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[bookmark: _Toc42188352]1. Introduction:
Hydrologic models including the Soil and Water Assessment Tool (SWAT) require spatially distributed land cover data and associated crop type parameters. The database provided in the SWAT model includes properties for broad land cover categories based on observations in the U.S (listed in Appendix 2), but these may not capture the characteristics of similar categories around the world. This methodology has been developed to extend the SWAT land cover database and make it usable for SWAT simulation in the Arequipa Region of Peru. 
A land cover map for the Arequipa Region is available that provides Spanish terms for each vegetation or other land cover type, but to use the map with SWAT, parameters have to be developed for the regional land cover types. The focus of SWAT simulations for the Arequipa Region was on hydrology, so only parameters related to water quantity were developed. Parameters that only affect water quality were kept as default for the base land cover category. This document explains how regional land cover database was created in two steps. Section 2 of this document explores the available land cover data, then in Section 3 equivalent SWAT land cover types were assigned to each original land cover type to serve as the basis for developing a local parameter set, and in Section 4, the parameters were modified to reflect how Peruvian land cover responds to local climate conditions, while Section 5 provides example of results for one land cover type. 



[bookmark: _Toc42188353]2. Available Land Cover Data
A regional land cover map of Arequipa Region, created for the Ecological and Economic Zoning (Zonificación Ecológica y Económica or ZEE) conducted by the Ministry of Environment (Ministerio de Ambiente) for all regions of Peru [1] (Figure 1). It includes three levels of classification, as listed in Table 1. 
[image: ]
Figure 1. ZEE map of land cover for the Arequipa Region (Gobierno Regional Arequipa, 2016)

Table 1. Land cover/ vegetation classification of the Arequipa Region [1] and (English translations in parentheses)
	Level I
	Level II
	Level III
	Area (ha)
	Area (%)

	Áreas Agrícolas (Agricultural areas)
	Cultivos Permanentes (Permanent crops)
	Cultivos Agrícolas (Agricultural crops) 
	151,574
	2.39

	Áreas Artificializadas (Artificialized areas)
	Áreas Urbanizadas (Urbanized Areas)
	Zonas Urbanas (Urban areas)
	20,417
	0.32

	Áreas Húmedas (Wet areas)
	Vegetación Asociada a Cuerpos de Agua (Vegetation associated with water)
	Bofedales (Peat bogs)
	219,588
	3.47

	
	
	Humedal Costero (Coastal Wetland)
	622
	0.01

	
	
	Monte Ribereño (Floodplain)
	34,327
	0.54

	Bosques y Áreas Mayormente Naturales (Forests and mostly natural areas)
	Áreas con Vegetación Herbácea y/o Arbustiva (Areas with herbaceous and/or shrubby vegetation)
	Césped de Puna (Puna grass)
	607,008
	9.59

	
	
	Lomas (Fog-watered vegetation)
	332,021
	5.24

	
	
	Matorral (Scrub)
	493,163
	7.79

	
	
	Pajonal (Scrubland)
	507,972
	8.02

	
	
	Tillandsia (Evergreen flowering plants)
	16,609
	0.26

	
	
	Tolares (Resinous shrub)
	714,632
	11.29

	
	
	Yaretales (High altitude shrubs)
	22,898
	0.36

	
	Áreas Sin o Con Poca Vegetación (Areas without or with little vegetation)
	Áreas con Vegetación Herbácea Veraniegas (Areas with summer herbaceous vegetation)
	445,338
	7.03

	
	
	Sin Vegetación (No vegetation)
	2,234,653
	35.29

	
	
	Vegetación de Suelos Crioturbados (Frozen soil vegetation)
	316,234
	4.99

	
	Bosques (Forest)
	Bosque de Lomas (Fog-watered forest)
	3,290
	0.05

	
	
	Queñuales (Polylepis)
	63,837
	1.01

	
	
	Cactaceas (Cactus)
	118,300
	1.87

	
	
	Puyas (Giant bromeliad)
	8,526
	0.13

	Superficies de Agua (Surface water)
	Aguas continentales (Waterbodies)
	Embalses (Reservoir)
	4,138
	0.07

	
	
	Lagunas (Lagoons)
	10,020
	0.16

	
	
	Salares (Salt)
	6,477
	0.10

	Total
	
	
	6,331,644
	99.98





[bookmark: _Toc42188354]3. SWAT Equivalent Land Cover
SWAT requires 44 parameters for each land cover type, which are shown in Appendix 1 and described at https://swat.tamu.edu/media/69341/ch14_input_plantdb.pdf. The database distributed with the SWAT model includes these parameters for the land cover types listed in Appendix 2. Therefore, the SWAT land cover database was used as starting point for local land cover database development. This section explains the process of selecting the SWAT equivalent to local classes at Level III.  The process included reviewing images, descriptions and consulting with experts in the region as explained in Sections 3.1 to 3.7. The identified equivalent land cover categories based on the terminology of the SWAT land cover database are shown in Table 2, column 3.
Table 2. SWAT equivalent land covers that serve as the basis for land cover parameters in the Arequipa Region (First two columns are repeated from Table 1) (English translations in parentheses)
	Level II
	Level III 
	Equivalent land cover (SWAT name)
(The basis for selecting these is described in sections 3.1 to 3.7).

