VIC-AMBHAS input files for the Philippine Hydrological Model
Description of the Philippine Hydrological Model
The Philippine Hydrological Model is the first national-scale hydrological model of the Philippines. Its primary purpose is to quantify components of the hydrological cycle at the national level, with spatio-temporal patterns of precipitation, evapotranspiration, runoff and groundwater recharge as model outputs.
We have developed an integrated surface water-groundwater model based on the Variable Infiltration Capacity (VIC) macro-scale hydrological model (Liang et al. 1994, Hamman et al 2018), into which we have added a one-layer, 2D lateral groundwater flow model (Scheidegger et al. 2021). Groundwater recharge is derived from the interaction of the groundwater model with the VIC soil by allowing bi-directional exchange of water between the aquifer and the soil. The model is run at a 2 km grid resolution and is parameterised with, and driven by, globally available datasets describing the land surface, including soil and vegetation properties. 
The model outputs include: evapotranspiration, runoff, groundwater recharge, baseflow, groundwater levels, and soil moisture.
To run this model the VIC-AMBHAS-GRID version of the code is used, accessed here: https://github.com/BritishGeologicalSurvey/VIC/blob/VIC-AMBHAS-GRID/vic/extensions/AMBHAS/readme.md
Description of model structure
The Philippine Hydrological Model is split into four sub-models: North, Centre, South and West. These are referred to as LOCATION below. Each of these sub-models is run separately. Within each model folder, the following sub-folders are required:
• AMBHAS
• AMBHAS_OUT
• grid
• results
• run
The folders AMBHAS_OUT and results are empty at the start of the simulation. The contents of the other folders are described below.
Description VIC input files
The VIC input files are stored in the folder run. 
• VIC global parameters: VIC_global_params_LOCATION.txt. This is the main input file for VIC. It points VIC to the locations of other input/output files and sets parameters that govern the simulation, such as start and end dates.
• VIC parameter file: VIC_params_LOCATION.nc. Spatially distributed parameters describing the land surface.
• VIC domain file: VIC_Domain_LOCATION.nc. Domain information of VIC run.
A full description can be found here:
https://vic.readthedocs.io/en/master/Documentation/Drivers/Image/Inputs/
Description of AMBHAS input file
The groundwater input files are stored in the folder AMBHAS. 
• AMBHAS global parameter file for AMBHAS: gw_global_parameters.dat
• AMBHAS parameter file: gw_LOCATION_geol.nc
• AMBHAS observation points: gw_observation.dat
A full description of the input files can be found here:
https://github.com/BritishGeologicalSurvey/VIC/blob/VIC-AMBHAS-GRID/vic/extensions/AMBHAS/readme.md
Description of Grid input files
The grid input files are stored in the folder grid. 
• Grid global parameter file: grid_global_params.dat
• Grid forcing cell numbers: Force_CellPhilippines.nc
• VIC cell numbers: VIC_CellNo_LOCATION.nc
The inclusion of the grid modules allows the model to run using forcing data at its original spatial resolution and saves the user from re-gridding the climate data to the model extent and grid resolution. Each cell number from the forcing data, as specified in the Forcing cell numbers, then points to the corresponding VIC cell numbers, that maps the forcing cell onto the VIC grid.

A full description of the input files can be found here:
https://github.com/BritishGeologicalSurvey/VIC/blob/VIC-AMBHAS-GRID/vic/extensions/AMBHAS/readme.md
Description of Forcing data
The input files containing the climate forcing data are stored in the folder forcing_ERA5. 
One netcdf file per year is provided at a six hourly time step.
Descriptions of the variables and units can be found here: https://vic.readthedocs.io/en/master/Documentation/Drivers/Image/ForcingData/
Link to the Code
VIC is written in the C programming language. The code can be found here:
https://github.com/BritishGeologicalSurvey/VIC/tree/VIC-AMBHAS-GRID
Running the model on a Linux cluster
Advice on how to run and compile VIC can be found here:
https://vic.readthedocs.io/en/master/Documentation/Drivers/Image/RunVIC/
We run the model by using the batch script found in the run folder. 
Data sources
Table 1. Description and data source of variables for the VIC global parameter file.

