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class ZurichFloodHazard(Hazard):
def _init__(self):

"""Initialize Zurich flood hazard model with default parameters.
super().__init__(haz_type="FL')
self.units ='m’'
self.pool = None
self.rainfall _data = None
self.dem data = None
self.districts = None
self.drainage _network = None
self.soil _properties = None
self.lake zurich = None
self.rivers = None
self.model params ={

min

'dx': 10.0, # Grid resolution in meters
'dt': 1.0, # Time step in seconds
'g": 9.81, # Gravity acceleration
'manning_n': 0.03, # Manning roughness coefficient
‘theta': 0.7, # Time integration parameter (0.5-1.0)
'max_iter': 10000, # Maximum iterations
‘convergence_threshold': 1e-5, # Convergence criterion
‘cfl_ number': 0.7, # Courant—Friedrichs—Lewy condition
'output_interval': 3600, # Output interval in seconds
'sim_duration': 86400, # Simulation duration in seconds
'infiltration': {
'initial_moisture': 0.3, # Initial moisture content
'saturated _moisture': 0.5, # Saturated moisture content
'suction_head': 0.1667, # Suction head in meters
'hydraulic_conductivity': {
'urban': 5e-7,  # Urban areas (m/s)
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'suburban': 1e-6, # Suburban areas (m/s)
'parks': 5e-6,  # Parks and gardens (m/s)
'forest': 1e-5  # Forest areas (m/s)

}

b
'drainage’: {

‘capacity': 0.02, # Base drainage capacity in m/h

'upgrade_factor': { # Capacity multiplier by district
'district_1': 1.2, # Central district
'district_2': 1.0,
'district_3': 0.9,
'district_4': 1.1,
'district_5': 1.0,
'district_6': 0.8,
'district_7': 1.1,
'district_8': 1.0,
'district_9': 0.9,
'district_10': 0.7, # Newest development
'district_11'": 1.0,
'district_12': 0.8
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class ZurichFloodHazard(Hazard):
def init_ (self):
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super(). init_(haz_type='FL')
self.units ='m'
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self.pnoo/ = None

self.rainfall _data = None
self.dem data = None
self.districts = None
self.drainage _network = None
self.soil properties = None
self.lake _zurich = None
self.rivers = None
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self.model params ={
'dx': 10.0, # Grid resolution in meters
'dt': 1.0, # Time step in seconds
'g':9.81, # Gravity acceleration
'manning_n': 0.03, # Manning roughness coefficient
'theta': 0.7, # Time integration parameter (0.5-1.0)
'max_iter': 10000, # Maximum iterations
'‘convergence_threshold': 1e-5, # Convergence criterion
'cfl_number': 0.7, # Courant—Friedrichs—Lewy condition
'output_interval': 3600, # Output interval in seconds
'sim_duration': 86400, # Simulation duration in seconds
'infiltration': {
"initial_moisture': 0.3, # Initial moisture content
'saturated_moisture': 0.5, # Saturated moisture content
'suction_head': 0.1667, # Suction head in meters
'hydraulic_conductivity': {
'urban': 5e-7,  # Urban areas (m/s)
'suburban': 1e-6, # Suburban areas (m/s)
'parks': 5e-6,  # Parks and gardens (m/s)
'forest': 1e-5  # Forest areas (m/s)
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'drainage': {
'capacity': 0.02, # Base drainage capacity in m/h
'upgrade_factor': { # Capacity multiplier by district
'district_1': 1.2, # Central district
'district_2': 1.0,
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'district_3': 0.9,

'district_4': 1.1,

'district_5'": 1.0,

'district_6': 0.8,

'district_7': 1.1,

'district_8': 1.0,

'district_9': 0.9,

'district_10': 0.7, # Newest development
'district_11": 1.0,

"district_12': 0.8
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def set_from_copernicus_cds(self, start_date, end_date, api_key=None):
"""Load precipitation data from Copernicus Climate Data Store.

Parameters:
start_date (str): Start date in format 'YYYY-MM-DD'
end_date (str): End date in format 'YYYY-MM-DD'
api_key (str, optional): Copernicus CDS API key

Returns:
ZurichFloodHazard: self
# Check if API key is provided or exists in environment
if api_key is None:
api_key = os.environ.get('COPERNICUS _CDS_API_KEY')
if api_key is None:
raise ValueError("No Copernicus CDS API key provided")

# Format request to Copernicus CDS
url = "https://cds.climate.copernicus.eu/api/v2"
request_params = {
'dataset_short_name': 'reanalysis-era5-land’,
'product_type': 'reanalysis’,
'format': 'netcdf’,
'variable': ['total_precipitation'],
'vear": [d.split('-')[0] for d in [start_date, end_date]],
'month': list(range(1, 13)),

1 Copernicus (Copernicus Climate Data Store)
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'day': list(range(1, 32)),