	Cultivos Permanentes (Permanent crops)
	Cultivos Agrícolas (Agricultural crops) 
	Agricultural Land-Generic (AGRL)

	Áreas Urbanizadas (Urbanized Areas)
	Zonas Urbanas (Urban areas)
	Residential-High Density (URHD)

	Vegetación Asociada a Cuerpos de Agua (Water associated vegetation)
	Bofedales (Peat bogs)
	Wetlands-Non-Forested (WETN) 

	
	Humedal Costero (Coastal wetland)
	Wetlands-Non-Forested (WETN)

	
	Monte Ribereño (Floodplain)
	Wetlands-Forested (WETF)

	Áreas con Vegetación Herbácea y/o Arbustiva (Areas with herbaceous and/or shrubby vegetation)
	Césped de Puna (Puna grass)
	Shrubland (SHRB)

	
	Lomas (Fog-watered vegetation)
	Grassland (GRAS)

	
	Matorral (Scrub)
	Mixed Grassland/Shrubland (MIGS)

	
	Pajonal (Scrubland)
	Grassland (GRAS)

	
	Tillandsia (Evergreen flowering plants)
	Barren or Sparsely Vegetated (BSVG)

	
	Tolares (Resinous shrub)
	Shrubland (SHRB)

	
	Yaretales (High altitude shrubs)
	Shrubland (SHRB)

	Áreas Sin o Con Poca Vegetación (Areas without or with little vegetation)
	Áreas con Vegetación Herbácea Veraniegas (Areas with summer herbaceous vegetation)
	Herbaceous Tundra (TUHB)

	
	Sin Vegetación (No vegetation)
	Barren (BARR)

	
	Vegetación de Suelos Crioturbados (Frozen soil vegetation)
	Barren or Sparsely Vegetated (BSVG)

	Bosques (Forest)
	Bosque de Lomas (Fog-watered forest)
	Forest-Evergreen (FRSE)

	
	Queñuales (Polylepis)
	Forest-Evergreen (FRSE)

	
	Cactaceas (Cactus)
	Barren or Sparsely Vegetated (BSVG)

	
	Puyas (Giant bromeliad)
	Mixed Grassland/Shrubland (MIGS)

	Aguas continentales (Waterbodies)

	Embalses (Reservoir)
	Water (WATR)

	
	Lagunas (Lagoons)
	Water (WATR)

	
	Salares (Salt)
	Water (WATR)



[bookmark: _Toc42188355]3.1. Cultivos Permanentes (Permanent crops)
3.1.1. Cultivos Agrícolas (Agricultural crops)
SWAT has the following generic options to simulate agricultural lands; in addition, users can specify specific crops as listed in Appendix 2: 
· Agricultural Land-Generic (AGRL)
· Agricultural Land-Row Crops (AGRR) 
· Agricultural Land-Close-grown (AGRC)
Based on the land cover map of Arequipa, 2.39% of the region is covered by agricultural crop.  Field sizes are very small, however and the variety of crops grown is quite diverse. (Figure 2). Therefore, Agricultural Land-Generic (AGRL) was used as the base land cover category for agricultural lands in Arequipa Region. 
Specific crops (listed in Appendix 2) can be used, if users want to model specific region and have more detail about its crop types. 
[image: D:\Maps\Agricultural_crops_Arequipa.jpg]
Figure 2. Agricultural Lands in Arequipa Region, derived from the land cover map in Figure 1

[bookmark: _Toc42188356]3.2.  Áreas Urbanizadas (Urbanized Areas)
3.2.1. Zonas Urbanas (Urban areas)
SWAT has the following options to simulate Urban lands, depending on the ratio of impervious land and fraction of directly connected impervious land:
· Residential (URBN) 
· Residential-High Density (URHD) 
· Residential-Medium Density (URMD)
· Residential-Med/Low Density (URML)
· Residential-Low Density (URLD)
· Commercial (UCOM)
· Industrial (UIDU)
· Transportation (UTRN)
· Institutional (UINS)
Urban lands are mostly associated with the city of Arequipa (Figure 3), which is residential with high density. Therefore, Residential-High Density (URHD) was used in general for the entire region. However, depending of the study area, other urban lands can be used.
[image: U:\PC_Lab\Peru_Project\Data\Land_Cover\Arequipa_Urban_lands.jpg]
Figure 3. Urban lands in Arequipa Region, derived from the land cover map in Figure 1

