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1 We refer to goals related to identifying spatial priorities. 
2 Actions relate to no-take areas, multiple use zones, fisheries management/controls, restoration, etc. 
3 Includes actions in progress or that have been scheduled. 
4 Includes spatial allocation of gear/species restrictions, bag/size limits, temporal closures, etc. 
5 Includes maritime routes, industrial activities (e.g., oiling), etc. 



If you have some examples of the actions marked above, please include them here.  
 

 
 
 

 
5. What are the main factors6

 
 that have enabled/facilitated the spatial implementation of actions: 

1. 

2. 

3. 
  

6. What are the main factors that have constrained/limited the spatial implementation of actions: 
 

1. 

2. 

3. 
 

7. Aside from spatial implementation of actions, did planning help to (if yes, was it unanticipated?): 
 

Financial benefits YES Unanticipated NO 

Make better use of available conservation resources ��  ��  ��  

Create/maintain funding leverage to access more conservation resources ��  ��  ��  
Improve efficiency in the operations of organisations/agencies ��  ��  ��  

Social benefits YES Unanticipated NO 

Create a regional conservation approach/shared vision for conservation ��  ��  ��  
Improve collaboration/coordination between organisations/agencies ��  ��  ��  

Bring stakeholders together (that otherwise would not interact) ��  ��  ��  

Facilitate access and sharing of socioecological data between organisations/agencies ��  ��  ��  
Build trust among organisations/agencies ��  ��  ��  

Attitude benefits YES Unanticipated NO 

Raise awareness of biodiversity values and environmental problems ��  ��  ��  
Promote a positive attitude towards marine conservation ��  ��  ��  

Encourage stakeholders commitment to conservation actions ��  ��  ��  

Knowledge and skills benefits YES Unanticipated NO 

Synthesise existing data on ecological, social and cultural values ��  ��  ��  

Collect new knowledge on ecological or social values ��  ��  ��  

Build supporting scientific evidence for decision-making by organisations/agencies/partners ��  ��  ��  
Gain knowledge of new tools and concepts ��  ��  ��  

Improve conservation planning methods and theory (academic) ��  ��  ��  

Develop skills/expertise of organisations/agencies in conservation planning ��  ��  ��  
Apply personal learning in later planning exercises ��  ��  ��  

Apply institutional learning in later planning exercises ��  ��  ��  

Transfer conservation planning skills and knowledge to local communities/organisations ��  ��  ��  

Institutional benefits YES Unanticipated NO 

Standardise and/or have more rigorous planning processes ��  ��  ��  

Validate ongoing conservation actions/programmes ��  ��  ��  
Identify a portfolio of priority areas used by organisations/agencies/partners ��  ��  ��  

Meet regional/national/international commitments ��  ��  ��  

                                                      
6 Factors may refer to characteristics of the planning process and outputs, but also to the socioeconomic context in which implementation occurs. 



Influence conservation planning/strategies/actions by organisations/agencies/partners ��  ��  ��  

Facilitate the development/implementation of regional or local conservation strategies ��  ��  ��  

Create/maintain policy leverage to improve policies, laws, norms, codes, etc. ��  ��  ��  

Other: ��  ��  ��  
 

8. Has there been monitoring/assessment on the outcomes/effectiveness of implementing spatial actions of the plan? 
 

��  Yes  ��  No 
 

9. Has the plan been updated or are there intentions to update it? 
  

��  Yes  ��  No 
 

10. What are the main benefits of having multiple conservation plans for the Gulf of California? 
  

 
 
 

 
11. What are the main difficulties of having multiple conservation plans for the Gulf of California? 

  

 
 
 

 



Supplementary Material C4: Catchment model parameterisation and data preparation 

 

1. Catchment delineation 

 

Digital elevation model 

 

We used a 240m resolution hydrologically-corrected and pit-filled digital elevation model (DEM) to 

delineate streams. Accuracy in the delineation of the stream network was an important consideration 

in our study, since this process is particularly sensitive to flat areas, such as the coastal plains of the 

western coast of the Gulf of California. We used ArcHydro Tools1

 

 (ESRI 2009) to create a 

hydrologically-corrected and conditioned DEM that better represented the stream network. For this 

reason we decided to burn-in vector hydrography (CONABIO 2008) into the DEM following the 

AGREE method proposed by Hellweger (1997). However, in order to construct the floodplain grid 

(discussed below) we used an unmodified DEM. The Pit-Filler tool (provided with SedNet) was also 

used to remove artificial sinks from the DEM. The catchment delineation procedure in N-SPECT 

automatically uses the Fill command in ArcGIS to eliminate sinks. 