	Variable number
	Variable name
	Source
	Description

	1
	mask
	(Global Administrative Areas, 2012)
	Country and Island outline

	2
	layer
	-
	-

	3
	run_cell
	-
	1 = Run Grid cell, 0 = Do not Run

	4
	gridcell
	-
	Grid cell number

	5
	lats
	-
	Latitude

	6
	lons
	-
	Longitude

	7
	infilt
	callibration parameter
	Variable Infiltration parameter (binfilt). The binfilt parameter is the parameter used to describe the Variable Infiltration Curve. This is typically a value that is adjusted during the calibration of the VIC model. Parameter values range from 10-5 to 0.4. Higher values The b_infilt parameter is the parameter used to describe the Variable Infiltration Curve. This is typically a value that is adjusted during the calibration of the VIC model. Parameter values range from 10-5 to 0.4. Higher values will produce more runoff. 0.2 is often used as a starting value.

	8
	Ds
	Dummy, not used 
	The soil parameter Ds represents the fraction of the Dsmax parameter at which non-linear base-flow occurs. This is typically a parameter
 that is adjusted during the calibration of the VIC model. An initial value of 0.001 may be used. Typically this value is small (less than 1). For the coupled VIC-AMBHAS model, this parameter is not used in the simulation, but needs to be given in the input files.

	9
	Dsmax
	Dummy, not used
	The parameter Dsmax is the maximum velocity of baseflow for each grid cell. This can be estimated using the saturated hydraulic conductivity, Ksat, for each grid cell multiplied by the slope of the grid cell. The values for Ksat
 can be averaged for the layers for which baseflow will be included. When working in decimal degrees, the elevation data for the basin should be projected to an equal area map projection, in order to have horizontal dimensions in the same units as the vertical dimensions so that the slopes computed in Arc/Info are meaningful lues.
For the coupled VIC-AMBHAS model, this parameter is not used in the simulation, but needs to be given in the input files.

	10
	Ws
	Dummy, not used
	The parameter Ws is the fraction of maximum soil moisture where non-linear baseflow occurs. As with the Ds parameter, this is generally adjusted during the calibration phase of applying the VIC model. Values for Ws are typically greater than 0.5. An initial value of 0.9 can be used. For the coupled VIC-AMBHAS model, this parameter is not used in the simulation, but needs to be given in the input files.

	11
	c
	Dummy, not used
	c Exponent used in baseflow curve, normally set to 2.
 For the coupled VIC-AMBHAS model, this parameter is not used in the simulation,
but needs to be given in the input files.

	12
	expt
	Calculated from wilting point and field capacity by Zhang and Marcel (2018). https://dataverse.harvard.edu/dataset.xhtml?persistentId=doi:10.7910/DVN/UI5LCE
The wilting point is given at h = 15000 cm, and the field capacity at h = 330 cm.
b = slope of the retention curve in log – log space
expt = 3 + 2*b
	Exponent n (=3+2/lambda) in Campbells eqn for hydraulic conductivity, HBH 5.6 (where lambda = soil pore size distribution parameter). Values should be > 3.0

	13
	Ksat
	Zhang and Marcel (2018) https://dataverse.harvard.edu/dataset.xhtml?persistentId=doi:10.7910/DVN/UI5LCE
	Saturated hydraulic conductivity mm/d

	14
	phi_s
	Zhang and Marcel (2018) https://dataverse.harvard.edu/dataset.xhtml?persistentId=doi:10.7910/DVN/UI5LCE
	Soil moisture diffusion parameter

	15
	init_moist
	Initial soil moisture is set to porosity * layer depth
	init_moist in mm Initial moisture content of each layer can be set at any reasonable value. One approach is to use fractional soil moisture content (expressed as a fraction of the maximum soil moisture; max. soil moisture = porosity * layer depth) at the critical point, Wcr, which can be computed for each layer as a depth in i meters
by multiplying Wcr by the thickness of the layer in meters, and then multiplying by 1000

	16
	elev
	HydroSheds (Lehner et al 2008)
	Average elevation of grid cell

	17
	depth
	
	Thickness of each soil moisture layer. This is set to 0.1, 0.5, 2m below ground

	18
	avg_T
	Fick and Hijmans (2017). https://www.worldclim.org/data/worldclim21.html
	 Average soil temperature.
This parameter is the temperature of the soil at the damping depth. This temperature is often assumed to be the same as the average annual air temperature. This temperature is used as the bottom boundary of all
thermal flux calculations made for the soil column.