[bookmark: _Toc42188357]3.3. Vegetación Asociada a Cuerpos de Agua (Vegetation associated with water)
3.3.1. Bofedales (Peat bogs)
The term “Bofedales” refers to high altitude wetland with underlying peat layers [3]. These small wetlands are humid and are considered as small native prairie [4,5]. Bofedales are traditionally used as sources of forage and water supply for livestock in high altitudes of Peru [3]. 
 [image: U:\PC_Lab\Peru_Project\SWAT_Projects\El_Frayle\Data\LandCover\Final_photos\Bofedals.jpg]
Figure 4. Bofedales in Callali, Arequipa [6]
SWAT has the following options for Wetlands:
· Wetlands-Non-Forested (WETN)  
· [bookmark: _Hlk20232482]Wetlands-Forested (WETF)
· Wetlands-Mixed (WETL)
Based on Bofedales’s definition and images, Wetland-Non-Forested (WETN) was used as the SWAT equivalent base land cover category. 
3.3.2. Humedal Costero (Coastal wetland)
Coastal wetlands form along the arid Pacific Coast of Peru around shallow bays, coastal lagoons, river mouths and estuaries (see Figure 5) [7]. Similar to Bofedales, Wetland-Non-Forested (WETN) was also used as the base land cover category for Humedal Costero. 
[image: U:\PC_Lab\Peru_Project\SWAT_Projects\El_Frayle\Data\LandCover\Final_photos\2-Humedal Costero.jpg] 
Figure 5. Humedal Costero in Chile [8]


3.3.3. Monte Ribereño (Floodplain) 
Monte Ribereño is translated as riparian mountains in English and refers to dense biomes (mostly trees and shrubs) grown on the banks of rivers and other waterways. Therefore,  Wetlands-Forested (WETF) was used as the base land cover category.[9].
[image: ]
Figure 6. Monte Ribereno [9]

[bookmark: _Toc42188358]3.4. Áreas con Vegetación Herbácea y/o Arbustiva (Areas with herbaceous and/or shrubby vegetation)
3.4.1. Césped de Puna (Puna grass)
Puna refers to the montane grassland and shrubland biome that is found in the central Andes Mountains of South America, including Peru [10]. There are two types of puna: wet/moist puna and dry puna. Southern regions of Peru are mostly covered by central Andean dry puna, dominated by shrublands and thickets of tola shrubs [10]. Therefore, Shrubland (SHRB) was used as its base SWAT equivalent land cover.
[image: U:\PC_Lab\Peru_Project\SWAT_Projects\El_Frayle\Data\LandCover\Final_photos\4-Puna Peru.jpg] 
Figure 7. Cesped de Puna [11]

3.4.2. Lomas (Fog-watered vegetation)
Loma is the Spanish term for “hills”, and refers to fog-watered pockets of vegetation in the coastal desert of Peru and northern Chile [12,13]. This isolated vegetation in arid deserts exists because of the moist dense fog and mist which rolls in from the Pacific [12]. Grassland (GRAS) was used as its base land cover category.
[image: ]
Figure 8. Lomas in protected area north of Lima [12]


3.4.3. Matorral (Scrub)
Matorral is a Spanish word for shrubland, thicket or bushes [14]. It refers to vegetated land, mostly covered by shrubs or bushes, and often includes grasses, herbaceous plants and geophytes [15]. Therefore, Mixed Grassland/Shrubland (MIGS) was used as its base land cover.
[image: ]
Figure 9. Springtime in Chilean matorral a few kilometers north of Santiago [14]
3.4.4. Pajonal (Scrubland)
Pajonal is characterized by dense clusters of tall grasses with hard leaves, known by the common name of ichus, whose species predominant are Stipa sp., Festuca orthophylla, Stipa ichu, Stipa feathery, etc. The plant stage is constituted by an abundant mixture of grasses and other herbs of perennial habitat [1]. Grassland (GRAS) was used as its base SWAT equivalent.
	[image: ]
Figure 10. Pajonal in Bolivia [16]
	[image: ]
Figure 11. Pajonal [17]