'time": [f"{h:02d}:00" for h in range(24)],

'area': [47.4, 8.4, 47.3, 8.6], # Zurich bounding box
1

# Log request details
print(f"Requesting precipitation data from Copernicus CDS for {start_date} to {end_date}")

# This is a simplified placeholder - actual implementation would use the CDS API client
# For demonstration only - in production code, use proper CDS API client
# self.rainfall_data = xr.open_dataset(response_file)

# Placeholder simulated data (in actual implementation, this would come from CDS)
time_range = pd.date range(start=start_date, end=end_date, freq="1H')

lats = np./inspace(47.3, 47.4, 20)

lons = np./inspace(8.4, 8.6, 20)

# Create synthetic precipitation data with realistic spatio-temporal pattern

# Rainstorm events with higher intensity in summer months

precip_data = np.zeros((len(time_range), len(lats), len(lons)))

for i, t in enumerate(time_range):
month = t.month
hour = t.hour

# More intense rain in summer (May-September)
seasonal_factor = 2.0 if 5 <= month <=9 else 0.8

# Diurnal cycle - more rain in afternoon/evening
diurnal_factor = 1.5 if 14 <= hour <= 20 else 0.9

# Random storm events (approximately 10% of time steps)
if np.random.random() < 0.1:
storm_center_lat = np.random.choice(range(len(lats)))
storm_center_lon = np.random.choice(range(len(lons)))

# Create storm pattern
for lat_idx in range(len(lats)):
for lon_idx in range(len(lons)):
distance = np.sqri((lat_idx - storm_center_lat)**2 +
(lon_idx - storm_center_lon)**2)
intensity = 10 * np.exp(-0.5 * (distance/3)**2) * seasonal_factor * diurnal_factor
precip_datali, lat_idx, lon_idx] = max(0, intensity + np.random.normal(0, 0.2))
else:
# Background precipitation
precip_datali, :, :] = np.random.exponential(0.5) * seasonal_factor * diurnal_factor
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# Create xarray dataset
self.rainfall _data = xr.Dataset(
data_vars={

tp": (["time", "latitude", "longitude"], precip_data)
b

coords={
"time": time_range,
"latitude": lats,
"longitude": lons

}
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# Check if API key is provided or exists in environment
if api_key is None:

api_key = os.environ.get('COPERNICUS _CDS_API_KEY')
if api_key is None:

raise ValueError("No Copernicus CDS API key provided")
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# Format request to Copernicus CDS

url = "https://cds.climate.copernicus.eu/api/v2"
request_params = {

'dataset_short_name': 'reanalysis-era5-land’,
'product_type': 'reanalysis’,

'format': 'netcdf’,

'variable': ['total_precipitation'],

'vear': [d.split('-')[0] for d in [start_date, end_date]],
'month': list(range(1, 13)),

'day": list(range(1, 32)),
'time": [f"{h:02d}:00" for h in range(24)],
'area': [47.4, 8.4, 47.3, 8.6], # Zurich bounding box

# Log request details
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print(f"Requesting precipitation data from Copernicus CDS for {start_date} to {end_date}")
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# Placeholder simulated data (in actual implementation, this would come from CDS)

time_range = pd. (start=start_date, end=end_date, freq='1H")
lats = np. (47.3,47.4, 20)
lons = np. (8.4, 8.6, 20)
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precip_data = np. ((len(time_range), len(lats), len(lons)))
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fori, tin enumerate(time_range):
month =t.
hour =t.

# More intense rain in summer (May-September)
seasonal_factor = 2.0 if 5 <= month <=9 else 0.8

# Diurnal cycle - more rain in afternoon/evening
diurnal_factor = 1.5 if 14 <= hour <= 20 else 0.9
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# Random storm events (approximately 10% of time steps)

if np. . ()<0.1:
storm_center_lat = np. . (range(len(lats)))
storm_center_lon = np. . (range(len(lons)))
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# Create storm pattern
for lat_idx in range(len(lats)):
for lon_idx in range(len(lons)):
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distance = np.sgrt((lat_idx - storm_center_lat)**2 +
(lon_idx - storm_center_lon)**2)
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intensity = 10 * np.exp(-0.5 * (distance/3)**2) * seasonal_factor * diurnal_factor
precip_datal[i, lat_idx, lon_idx] = max(0, intensity + np.random.normal(0, 0.2))
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else:
# Background precipitation
precip_datal[l, :, :] = np.random.exponential(0.5) * seasonal_factor * diurnal_factor
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# Create xarray dataset
self.rainfall_data = xr.Dataset(
data_vars={
"tp": (["time", "latitude", "longitude"], precip_data)
1
coords={
"time": time_range,
"latitude": lats,
"longitude": lons
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self.rainfall_data.tp.attrs["units"] = "mm/h"
self.rainfall_data.tp.attrs["long_name"] = "Total Precipitation”

print(f"Successfully loaded precipitation data with {len(time_range)} timestamps")
return self
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def load_zurich_data(self, data_dir=None):
if data_dir is None:

data_dir = os.path.join(SYSTEM_DIR, 'data’, 'zurich')

