Lightning Activity Report for
Dagpazari RES

Analyzed Period:
01-05-2024 - 31-05-2024

Centroid Coordinates:
Latitude: 36.76824
Longitude: 33.41431

Report Generated: 13-08-2025 17:57

This report provides comprehensive lightning and storm activity analysis for wind farm
operations and safety assessment. Each section includes detailed explanations to help
you understand the data and make informed decisions about turbine safety
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Turbine Information

This table contains detailed information about all turbines in the wind farm.

Turbine Lat L Unit Power Unit Power Tower Height | Rotor Diameter Altitude

(MWm) (MWwe) (m) (m) (m)
T1 36.7719 33.4050 N/A N/A N/A N/A N/A
T2 36.7703 33.4075 N/A N/A N/A N/A N/A
T3 36.7686 33.4100 N/A N/A N/A N/A N/A
T4 36.7664 33.4125 N/A N/A N/A N/A N/A
T5 36.7642 33.4147 N/A N/A N/A N/A N/A
T6 36.7628 33.4175 N/A N/A N/A N/A N/A
T7 36.7728 33.4117 N/A N/A N/A N/A N/A
T8 36.7706 33.4142 N/A N/A N/A N/A N/A
T9 36.7617 33.4200 N/A N/A N/A N/A N/A
T10 36.7669 33.4192 N/A N/A N/A N/A N/A
T11 36.7658 33.4217 N/A N/A N/A N/A N/A
T12 36.7739 33.4164 N/A N/A N/A N/A N/A
T13 36.7747 33.4206 N/A N/A N/A N/A N/A
T14 36.7733 33.4011 N/A N/A N/A N/A N/A
T15 36.7597 33.4228 N/A N/A N/A N/A N/A

Turbine Group Information:

Total turbines: 15

Overall centroid: Lat 36.76824, Lng 33.41431

Analysis radius: 10.0 km from centroid

Map Interpretation Guide:

« Lightning circles: Size correlates with current magnitude (amperes) - larger circles = higher current

« Turbine colors: Red tone intensity correlates with risk score - darker red = higher risk

« Distance rings: Show proximity zones from turbine centroid (1km, 2km, 3km, 4km, 10km)

« Coordinate planes: X-axis = Latitude, Y-axis = Longitude

 Turbine markers: Inverted triangle symbols with turbine names
 Storm cells: Purple star symbols with 'S’ label (if any)
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Cloud-to-Ground Lightnings

Cloud-to-Ground Lightning - Coordinate Plane View - Central Turbine: Group 1
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Intercloud Lightnings

Intercloud Lightning - Coordinate Plane View - Central Turbine: Group 1
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Turbine Risk Assessment
Group 1 Turbines

Turbine Name

Log Risk

T4 0.97
T5 0.95
T6 0.94
T9 0.93
T15 0.91
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Daily Lightning Breakdown by Distance Rings

Area covered within 10.0 km radius: 314.2 km?2
Total lightnings within 10.0 km radius: 705 events

Total lightning density: 2.244 events/km?

(Calculation: 705 total lightnings / 314.2 km? area)
Daily lightning density: 0.072 events/km?/day

(Calculation: 705 total lightnings / 314.2 km?2 area / 31 days in the month)
Daily Analysis:

This section shows lightning events organized by date and distance from turbines.

Higher counts in closer rings (1-2km) indicate elevated risk to turbine operations.

Date: 01-05-2024 (Total: 63 lightning events)
3.0-4.0km: 1 total (0 CG, 1 IC)
4.0-10.0km: 62 total (18 CG, 44 IC)

Date: 02-05-2024 (Total: 600 lightning events)

1.0-2.0km: 6 total (0 CG, 6 IC)
2.0-3.0km: 28 total (4 CG, 24 IC)
3.0-4.0km: 61 total (11 CG, 50 IC)
4.0-10.0km: 505 total (105 CG, 400 IC)

Date: 22-05-2024 (Total: 41 lightning events)
1.0-2.0km: 1 total (1 CG, 0 IC)
3.0-4.0km: 1 total (0 CG, 1 IC)
4.0-10.0km: 39 total (15 CG, 24 IC)

Date: 27-05-2024 (Total: 1 lightning events)
4.0-10.0km: 1 total (0 CG, 1 IC)
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Frequent Lightning Activity Report
01-05-2024 - 31-05-2024

Lightning Activity Overview:

The chart below shows lightning activity patterns over time, helping identify high-risk periods

and concentrated storm events. Peaks indicate intense lightning activity requiring attention.

For detailed information go to the "Frequent Lightning Activity Period Detection Algorithm" section in the appendix.

Frequent Lightning Activity Periods - Events within 10.0km
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Storm Cells Analysis Summary

01-05-2024 - 31-05-2024
Storm Cells Overview:

The following pages show storm cell boundaries organized by day during the analysis period.
Each cell represents a storm system with defined boundaries and storm severity levels.