3.4.5. Tillandsia (Evergreen flowering plants)
Tillandsia refers to group of perennial flowering plants in the family Bromeliaceae with roughly 650 species [18]. Barren or Sparsely Vegetated (BSVG) was used as its SWAT equivalent.
[image: U:\PC_Lab\Peru_Project\SWAT_Projects\El_Frayle\Data\LandCover\Final_photos\Tillandsia_purpurea_(Pfendbach)_00433.jpg] 
Figure 12. Tillandsia [19]
3.4.6. Tolares (Resinous shrub)
Tolares refers to open herbaceous formations with a mixture of woody plants, among which Parastrephia lucida and Baccharis tricuneata called “tola” stand out, which have been used as fuel, especially by bakeries in the city of Arequipa [1]. Shrubland (SHRB) was used as its SWAT equivalent land cover.
[image: ]
Figure 13.Tolares (Figure 43 of the national plant cover map of Peru document [20])
3.4.7. Yaretales
Yaretales refers to shrubs that grow in high altitude arid regions of the Andes mountains. [1]. Similar to Tolares, Shrubland (SHRB) was used as SWAT equivalent land cover for Yaretales.
[image: ]
Figure 14. Peru Arequipa Colca Reserva National Salinas Yaretales [21]

[bookmark: _Toc42188359]3.5. Áreas Sin o Con Poca Vegetación (Areas without or with little vegetation)
3.5.1. Áreas con Vegetación Herbácea Veraniegas (Areas with summer herbaceous vegetation)
Based on its explanatory name, Herbaceous Tundra (TUHB) was used as its SWAT equivalent. 
3.5.2. Sin Vegetación (No vegetation)
It refers to bare lands (either in high or low altitudes), where no plant exists naturally [1]. Therefore, Barren (BARR) was used as its SWAT equivalent .
3.5.3. Vegetación de Suelos Crioturbados (Frozen soil vegetation)
It refers to vegetation at high altitude (extending 5,000 meter above the sea level) lands, that are covered with rocks and perennial snow on the ground. However, some Lichens can be observed on the rocks when they are not covered with snow. This vegetation might exist in several colors of yellow, orange, green or blue. It also includes some rose plants that grow flush [1]. Barren or Sparsely Vegetated (BSVG) was used as the base land cover.
[bookmark: _Toc42188360]3.6. Bosques (Forest)
3.6.1. Bosque de Lomas (Fog-watered forest)
Similar to the Lomas, these are areas where coastal fog is sufficient to support pockets of forested vegetation with the coastal desert.  Based on its explanatory name, Forest-Evergreen (FRSE) was used as its SWAT Equivalent. 


3.6.2. Queñuales (Polylepis)
It was translated as “Polylepis” in English and refers to complexes of native vegetation (including 28 shrub and tree species) in the mid, and high altitudes of the tropical Andes [22]. Therefore, Forest-Evergreen (FRSE) was used as its SWAT equivalent.
[image: U:\PC_Lab\Peru_Project\SWAT_Projects\El_Frayle\Data\LandCover\Final_photos\Quenuales_2.jpg]
Figure 15. Queñual in Puna, Peru [23]

3.6.3. Cactaceas (Cactus)
Barren or Sparsely Vegetated (BSVG) was used as SWAT equivalent for cactus.
3.6.4. Puyas
Puya is a type of the botanical family Bromeliaceae, subfamily Pitcairnioideae [24]. Mixed Grassland/Shrubland (MIGS) was used as its SWAT equivalent.
 [image: U:\PC_Lab\Peru_Project\SWAT_Projects\El_Frayle\Data\LandCover\Final_photos\Puya_Raimondii.JPG]
Figure 16. Puya [25]
[bookmark: _Toc42188361]3.7. Aguas continentals (Waterbodies)
There are three level III waterbodies in the ZEE land cover classification for Arequipa including: Embalses (Reservoir), Lagunas (Lagoons), and Salar (Salt).
SWAT has only one land cover for water (named WATR in database). It was used for all three forms of waterbodies in the Arequipa Region. 


[bookmark: _Toc42188362]4. Regionalization of Land Cover Parameters 
The SWAT default parameter values of selected equivalent land covers were used as the starting point for newly developed local land cover classes. Then parameters that control the seasonal growth cycle were adjusted to better reflect the characteristics of local land cover complexes. SWAT uses two sets of plant growth models depending on whether plants are seasonal or perennial [26]. Most of the land cover in the Arequipa Region is perennial, plants maintain their roots throughout the year, becoming dormant in the winter months. (See the description of how these are simulated differently in the SWAT Plant Database [27]). Therefore, three parameters that represent the seasonal growth cycle of perennial crops were updated, including: 1) minimum leaf area index (LAI) for the plant during the dormant period (ALAI_MIN), 2) maximum leaf area index (BLAI), and 3) optimal temperature for plant growth (T_OPT). Also for perennial land covers, SWAT allows roots to grow up to the maximum rooting depth provided for the soil and land cover, therefore modification of rooting depth was not needed.
The rest of this section explains the process for estimation of these three parameters and example results for Pajonal.
[bookmark: _Toc42188363]4.1. Leaf Area Index Parameters
The two LAI parameters, ALAI_MIN and BLAI, were estimated based on remote sensing for each land cover in four steps as shown in Figure 17:
1. Several locations where the land cover was dominant were selected (Figure 17-a)
2. LAI timeseries (4-day, 500 m resolution) for those locations were obtained from the Moderate Resolution Imaging Spectroradiometer (MODIS)/ Visible Infrared Imaging Radiometer Suite (VIIRS) subsets [28] (Figure 17-b). 
3. LAI were averaged for several years (e.g. 2010-2017) to obtain an average annual LAI cycle (Figure 17-c). 
4. Minimum LAI during dormant period (ALAI_MIN) and maximum LAI (BLAI) were obtained from the average LAI cycle as shown in Figure 17-c. 

