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INTRODUCTION

The Eastern Black Sea region of Turkiye 1s highly prone to heavy rainfall events due to its complex topography and the moist air
inflow from the Black Sea. During the summer months, the jet stream tends to shift towards northern latitudes over Europe,
allowing upper-level troughs to more frequently influence the northern parts of Tirkiye. On 3 June 2025, a severe rainfall event
impacted the provinces of Ordu, Giresun, Trabzon, and Rize, causing floods and seriously affecting daily life.

In this case study, different ECMWF forecast products—the Integrated Forecasting System (IFS), the Artificial Intelligence
Forecasting System (AIFS), the Ensemble Prediction System (EPS), and the Extreme Forecast Index (EFI)—were evaluated at lead
times of 24, 48, and 72 hours. These products were used in an integrated manner by the Turkish State Meteorological Service
(TSMYS) to predict the event and to provide timely early warnings.

By comparing model outputs with observational data from meteorological stations, this study highlights the strengths and
limitations of each forecasting system and provides valuable insights into their performance.

MATERIAL AND METHOD

The EPS run nitialized 1 June 2025 (T+72) predicted probabilities of precipitation exceeding 20 mm at 77.5% for the Ordu area,
80.5% for the Giresun area, 24.0% for the Trabzon area, and 31.5% for the Rize area for 3 June 2025 (Figure 5.a).

The EPS run initialized 2 June 2025 (T+48) predicted probabilities of precipitation exceeding 20 mm at 78% for the Ordu area, 64%
for the Giresun area, 33% for the Trabzon area, and 39% for the Rize area for 3 June 2025 (Figure 5.b).

The EPS run initialized 3 June 2025 (T+24) predicted probabilities of precipitation exceeding 20 mm at 87% for the Ordu area,
96.5% for the Giresun area, 43.5% for the Trabzon area, and 61% for the Rize area for 3 June 2025 (Figure 5.c).

Precipitation observations from TSMS stations in Ordu, Giresun, Trabzon, and Rize were compared with ECMWF forecasts. — =g — R — g
Deterministic (IFS), ensemble (EPS), Al-based (AIFS), and risk-based (EFI) products were analysed for T+24, T+48, and T+72 : KA N [l el . o\
lead times. Model outputs were verified against station data to assess forecast accuracy in terms of precipitation amount, timing, el | -°

and spatial distribution.

SYNOPTIC CHARTS

On the surface chart, a 1024 hPa high pressure centre is located over the Mediterranean Sea, and its ridge extends northward to

Russia. Over Kazakhstan, there is a low pressure centre, and its cold front reaches the Caucasus. At one synoptic station in the

Eastern Black Sea region of Tiirkiye, the observations were: temperature 18 °C, wet-bulb temperature 14 °C, pressure 1017.5 hPa, = ‘ , o — ol , , n. M ,
pressurce tendency decreased by 0.8 hPa in the last 3 hOU.I'S, cloud cover 7/ 8, and cloud type low-level stratocumulus. (Figure la) Figure 5.a: 01.06.2025 00.00 UTC EPS T+72 (03.06.2025 00.00- 04.06.2025 00.00 UTC) Figure 5.b: 02.06.2025 00.00 UTC EPS T+48 (03.06.2025 00.00- 04.06.2025 00.00 UTC) Figure 5.c: 03.06.2025 00.00 UTC EPS T+24 (03.06.2025 00.00- 04.06.2025 00.00 UTC)
At the 850 hPa level, the map shows high geopotential height over Italy and the Balkans, with a value of 156 dam and a

temperature of 15 °C, influencing the western part of Tiirkiye. Over Russia, the map shows low geopotential height with a value of

138 dam and a temperature of 5 °C. In the Eastern Black Sea region of Tiirkiye, the map shows conditions on the 153 dam . EBFL |

geopotential height contour and within the 10—12.5 °C isotherms, with northerly winds moving from the Black Sea. (Figure 1.b)

At the 500 hPa level, the map shows an upper-level low over Russia, with a geopotential height of 552 dam and cold air of -20 °C.
The map also shows a shortwave trough affecting the northeastern parts of Tiirkiye, characterized by a geopotential height of 576
dam and a temperature of -15 °C. (Figure 1.c)

The EFI run 1nitialized 1 June 2025 (T+48) predicted values of approximately 0.8 in the Ordu area, 0.8 in the Giresun area, 0.5 in the
Trabzon area, and 0.7 in the Rize area for 3 June 2025 (Figure 6.a).

The EFI run 1nitialized 2 June 2025 (T+48) predicted values of approximately 0.8 in the Ordu area, 0.8 in the Giresun area, 0.6 in the
Trabzon area, and 0.7 in the Rize area for 3 June 2025 (Figure 6.b).
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My s The EFI run initialized 3 June 2025 (T+48) predicted values of approximately 0.9 in the Ordu area, 0.9 in the Giresun area, 0.8 in the

Trabzon area, and 0.8 in the Rize area for 3 June 2025 (Figure 6.c).
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Figure 1.a:03.06.2025 00.00 UTC Surface MSLP, Meteorological Station, Wind Figure 1.b: 03.06.2025 00.00 UTC 850 hPa Geopotantial, Temperature, Wind Figure 1.c: 03.06.2025 00.00 UTC 500 hPa Geopotantial, Temperature, Wind