	19
	dp
	4m
	This is the soil thermal damping depth. It is defined as the depth in the soil column at which the soil temperature remains nearly constant annually. This is the depth to which soil thermal flux calculations will be made, and is often set to 4m. The constant temperature at this boundary is defined with the parameter avg_T.

	20
	bubble
	bubble =0.32*expt + 4.3
	The bubble parameter is the bubbling pressure, h, for the soil texture type (see, e.g., Table 5.3.2 in Rawls, et al (Handbook of Hydrology)). This parameter is necessary for running the VIC model with FULL_ENERGY==TRUE or FROZEN_SOIL==TRUE. Values must be > 0.0. If you have a VIC soil parameter file created for water-balance mode runs, in which bubbling pressure has been set to a "nodata" value such as -99, you will not be able to use this soil parameter file for FULL_ENERGY==TRUE or FROZEN_SOIL==TRUE. However, a quick way to estimate bubbling pressure from the existing soil parameters (namely the expt parameter) is:

 bubble = 0.32*expt + 4.3

This is illustrated in figure 1, generated by taking the data from table 5.3.2 in Rawls, et al (Handbook of Hydrology), computing expt from lambda, and performing a linear regression.

	21
	quartz
	SoilGrid1km variable SNDPPT(Hengl et al., 2014)
	Quartz content of soil. Here the sand fraction is used.

	22
	bulk_density
	SoilGrids1km BLDFIE (Hengl et al., 2014)
	Bulk density of organic portion of soil.

	23
	soil_density
	Soil particle density, normally 2685 kg/m3
	Soil particle density of organic portion of soil.

	24
	off_gmt
	-
	Time zone offset from GMT.


	25
	Wcr_FRACT
	Calculated from Zhang using phi_s and the field capacity as follows:
phi=phi_s*(0.7*FieldCapacity/psi_s)^(-1/b)
Wcr_FRACT=phi/phi_s 
https://dataverse.harvard.edu/dataset.xhtml?persistentId=doi:10.7910/DVN/UI5LCE
	The parameter Wcr_FRACT (Wcr) is the fractional soil moisture (expressed as a fraction of the maximum soil moisture; max. soil moisture = porosity * layer depth) at the critical point, which is the water content below which hydraulic conductivity begins to fall below saturated values, as does transpiration. This is set at 70% of the field capacity, in accordance with the different soil textures. Field Capacity is defined as the water content at a tension of -33kPa.

	26
	Wpwp_FRACT
	Wilting point from Zhang and Marcel (2018) divided by phi_s from Zhang and Marcel (2018) https://dataverse.harvard.edu/dataset.xhtml?persistentId=doi:10.7910/DVN/UI5LCE
	The parameter Wpwp_FRACT (wp) is the fractional soil moisture (expressed as a fraction of the maximum soil moisture; max. soil moisture = porosity * layer depth) at the wilting point. Wilting Point is set at the water content at a tension of 1500 kPa, and is approximated for the different soil textures.

	27
	rough
	0.001
	Surface roughness of bare soil, expressed in meters, can be set to a value 0.001, and adjusted according to local data.

	28
	snow_rough
	0
	The surface roughness of the snowpack, expressed in meters, can be set to an initial value of 0.0005, and can then be adjusted according to local data.

	29
	annual_prec
	Fick and Hijmans (2017) 
https://www.worldclim.org/data/worldclim21.html
	Average annual precipitation

	30
	resid_moist
	Zhang and Marcel (2018). 
https://dataverse.harvard.edu/dataset.xhtml?persistentId=doi:10.7910/DVN/UI5LCE
	Soil moisture layer residual moisture content in units of residual moisture content / total layer volume [mm/mm].