[image: U:\PC_Lab\Peru_Project\SWAT_Projects\El_Frayle\Data\LandCover\Final\Figure_17_2.png]
Figure 17. The process to obtain BLAI and ALAI_MIN for Pajonal in Arequipa Region. (a) selected locations dominated by pajonal, (b) MODIS LAI timeseries of selected locations, and (c) average annual LAI cycle and estimated LAI parameters for pajonal

[bookmark: _Toc42188364]4.2. Optimal Temperature for Plant Growth
The optimal temperature for plant growth (T_OPT) was assumed to be the temperature where each land cover exists. Therefore, T_OPT was estimated in two steps based on the average annual temperature [29] of locations covered by each land cover, as shown in Figures 18 and 19:
1. The land cover map (Figure 18-a) was overlaid with the 30-years (1988-2017) average annual temperature map of Arequipa [29] (Figure 18-b) to obtain average temperature of pixels associated with each land cover (Figure 18-c). 
2. The average temperature of overlaid pixels (Figure 19) was obtained and used as optimal temperature of given land cover.

[image: U:\PC_Lab\Peru_Project\SWAT_Projects\El_Frayle\Data\LandCover\Final\Figure_18.png]
Figure 18. The process to obtain average temperature map of Pajonal
[image: ]
Figure 19. Screenshot of Pajonal temperature variation in the region and highlighted average temperature 
[bookmark: _Toc42188365]5. Sample Results 
The final result was a set of new local land covers. Figure 20 shows parameters in the SWAT database for pajonal (named “PJNL”) as an example. Highlighted parameters were modified (as described in section 4), while the rest of parameters were populated by values for Grassland (GRAS) that was used as its base SWAT equivalent.
[image: ]
Figure 20. Pajonal parameters in the SWAT database. highlighted parameters were modified to reflect seasonal growth cycle
This methodology was used for case study of El Frayle watershed in upstream of Chili River (Figure 21). Table 3 shows coverage of new classes in the watershed and values that were used for ALAI_MIN, BLAI, and T_OPT. modified parameters for four local vegetation are shown in bold.

[image: U:\PC_Lab\Peru_Project\SWAT_Projects\El_Frayle\Data\LandCover\Final\El_Frayle_Landcover_Map_methodology_Fig_21-crop.jpg]
Figure 21. Land cover map of El Frayle watershed

Table 3. New land covers and associated seasonal cycle parameters. Parameters that were adjusted for local vegetation are shown in bold.
	Local name
	Area (%)
	New SWAT land cover
	SWAT original land cover class
	Adjusted land cover parameters*

	
	
	
	
	ALAI_MIN
	BLAI
	T_OPT (°C)

	Bofedales
	4.7
	BFDL
	Wetlands-Non-Forested
	0
	6
	25

	Césped de Puna
	3.9
	CDPN
	Shrubland
	0.2
	1.5
	3.6

	Pajonal
	45.1
	PJNL
	Grassland
	0.1
	0.3
	3.45

	Tolares
	33.2
	TLRS
	Shrubland
	0.1
	0.75
	3.85

	Yaretales
	0.8
	YRTL
	Shrubland
	0.1
	0.2
	0.35

	Sin Vegetación
	10.6
	SNVG
	Barren
	0
	0.01
	25

	Vegetación de Suelos Crioturbados
	1.7
	VDSC
	Barren or sparsely vegetated
	0
	1.5
	25


*ALAI_MIN: minimum leaf area index during the dormant period; BLAI: maximum leaf area index; T_OPT: optimal temperature for plant growth
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Figure A1. Screenshot of SWAT parameters used to control the annual growth and water use for land cover types.
Table Al. Parameters in the land cover/plant growth database [2], listed in the order they are shown in Figure A1.  
	Parameter
	Min
	Max
	Definition

	Crop Type Parameters

	Crop Name
	
	
	The name of the land cover. (Note, not all are crops; they include barren and natural lands.) The 135 choices are listed in Appendix 2.