RADAR AND SATELLITE IMAGES
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Figure 6.a: 01.06.2025 00.00 UTC EFI T+72 (03.06.2025 00.00- 04.06.2025 00.00 UTC) Figure 6.b: 02.06.2025 00.00 UTC EFI T+48 (03.06.2025 00.00- 04.06.2025 00.00 UTC) Figure 6.c: 03.06.2025 00.00 UTC EFI T+24 (03.06.2025 00.00- 04.06.2025 00.00 UTC)
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Figure 8: Observed precipitation amounts at TSMS stations on 3 June 2025

Figure 2.a: Radar Images (MAX) Figure 2.b: Satellite Images (IRCOL)
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ECMWF PRODUCTS
. IFS

The IFS run initialized 1 June 2025 (T+72) predicted 35.7 mm of precipitation in the Ordu area, 37.2 mm in the Giresun area, and
16.5 mm 1n both the Trabzon and Rize areas for 3 June 2025 (Figure 3.a)

The IFS run initialized 2 June 2025 (T+48) predicted 30.0 mm of precipitation in the Ordu area, 27.6 mm in the Giresun area, 29.8
mm in the Trabzon area, and 27.1 mm 1in the Rize area for 3 June 2025. (Figure 3.b)

| Figure 9: Impacts of the heavy ramfall event in Trabzon, where flooding resulted in one fatality. |

CONCLUSION AND DISCUSSION

On 3 June 2025, severe rainfall in the Eastern Black Sea region of Tiirkiye caused floods, landslides, and overflows in several

provinces. In particular, one person died due to flooding in the city center of Trabzon.

The surface chart indicated that the cold front extending from Kazakhstan to the Caucasus could influence the Eastern Black Sea
region. This was supported by synoptic station observations and satellite data. At the 850 hPa level, northerly winds transported

8 e e e X QL |[free? Yy . - moisture from the Black Sea, contributing to rainfall formation. At the 500 hPa level, a shortwave trough and a -15 °C cold-core low,

] |8 " together with cyclonic wind rotation, supported the development of a convective instability over the region.

The IFS run initialized 3 June 2025 (T+24) predicted 33.9 mm of precipitation in the Ordu area, 64.7 mm in the Giresun area, 33.2
mm in the Trabzon area, and 26.7 mm 1n the Rize area for 3 June 2025. (Figure 3.c)

co Vit | o 8 _ A T | % Q\ Analysis of ECMWF products showed that:

, z i N N “ ;3 ‘ol L N L) f [FS: The predicted rainfall amounts for Trabzon and Rize were lower than the observed values; however, as the forecast lead time
| o~ XAy T, X gk L5 4 R B shortened, the model outputs showed an increasing trend. A decrease was seen for Ordu and Giresun in the run initialized on 2 June

' | | a7 el " 2025, while the forecasts from 3 June 2025 became more consistent with the observed rainfall.

AIFS: Similarly, initial forecasts underestimated rainfall, but values increased noticeably as the event approached in all provinces.

EPS: The probability of receiving 20 mm or more rainfall increased for Ordu, Trabzon, and Rize, while only Giresun showed a

Figure 3.a: 01.06.2025 00.00 UTC IFS T+72 (03.06.2025 00.00- 04.06.2025 00.00 UTC) Figure 3.b: 02.06.2025 00.00 UTC IFS T+48 (03.06.2025 00.00- 04.06.2025 00.00 UTC) Figure 3.c: 03.06.2025 00.00 UTC IFS T+24 (03.06.2025 00.00- 04.06.2025 00.00 UTC) . .
g . : decrease on the second day, consistent with IFS results.
EFI: Index values rose as the event approached. On 3 June 2025, all provinces had values between 0.8 and 1.0, indicating that
rainfall was unusual and severe compared to the model climate.

All these ECMWF products were used by the Turkish State Meteorological Service to issue timely and accurate warnings, which
The AIFS run initialized 1 June 2025 (T+72) predicted 12.1 mm of precipitation in the Ordu area, 11.7 mm in the Giresun area, 9.3 Bl were shared with the public, local users, and the media.

mm in the Trabzon area, and 9.9 mm in the Rize area for 3 June 2025. (Figure 4.a).

e : S . . In conclusion, this case study demonstrates that ECMWF forecast products are powerful tools for predicting severe weather events in
The AIFS run initialized 2 June 2025 (T+48) predicted 13.2 mm of precipitation in the Ordu area, 12.9 mm 1n the Giresun area, regions with complex topography such as the Eastern Black Sea. By monitoring upcoming adverse weather conditions days in

10.3 mm in the Trabzon area, and 11.0 mm in the Rize area for 3 June 2025. (Figure 4.b). advance and comparing model outputs with observations, forecasters can improve the reliability of predictions. Evaluating

deterministic and probabilistic products together increases the accuracy of warnings and provides valuable information to decision-
makers. In the future, the use of Al-based systems such as AIFS is expected to further enhance this accuracy.
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The AIFS run initialized 3 June 2025 (T+24) predicted 21.7 mm of precipitation in the Ordu area, 22.3 mm in the Giresun area,
13.2 mm 1in the Trabzon area, and 11.2 mm in the Rize area for 3 June 2025. (Figure 4.c).
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Figure 4.a: 01.06.2025 00.00 UTC AIFS T+72 (03.06.2025 00.00- 04.06.2025 00.00 UTC) Figure 4.b: 02.06.2025 00.00 UTC AIFS T+48 (03.06.2025 00.00- 04.06.2025 00.00 UTC) Figure 4.c: 03.06.2025 00.00 UTC AIFS T+24 (03.06.2025 00.00- 04.06.2025 00.00 UTC)
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