#In a real implementation, this would load actual data files
# For demonstration, we'll create synthetic data

# Create synthetic DEM with realistic Zurich topography
# Zurich has elevation ranging from ~400m to ~850m
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grid_size =500
X =np. (0, 10000, grid_size) # 10 km grid
y =np. (0, 10000, grid_size) # 10 km grid

# Base elevation
base_elevation = 400 + np. ((grid_size, grid_size))

# Lake Zurich (south-east)
lake_mask = np. ((grid_size, grid_size), dtype=bool)
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if data_dir is None:

data_dir = os. Join(SYSTEM_DIR, 'data’, 'zurich')
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grid_size =500
X =np. (0, 10000, grid_size) # 10 km grid
y =np. (0, 10000, grid_size) # 10 km grid
base_elevation JS .¢
base_elevation = 400 + np. ((grid_size, grid_size))
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lake_mask = np. ((grid_size, grid_size), dtype=bool)
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foriin range(grid_size):
for jin range(grid_size):
if (i-grid_size*0.7)**2 + (j-grid_size*0.7)**2 < (grid_size*0.3)**2:

lake_mask([i, j] = True



LSyess b3 Nazila Sepehr Kiya 8295 s s IS Graad iz 45

base_elevation[lake_mask] = 399 # Lake level
# Hills (Uetliberg in west, Zirichberg in east)
XX, Yy = np.meshgrid(x, y)
# Uetliberg (west side)
uetliberg = 400 * np.exp(-0.5 * ((xx-2000)**2 + (yy-5000)**2) / 2000**2)
# Zlrichberg (east side)
zurichberg =300 * np.exp(-0.5 * ((xx-8000)**2 + (yy-5000)**2) / 2000**2)
# Combining topographic features
self.dem data = base_elevation + uetliberg + zurichberg
# Synthetic river path (Limmat river running from lake through city center)
river_y = np./inspace(grid_size*0.7, 0, 100)
river_x = grid_size*0.7 + np.sin(np.linspace(0, np.pi*2, 100)) * grid_size*0.05
# Carve river into DEM
fori, (x, y) in enumerate(zip(river_x, river_y)):
X_idx = int(x)
y_idx = int(y)
if 0 <= x_idx < grid_size and 0 <=y _idx < grid_size:
# River channel with declining elevation from lake to north
river_elevation = 398 - i*0.1
# Create a river bed approx 30m wide
for dx in range(-15, 16):
for dy in range(-15, 16):
if x_idx+dx >= 0 and x_idx+dx < grid_size and y_idx+dy >= 0 and y_idx+dy < grid_size:
dist = np.sgrt(dx**2 + dy**2)
if dist < 15:
self.dem_dataly_idx+dy, x_idx+dx] = min(
self.dem dataly_idx+dy, x_idx+dx],

river_elevation + dist*0.2
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foriin range(grid_size):



USyewe DL3L Nazila Sepehr Kiya 295 8 haw IS (Grad Wiz 7S

for j in range(grid_size):
if (i-grid_size*0.7)**2 + (j-grid_size*0.7)**2 < (grid_size*0.3)**2:
lake_mask(i, j] = True
base_elevation[lake_mask] =399 # Lake level

(Cl ) 7 ol S5 dil> Sl S Ly 7 &
lake_mask = np. ((grid_size, grid_size), dtype=bool)
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if (i-grid_size*0.7)**2 + (j-grid_size*0.7)**2 < (grid_size*0.3)**2:
lake_mask[i, j] = True
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base_elevation[lake_mask] =399 # Lake level
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XX, yy = np. (x,y)

# Uetliberg (west side)
uetliberg = 400 * np.exp(-0.5 * ((xx-2000)**2 + (yy-5000)**2) / 2000**2)

# Zlrichberg (east side)
zurichberg = 300 * np.exp(-0.5 * ((xx-8000)**2 + (yy-5000)**2) / 2000%*2)
# Combining topographic features
self. = base_elevation + uetliberg + zurichberg
# Synthetic river path (Limmat river running from lake through city center)
river_y = np. (grid_size*0.7, 0, 100)
river_x = grid_size*0.7 + np.sin(np. (0, np.pi*2, 100)) * grid_size*0.05
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fori, (x, y) in enumerate(zip(river_x, river_y)):
X_idx = int(x)
y_idx = int(y)
if 0 <= x_idx < grid_size and 0 <=y_idx < grid_size:
# River channel with declining elevation from lake to north
river_elevation = 398 - i*0.1
# Create a river bed approx 30m wide
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for dx in range(-15, 16):
for dy in range(-15, 16):
if x_idx+dx >= 0 and x_idx+dx < grid_size and y_idx+dy >= 0 and y_idx+dy < grid_size:
dist = np.sgri(dx**2 + dy**2)

if dist < 15:
self. [y_idx+dy, x_idx+dx] = min(
self. [y_idx+dy, x_idx+dx],

river_elevation + dist*0.2

)
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