Catchment delineation 

 

Main considerations to define subcatchments size were: size of the planning domain (larger extents 

usually require larger analysis/planning units); subcatchments area (we aimed to minimise variance 

subcatchments size, important when using area as a proxy for catchment management costs because 

larger subcatchments may be disproportionately more costly), resolution of other datasets (1:250,000 

land cover and soil datasets were our main constraints); uncertainty in load estimates (larger 

catchments hold smaller uncertainty in the catchment model); and suitability for other purposes. For 

the latter, we intended on using subcatchments as planning units in prioritisation analysis using the 

conservation planning software Marxan. The number of analysis units strongly influence processing 

time; and shape uniformity can influence prioritisation results when clumping is used in Marxan.  

 

During the N-SPECT automated subcatchment delineation, the maximum value from the flow 

accumulation grid is multiplied by one of several predefined threshold values (0.03, 0.06, 0.1) to 

create small, medium or large subcatchments. This means that a small subcatchment is 3% of the 

maximum flow accumulation value, a medium subcatchment is 6% of the maximum flow 

accumulation value, and a large subcatchment is 10% of the maximum flow accumulation value. We 

used the ‘small’ subcatchment option, which resulted in 27 subcatchments with mean size of 3774km2 

(385 to 8652km2). For SedNet, we compared different subcatchments delineations based on 

permutations of drainage area thresholds – DAT (40, 50 and 60 km2) and minimum first-order stream 

                                                   
1 ArcHydro functionality within ArcGIS is used to delineate watershed areas and calculate the flow direction and accumulation grids. 



length threshold – SLT (1 and 2km). The combination we used, based on considerations such as 

subcatchment size and resolution of datasets, was DAT = 40km2 and SLT = 1km, which resulted in 

1,655 subcatchments, with a mean size of ~60 km2 (STD = 39 km2). An additional set of stream 

network parameters are: channel width coefficient, channel width area exponent and channel width 

slope exponent. We used default values (6.04, 0.26 and 0, respectively) because we did not have 

information to justify using different values. 

 

An inevitable problem when defining catchments using DAT > 40km2 is that many small coastal 

catchments (where land use is dominated by urban and cropland and can be significant sources of 

pollutants) were not delineated. The selected parameters still resulted in a few small coastal 

catchments not being delineated. An analysis of the potential contributions of pollutants from these 

small coastal catchment revealed that their degree of influence was not important, and therefore they 

were excluded from subsequent analyses. If deemed necessary (e.g., under different circumstances or 

in a fine-grained analysis), this limitation could be addressed by generating a mask of those areas and 

multiply the runoff raster by RUSLE parameters and nutrient concentration rasters to calculate the 

additional loads. This problem is handled by N-SPECT during catchment delineation, thus small 

coastal catchments are also incorporated into subsequent analysis. 

  

2. Land cover/vegetation 

 

Landcover classes 

 

The selected landcover datasets (SEMARNAT-UNAM 2002) have been used in previous erosion and 

landcover change studies (SEMARNAT-UACH 2002; Velázquez et al. 2002). Lower level 

classification levels (i.e., vegetation type and community) was required to classify types grouped 

under “other cover/vegetation types” at the formation level (see Table 1). Errors in the assignment of 

classes at the formation level are relatively small in comparison with the higher uncertainty in lower 

classes (e.g., sub-formation and vegetation type) and for these reasons it is not recommended to use 

lower classes for land cover change models at this scale (Velázquez et al. 2002). 

 

Vegetation cover 

 

The cover factor reduces the soil loss estimate according to the effectiveness of vegetation at 

preventing detachment and transport of soil particles. Values vary between 0 and 1, with higher values 

representing low cover, i.e., areas that are more prone to erosion. We decided not to use the C values 

tabulated in SEMARNAT-UACH (2002) for the following reasons: the values provided did not 

include all the landcover classes defined for our study, there were differences between the classes 

(even within the same study (e.g. scrub/brush classes); the map was only available for INEGI Series II 



(1993), and to keep it as close as possible to the values used in other regional studies (e.g., 

Mesoamerica: Burke & Sugg 2006); if consistently used it can be useful for comparing areas. 