	31
	fs_active
	0
	If set to 1, then frozen soil algorithm is activated for the grid cell. A 0 indicates that frozen soils are not computed even if soil temperatures fall below 0C

	32
	cellnum
	same as gridcell
	Grid cell number

	33
	AreaFract
	1
	Fraction of grid cell covered by each elevation band. Sum of the fractions must equal 1.

	34
	elevation
	HydroSheds (Lehner et al 2008)
	Mean (or median) elevation of elevation band. This is used to compute the change in air temperature from the grid cell mean elevation

	35
	Pfactor
	1
	Fraction of cell precipitation that falls on each elevation band. Total must equal 1. To ignore effects of elevation on precipitation, set these fractions equal to the area fractions

	36
	veg_descr
	MODIS landcover at 0.05 °(Friedl and Sulla-Menashe, 2015). 
https://lpdaac.usgs.gov/products/mcd12c1v006/
	Land cover classification

	37
	Nveg
	1
	Number of vegetation tiles in the grid cell

	38
	Cv
	1
	Fraction of grid cell covered by vegetation tile

	39
	root_depth
	Fan et al. (2017a) and dataset Fan et al. (2017b) 
https://wci.earth2observe.eu/thredds/catalog/usc/root-depth/catalog.html
	Root zone thickness (sum of depths is total depth of root penetration)

	40
	root_fract
	Calculated from root_depth
	Fraction of root in the current root zone

	41
	LAI
	Copernicus LAI at 1km (Smets et al., 2019) https://land.copernicus.eu/global/products/lai
	Leaf Area Index, one per month

	42
	overstory
	MODIS landcover at 0.05°(Friedl and Sulla-Menashe, 2015) and VIC vegetation library. 
https://lpdaac.usgs.gov/products/mcd12c1v006/
	Lag to indicate whether or not the current vegetation type has an overstory TRUE for overstory present [e.g. trees], FALSE for overstory not present [e.g. grass])

	43
	rarc
	MODIS landcover at 0.05°(Friedl and Sulla-Menashe, 2015) and VIC vegetation library. 
https://lpdaac.usgs.gov/products/mcd12c1v006/
	Architectural resistance of vegetation type (~2 s/m) Not sure about this!!
#use the values from the veglib

	44
	rmin
	MODIS landcover at 0.05°(Friedl and Sulla-Menashe, 2015) and VIC vegetation library. 
https://lpdaac.usgs.gov/products/mcd12c1v006/
	Minimum stomatal resistance of vegetation type (~100 s/m)
use the values from the veglib

	45
	wind_h
	MODIS landcover at 0.05°(Friedl and Sulla-Menashe, 2015) and VIC vegetation library.
 https://lpdaac.usgs.gov/products/mcd12c1v006/
	Height at which wind speed is measured

	46
	RGL
	MODIS landcover at 0.05°(Friedl and Sulla-Menashe, 2015) and VIC vegetation library and VIC global parameter file. https://lpdaac.usgs.gov/products/mcd12c1v006/
	Minimum incoming shortwave radiation at which there will be transpiration. For trees this is about 30 W/m2, for crops about 100 W/m2.

	47
	rad_atten
	default 0.5
	Radiation attenuation factor. Normally set to 0.5, 
though may need to be adjusted for high latitudes.

	48
	wind_atten
	default 0.5
	Wind speed attenuation through the overstory. The default value has been 0.5.

	49
	trunk_ratio
	default 0.2
	Ratio of total tree height that is trunk (no branches). 
The default value has been 0.2.