	CPNM
	
	
	4-letter code for each Crop Name

	IDC
	
	
	Categories of plants: Warm season annual legume, Cold season annual legume, Perennial legume, Warm season annual, Cold season annual, Perennial, or Trees 

	Op Schedule
	
	
	4-letter code for management practices operations 

	BIO_E
	10
	90
	Biomass/Energy Ratio.

	HVSTI
	0.01
	1.25
	Harvest index.

	BLAI
	0.5
	10
	Max leaf area index.

	FRGRW1
	0
	1
	Fraction of the plant growing season corresponding to the 1st. Point on the optimal leaf area development curve.

	LAIMX1
	0
	1
	Fraction of the max. leaf area index corresponding to the 1st. point on the optimal leaf area development curve.

	FRGRW2
	0
	1
	Fraction of the plant growing season corresponding to the 2nd. point on the optimal leaf area development curve.

	LAIMX2
	0
	1
	Fraction of the max. leaf area index corresponding to the 2nd. point on the optimal leaf area development curve.

	DLAI
	0.15
	1
	Fraction of growing season when leaf area starts declining.

	CHTMX
	0.1
	20
	Max canopy height.

	RDMX
	0
	3
	Max root depth. 

	T_OPT
	11
	38
	Optimal temp for plant growth. 

	T_BASE
	0
	18
	Min temp plant growth.

	CNYLD
	0.0015
	0.075
	Fraction of nitrogen in seed.

	CPYLD
	0.0001
	0.015
	Fraction of phosphorus in seed.

	BN1
	0.004
	0.07
	Fraction of N in plant at emergence.

	BN2
	0.002
	0.05
	Fraction of N in plant at 0.5 maturity.

	BN3
	0.001
	0.27
	Fraction of N in plant at maturity.

	BP1
	0.0005
	0.01
	Fraction of P at emergence.

	BP2
	0.0002
	0.007
	Fraction of P at 0.5 maturity.

	BP3
	0.0003
	0.0035
	Fraction of P at maturity.

	WSYF
	-0.2
	1.1
	Lower limit of harvest index.

	USLE_C
	0.001
	0.5
	Min value of USLE C factor applicable to the land cover/plant.

	GSI
	0
	5
	Max stomatal conductance (in drought condition).

	VPDFR
	1.5
	6
	Vapor pressure deficit corresponding to the fraction maximum stomatal conductance defined by FRGMAX

	FRGMAX
	0
	1
	Fraction of maximum stomatal conductance that is achievable at a high vapor pressure deficit.

	WAVP
	0
	50
	Rate of decline in radiation use efficiency per unit increase in vapor pressure deficit.

	CO2HI
	300
	1000
	Elevated CO2 atmospheric concentration.

	BIOEHI
	5
	100
	Biomass-energy ratio corresponding to the 2nd. point on the radiation use efficiency curve.

	RSDCO_PL
	0.01
	0.099
	Plant residue decomposition coefficient.

	ALAI_MIN
	0
	0.99
	Minimum leaf area index for plant during dormant period

	BIO_LEAF
	0
	1
	Fraction of tree biomass converted to residue during dormancy

	MAT_YRS
	0
	100
	Number of years required for tree species to reach full development

	BMX_TREES
	0
	5000
	Maximum biomass for a forest

	EXT_COEF
	0
	2
	Light extinction coefficient

	BM_DIEOFF
	0
	1
	Biomass die-off fraction

	Hydrological parameters

	OV_N
	0.01
	30
	Manning's "n" value for overland flow.

	CN2A
	25
	98
	SCS runoff curve number for moisture condition II.

	CN2B
	25
	98
	SCS runoff curve number for moisture condition II.

	CN2C
	25
	98
	SCS runoff curve number for moisture condition II.

	CN2D
	25
	98
	SCS runoff curve number for moisture condition II.




[bookmark: _Toc42188368]Appendix 2. List of crops that are available in SWAT database [2]