Storm Cells Summary:

Total storm cells: 14
Severity breakdown:

e Low: 11 cells
* Medium: 3 cells

Average direction: 274.6°
Average speed: 26.1 km/h

Daily Storm Breakdown:

* 02-05-2024: 14 storm cells

Complete Storm Cells List:

No.
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Severity

Low
Low
Low
Low
Medium
Medium
Medium
Low
Low
Low
Low
Low
Low
Low

Effective Time
02-05-2024 14:24
02-05-2024 14:37
02-05-2024 14:37
02-05-2024 14:37
02-05-2024 18:03
02-05-2024 18:03
02-05-2024 18:03
02-05-2024 18:10
02-05-2024 18:10
02-05-2024 18:10
02-05-2024 18:25
02-05-2024 18:25
02-05-2024 18:25
02-05-2024 18:25

Expire Time

02-05-2024 15:09
02-05-2024 15:22
02-05-2024 15:22
02-05-2024 15:22
02-05-2024 18:48
02-05-2024 18:48
02-05-2024 18:48
02-05-2024 18:55
02-05-2024 18:55
02-05-2024 18:55
02-05-2024 19:10
02-05-2024 19:10
02-05-2024 19:10
02-05-2024 19:10
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Storm Ce“S = 02-05-2024 Storm Page 1 of 1

Date: 02-05-2024
Number of storm cells: 14
Severity breakdown:

e Low: 11 cells
* Medium: 3 cells

Storm Cells - 02-05-2024
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Detailed Lightning Event Data:
The table below lists all lightning events affecting this turbine group, sorted by

risk level (cloud-to-ground strikes first, then by proximity). Row colors indicate distance zones.

Table Interpretation:

* Row colors: Match distance ring colors - indicates proximity to turbines
 Proximity: Distance from turbine group centroid in kilometers

« Current: Lightning current magnitude in amperes

« Height: Lightning height above ground in meters

« Lightning Type: Cloud-to-ground = highest risk, Intercloud = lower risk
Lightning Types:

« Cloud-to-Ground: Direct strikes to ground - highest damage potential

« Intercloud: Lightning between clouds - lower direct risk to turbines

# Time (UTC) Lat Lng Current (amps) | Height (m)

Lightning Type Proximity (km)
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Time (UTC) Current (amps) | Height (m) Lightning Type Proximity (km)
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Appendix

Risk Calculation Method:

How Risk Scores Are Determined:
Risk scores combine lightning current magnitude and distance from turbines.
Higher scores indicate greater exposure and potential damage risk.

* Risk = PO x (1 + axCurrent/10000) x e*(-axDistance)
* PO = Base probability (1.0), a = Distance decay factor (0.5)
 Current = Lightning current magnitude in amperes
« Distance = Distance from turbine in kilometers
« Higher current and closer distance = Higher risk score
* Risk scores are summed for all lightning strikes affecting each turbine.
The log value of the calculated risk score is used to represent the risk level.

Centroid and Distance Ring Calculation:

« Turbines are grouped by proximity (within 4km of each other)

« Group centroid = Average latitude and longitude of all turbines in the group

« Distance rings are drawn from the group centroid, not individual turbines

« Single isolated turbines get their own centroid (individual analysis)

« Distance calculations use Haversine formula for accurate geographic distances

Frequent Lightning Activity Period Detection Algorithm:
How Period Timespans Are Determined:

The algorithm uses a gap-based approach to identify concentrated lightning activity periods.

Step-by-Step Process:
1. Chronological Sorting: All lightning events are sorted by timestamp (local_time)
2. Gap Calculation: Time differences between consecutive lightning events are calculated
3. Period Boundary Detection:

« When a gap between two consecutive events exceeds 30 minutes (configurable),

it marks the end of one period and the start of another

« This creates natural breaks in lightning activity
4. Period Validation:

« Only periods with =210 lightning events (configurable) are considered significant

« This filters out minor activity and focuses on major storm events
5. Timespan Definition:

« Start time: Timestamp of the first lightning event in the period

« End time: Timestamp of the last lightning event in the period

« The period timespan is the actual duration from first to last event, not a fixed duration
6. Peak Sub-Period Detection:

« Uses a 3-minute rolling average to smooth the data

« Identifies peaks when activity exceeds mean + 1 standard deviation

« These peak periods are highlighted in yellow on the histogram

Key Algorithm Features:

» Dynamic Duration: Period lengths vary based on actual lightning activity, not fixed time windows

« Gap-Based Segmentation: Natural breaks in activity define period boundaries
« Statistical Peak Detection: Uses statistical thresholds to identify intense sub-periods
« Configurable Thresholds: All parameters can be adjusted in the configuration
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