	50
	albedo
	Copernicus surface albedo at 1km (Smets and Sánchez-Zapero, 2018). 
https://land.copernicus.eu/global/products/sa
	Shortwave albedo for vegetation type

	51
	veg_rough
	Vegetation roughness length is typically 0.123 * vegetation height. Vegetation height is obtained from 
Healey et al. (2015). 
https://webmap.ornl.gov/wcsdown/dataset.jsp?ds_id=10023
	Vegetation roughness length (typically 0.123 * vegetation height)
one value per month

	52
	displacement
	Vegetation displacement height is typically 0.67 * vegetation height. Vegetation height is obtained from 
Healey et al. (2015).
https://webmap.ornl.gov/wcsdown/dataset.jsp?ds_id=10023
	Vegetation displacement height (typically 0.67 * vegetation height)
one value per month



Table 2. Parameters and sources for the Groundwater model coupled to VIC.
	Variable number
	Variable name
	Units
	Description
	Data source

	1
	Sy
	[-]
	Specific_yield
	Groundwater availability map of the Philippines parameterised (Bureau of Mines and Geo-Sciences and Ministry of Natural Resources, 1986).  

	2
	Trans
	[m2/day]
	Transmissivity – a value must be given, even if K is specified
	dummy

	3
	K
	[m/day]
	hydraulic_conductivity – a value must be given, even if T is spcified
	Groundwater availability map of the Philippines parameterised (Bureau of Mines and Geo-Sciences and Ministry of Natural Resources, 1986).  

	4
	mask
	[-]
	mask: active cells of the model domain are set to 1
	-

	5
	dem
	[m]
	digital elevation model

	HydroSheds void filled DEM (Lehner et al 2008)

	6
	zbase
	[m]
	Base of the aquifer in m above datum
	100 m

	7
	zriver
	[m]
	elevation of the river elevation, e.g DEM or DEM - 5
	Dem -5 (Lehner et al 2008)

	8
	driver
	[m]
	Thickness of the river bed
	1

	9
	C_eff
	[1/day]
	Conductance for leakage cells of effluent_river
	Calibration, network based on HydroSheds flow accumulation (Lehner et al 2008)

	10
	C_in
	[1/day]
	Conductance for leakage cells of influent_river
	Calibration, network based on HydroSheds flow accumulation (Lehner et al 2008)

	11
	C_leak_eff
	[1/day]
	Conductance for leakage cells effluent 
	0

	12
	C_leak_in
	[1/day]
	Conductance for leakage cells influent
	0

	13
	headBC
	[m]
	Head[m] of specific head boundary cells, or -999 for non-specified head boundary nodes
	0 at the coast

	14
	river_area
	[m2]
	River area or cells where a river is present
	Grid cell area

	15
	aquifer map
	[-]
	Zones of 1 are unconfined aquifer, and zones of 0 are confined aquifer
	1

	16
	c_n
	[m]
	distance of the cell centre to the cell centre of the cell to the north [m]
	Calculated distance

	17
	c_e
	[m]
	distance of the cell centre to the cell centre of the cell to the east [m]
	Calculated distance

	18
	e_n
	[m]
	length of the northern edge of the cell [m]
	Calculated distance

	19
	e_e
	[m]
	length of the eatern edge of the cell [m]
	Calculated distance

	20
	cell_area
	[m2]
	cell area of each cell in [m2]
	Calculated distance

	21
	z_soil
	[m]
	total soil depth used in the VIC model
	2

	22
	Sy_soil
	[m]
	specific yield of the soil as used in the VIC model
	Phi_s from Zhang and Marcel (2018)



Table 3. Parameters and sources for the forcing file in VIC.
	Variable number
	Variable name
	Units
	Description
	Data source

	1
	mask
	[-]
	mask
	

	2
	prcp
	[mm/step]
	Total precipitation
	(Hersbach et al. 2018)

	3
	tas
	[C]
	Average air temperature
	(Hersbach et al. 2018)

	4
	dswrf
	[W/m2]
	Incoming shortwave radiation
	(Hersbach et al. 2018)

	5
	dlwrf
	[W/m2]
	Incoming longwave radiation
	(Hersbach et al. 2018)

	6
	pres
	[kPa]
	Atmospheric pressure
	(Hersbach et al. 2018)

	7
	vp
	[kPa]
	Vapor pressure
	(Hersbach et al. 2018)

	8
	wind
	[m/s]
	Wind speed
	(Hersbach et al. 2018)
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