	· Agricultural Land-Close-Grown
	· Forest-Mixed
	· Red Clover

	· Agricultural Land-Generic
	· Garden or Canning Peas
	· Rice

	· Agricultural Land-Row Crops
	· Grain Sorghum
	· Rubber Trees

	· Alamo Switchgrass
	· Grarigue
	· Russian Wildrye

	· Alfalfa
	· Grassland
	· Rye

	· Almonds
	· Green Beans
	· Savanna

	· Alsike Clover
	· Hay
	· Septic Area

	· Altai Wildrye
	· Head Lettuce
	· Sesbania

	· Apple
	· Herbaceous Tundra
	· Shrubland

	· Asparagus
	· Herbaceous Wetland
	· Sideoats Grama

	· Bananas
	· Honey Mesquite
	· Slender Wheatgrass

	· Bare Ground Tundra
	· Honeydew Melon
	· Smooth Bromegrass

	· Barren or Sparsely Vegetated
	· Indiangrass
	· Snow or Ice

	· Barren
	· Irrigated Cropland And Pasture
	· Sorghum Hay

	· Bell Pepper
	· Italian (Annual) Ryegrass
	· Southwestern Us (Arid) Range

	· Bermudagrass
	· Johnsongrass
	· Soybean

	· Big Bluestem
	· Kentucky Bluegrass
	· Spinach

	· Broccoli
	· Lentils
	· Spring Barley

	· Cabbage
	· Lima Beans
	· Spring Canola-Argentine

	· Cantaloupe
	· Little Bluestem
	· Spring Canola-Polish

	· Carrot
	· Maple
	· Spring Wheat

	· Cashews
	· Meadow Bromegrass
	· Strawberry

	· Cassava
	· Mint
	· Sugarbeet

	· Cauliflower
	· Mixed Dryland/Irrigated Cropland
	· Sugarcane

	· Celery
	· Mixed Forest
	· Summer Pasture

	· Cockle Burr
	· Mixed Grassland/Shrubland
	· Sunflower

	· Cocoa Tree
	· Mixed Tundra
	· Sweet Corn

	· Coconut
	· Mung Beans
	· Sweetclover

	· Coffee
	· Oak
	· Sweetpotato

	· Corn
	· Oats
	· Tall Fescue

	· Corn Silage
	· Oil Palm
	· Timothy

	· Cowpeas
	· Olives
	· Tobacco

	· Crested Wheatgrass
	· Onion
	· Tomato

	· Cropland/Grassland Mosaic
	· Orange
	· Upland Cotton-Harvested With

	· Cropland/Woodland Mosaic
	· Orchard
	· Upland Cotton-Harvested With

	· Cucumber
	· Papayas
	· Vineyard

	· Deciduous Broadleaf Forest
	· Parthenium
	· Walnut

	· Deciduous Needleleaf Forest
	· Pasture
	· Water

	· Dryland Cropland And Pasture
	· Peanut
	· Water Bodies

	· Durum Wheat
	· Pearl Millet
	· Watermelon

	· Eastern Gamagrass
	· Peppers
	· Western Wheatgrass

	· Eggplant
	· Pine
	· Wetlands-Forested

	· Eragrostis Teff
	· Pineapple
	· Wetlands-Mixed

	· Eucalyptus
	· Pinto Beans
	· Wetlands-Non-Forested

	· Evergreen Broadleaf Forest
	· Plaintains
	· Willow

	· Evergreen Needleleaf Forest
	· Poplar
	· Winter Barley

	· Field Peas
	· Potato
	· Winter Pasture

	· Flax
	· Radish
	· Winter Wheat

	· Forest-Deciduous
	· Range-Brush
	· Wooded Tundra

	· Forest-Evergreen
	· Range-Grasses
	· Wooded Wetland





















1

image2.jpeg
B Cultivos Agricolas

90 45 0




image3.jpeg
20 45 0 90 km





image4.jpeg




image5.jpeg




image6.jpeg




image7.jpeg




image8.jpeg




image9.jpeg




image10.jpeg




image11.jpeg




image12.jpeg
i g





image13.png




image14.jpeg




image15.jpeg




image16.jpeg




image17.png
0.8

(b) oo P
i 0.4
0\“ Q\Q,»Q\\ P ILCLITIT L EELL

N Q
NNV VN N N N N O N VN VN U N O
AT AN QAN QTANT AN QAN QAN AN N A

(a) 03 (c)

—Averaged LAI for 3 locations

BLAI (2010-2017)
0.2
<
-
0.1 ALAI_MIN
I Pajonal
[J Arequipa Region
—— Streams 0
80 40 1-Jan 1-Mar ~ 30-Apr  29-Jun 28-Aug 27-Oct 26-Dec




image18.png
(a)

I Pajonal

Temperature
L High : 14.4

B Low: -39
80 40 0

(b)

Average annual temperature ('C)
oy High: 22.8

B Low 114





image19.png
Classification X

=
Method: Natural Breaks (Jenks) v 9741
Classes: |1 v -3.921235561
. 14.44546318

Data Exclusion 41,934,

Exdusion ...
2.958783468
100 [+ Show Std. Dev. Show Mean

BreakValues | %
1444546318

]

