuitable
Requires synchronization 

for daily recording

Climatology

Traditional 15 UTC Unsuitable

Automatic 6 UTC Suitable



▸LSTM-Based Streamflow Simulation Using Watershed

Hydrological Modeling Using LSTM



Generating land use layers (1990–
2025) using Google Earth Engine

Using data from 380 hydrometric 
stations and 200 synoptic and 
climatological stations

Using the geometric and operation 
information of dams

Simulation Discharge 
(LSTM+XGBoost)

Evaluation of ensemble/hybrid 
models and various datasets, running 
the system offline (without internet 
access) using information from radar, 
stations, and downloaded statistical 
forecast data for the next 15 days
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Value Model 

Performance 

NSE=1, R2=1 Perfect

0.75≤NSE<1

0.75≤R2<1

Excellent 

0.5≤NSE<0.75

0.5≤R2<0.75

Good

0≤NSE<0.5

0≤R2<0.5

Acceptable 

NSE<0

R2<0

Poor



Results of Each Model Alone for Hydrograph Extraction at Solghan Hydrometric Station

LSTM

Ga

RF

XGBOOST



Evaluation of the Hybrid LSTM + XGBOOST Model at Solghan Hydrometric Station

Model NSE R² RMSE

LSTM 0.40 0.55 3.49

GA 0.34 0.48 3.87

RF 0.41 0.59 3.42

XBOOST 0.72 0.83 1.15

LSTM + 
XBOOST

0.83 0.9 0.7





توسعه مدل پیش بینی سیلاب با رویکرد
یادگیری ماشین
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Ensemble 
(KNN or 

RF)

SVM

KNN

MLP

Decision Tree

Random Forest

Streamflow 
Forecast

جمع آوری داده های بارش از ایستگاه های ✓
هواشناسی و ماهواره

جمع آوری داده های دبی روزانه ایستگاه های ✓
هیدرومتری

فاده از با است( بارش)تکمیل داده های هواشناسی ✓
وزنی ضرایب همبستگیروش 

سازی انتخاب بهترین مجموعه پارامتر برای مدل✓
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