0
-3921235561  0.670439124 526211381 0853788495 144454631
Snap breaks to data values





image20.png
@ Lend Cover/Plant Growth Database Edit

Croptypes

Grain Sorghum
Grarigue
Green Beans
Hay

Head Lettuce
HERBACEOUS TUNDRA
HERBACEOUS WETLAND

Crop type Parameters
Crop Name CPNM (4 character)
Pajonal PINL
3 Op Schedule
Perenial v|  OCropis ferilized PAST
BIO_E(kgha)(My/m2)]  HVSTI [(kg/ha)/(kgha)]
£ 03 0.2
FRGRW1 (fraction) LAIMX] (fraction) CHTMX (m) ROMX (m)
0.05 01 1 2
FRGRW2 (fraction) LAIMX? (fraction) DLAI (heat units/heat units)
025 07 035
T_BASE(C) CNYLD(kg Nkgsesd)  CPYLD(kg Pkg

43 2 0016 0.0022
BN1 (kg Nkgbiomass)  BN2 (kg Nkgbiomass) B3 (kg Nikg biomass)
0.02 0012 0.005
BP1 (ko Pkgbiomass)  BP2 (kg Pkgbiomass) B3 (kg Phkg biomass)
0.0014 0.001 0.0007
WSYF [(kgha)llkgha)]  USLE.C GSI (mis) VPDFR (kPa)
03 0.003 0.005 4
FRGMAX (fraction) WAVP (rate) CO2HI (ullL) BIOEH| (ratio)
075 10 650 33
RSDCO_PL (fraction) BIO_LEAF (fraction)
0.05 0.13 o0
MAT_YRS (years) BMX_TREES (tonsha)  EXT_COEF EM_DIEOFF
o0 o0 o0 o0
Hydrological Parameters

VN SCS Runoff Curve Numbers

Manning’s N (roughness) A B c D

0.15 w 43 7 84 w

Add New

Save Edits

Cancel Edits





image21.jpeg
—— Streams
____ ElFrayle watershed
I:I Arequipa Region

100 50 0
N N

—— Streams

+ = Bofedales

" Cespedde Puna

- Pajonal

I Sin Vegetacion

Tolares

B Yaretales

2.7 Vegetacién de Suelos Crioturbados
Lagoons

I Reservoir

10 5 0 10 km




image22.png
@ Lend Cover/Plant Growth Database Edit - o x

Crop types Crop type Parameters.
Agrcutural LndOsegronn &
LandGe Crop Name 'CPNM (4 character)
hotouira Land Row Cros [BAREN OR SPARSLY VEGETATED BV
Aamo Swachrass oc Op Schedie
Amonds Perenrial v OCropisteriiizes  [SWAN
Asice Clover
At Viidye BIO_E(koha)(Min2)]  HVSTI (koha)lkghal]  BLAI(m2in2)
E:“" £ @ 5
BARE GROUND TUNDRA RO (o) LA (fractor) CHTMX (m) RDMX ()
BAREN OR SPARSLY 3 o1 T 2
Baren
Bl FRGRW2 (fraction) LAIMX2 (fraction) DLAI (heat units/heat units)
Bemudagess 025 07 035
B Buestem T_OPT(C) T_BASE(C) CNYLD(kgNkgsesd)  CPYLD(kg Pkg
Cabbage > B 016 o
|Cortaloupe BN1 (ko Nkgbiomass)  BN2(kg Nkgbiomass) N3 (kg Nkg biomass)
Cashens ooz o012 o005
Cassava
i BP1 (ko Phobiomass)  BP2 (kg Phobiomass)  BP (kg Phkg bomass)
Coery 000 oon 00007
| Gocke Bur VSYF [(kgha)ikgha)]  USLEC Sl (ms) VPDFR (kPa)
Gomons s 0003 3 0
(_nmee FRGMAX (fraction) WAVP (rate) (CO2HI (ulL) BIOEHI (ratio)
(Com Siage 075 0 60 B Add New
T hestgss RSDCO_PL (actor)  ALALMIN (m2im2) BIO_LEAF (factin)
(CROPLAND/GRASSLAND MOS | 005 0 0 Save Edits
|CROPLAND/WOODLAND MO
| Cucumber MAT_YRS (years) BMX_TREES (tons/ha) EXT_COEF. BM_DIEOFF
DECIDUOUS BROADLEAFFOF | [g 0 0 0 Cancel Edits
DECIDUOUS NEEDLELEAF FO
DRYLAND CROPLAND AND P/
Dunm Vet Hydrological Parameters Delete
Esstem Ganagrass
t OVN 'SCS Runoff Curve Numbers.
Excgrsis Teft ! o
Eucalyptus Manning's N (roughness) A B c D
[EVERGREEN BROADLEAF FOI
[EVERGREEN NEEDLELEAF FC 015 L0 2 &1 Ll 20 L0 Exit
Feld Peas v





image1.emf