 
Table 1. Landcover formation classes and corresponding vegetation types and communities 

  
ID Landcover class Formation Sub-formation  Vegetation type Community 

1 Urban Otras coberturas 
Asentamiento 
humano Asentamiento humano Asentamiento humano 

2 - 6 Cropland Cultivos Cultivos 

Agricultura de riego y 
humedad 
Agricultura de temporal 
Plantación forestal 

Agricultura de riego 
Agricultura de humedad 
Riego suspendido 
Agricultura de temporal 

7 Pasture 
Pastizales 
inducidos y 
cultivados 

Pastizales 
inducidos y 
cultivados 

Pastizales inducidos y 
cultivados 

Pastizal inducido 
Pastizal cultivado 
Sabana 

8 Grassland Pastizal natural Pastizal natural Pastizal natural 
Pastizal natural 
Pradera de alta montana 

9 Woodland Bosques 
Bosques 
Bosques 
secundarios 

Bosque de coníferas 
Bosque de coníferas y 
latifoliadas 
Bosque de latifoliadas 
Bosque mesofilo de montana 

Bosque de pino 
Bosque de pino-encino 
Bosque de oyamel 
Bosque de encino 
Bosque bajo-abierto 
Bosque de tascate 
Bosque mesofilo de montana 

10 Rain forest Selvas 
Selvas 
Selvas secundarias 

Selva caducifolia y 
subcaducifolia 
Selva perennifolia y 
subperennifolia 

Matorral subtropical 
Selva baja subperennifolia 
Selva baja caducifolia y subcaducifolia 
Selva baja espinosa 
Selva mediana caducifolia y 
subcaducifolia 

11 Dry forest Selvas Selvas 
Selvas secundarias 

Selva caducifolia y 
subcaducifolia 

Matorral subtropical  
Selva baja espinosa 
Chaparral (Matorral)  

12 Palm forest 
Otros tipos de 
vegetación 

Otras coberturas 
de vegetación 

Otros tipos de vegetación Palmar 

13 Scrub/Shrub Matorral  Matorral Matorral xerófilo 
Mezquital 

Matorral desértico rosetofilo 
Matorral desértico microfilo 
Matorral rosetofilo costero 
Matorral sarcocaule 
Matorral crasicaule 
Matorral sarcocrasicaule 
Matorral sarcocrasicaule de neblina 
Matorral submontano 
Mezquital  

14 Halophytic 
Otros tipos de 
vegetación 

Otras coberturas 
de vegetación 

Otros tipos de vegetación Vegetación halófila y gipsofila 

15 Wetland 
Vegetación 
hidrófila  

Otras coberturas 
de vegetación Vegetación hidrófila 

Vegetación de galería 
Popal-tular 
Manglar 

16 Dunes 
Otros tipos de 
vegetación 

Otras coberturas 
de vegetación 

Otros tipos de vegetación 
Vegetación de dunas costeras 
Vegetación de desiertos arenosos 
(matorral)  

17 Bare land 
Otros tipos de 
vegetación 

Otras coberturas 
de vegetación 

Área sin vegetación 
aparente Área sin vegetación aparente 

18 Water Otras coberturas Cuerpo de agua Cuerpo de agua Cuerpo de agua 

Green text indicates the classification level used to define the landcover class. 

Orange text indicates communities that were re-classified under a different formation (for the purpose of this study) based on hydrological characteristics. 

 

3. Riparian vegetation 

 



Due to technical requirements/costs, riparian vegetation has been traditionally mapped at fine scales 

for local studies based on on-site and remote sensed (mostly aerial photography) data (Congalton et al. 

2002; Etienne 1997). Thus, spatial data is commonly not available or consistent for regional or 

national scale studies. Differences in mapping accuracy were evident in class mismatches between 

different periods of our land use time series, e.g., areas classified as woodland was also classified as 

dry forest and scrub/shrub in subsequent datasets.  

 

Due to inconsistencies between landcover datasets for the “riparian vegetation” class we decided to 

create a new map for this class. First, we combined the polygons identified as riparian vegetation (i.e., 

bosque de galeria) from each of the 3 periods (1976, 1993, and 2000) of the time series. Then, we 

buffered (80m) the delineated stream network (see above) and used it to clip polygons corresponding 

to natural tree-cover vegetation classes (i.e., bosque, selva, palmar, hidrofila). Finally, we combined 

both layers into a single layer that represents the maximum extent of current (2000) riparian vegetation 

for the study region. For the purpose of modelling sediment trapping, this approach to map riparian 

vegetation is appropriate (Wilkinson et al. 2008), but improved maps and standardised methods to map 

riparian vegetation at regional scales for future studies are needed. 

 

4. Soils 

 

Hydrologic group 

 

There are four HSG groups ranging from soils with high infiltration capacity (A), e.g., high sand 

content, to soils characterised by a very slow rate of water transmission (D), e.g., with high clay 

content (Table 2). For Mexico CNA (1987) proposes a corresponding HSG value based on FAO soil 

types (Table 3). 

 
Table 2. Classification of soils types in terms of HSG. 

HSG Soil Texture Soil Group Characteristics 

A 
Sand, loamy sand, 

or sandy loam 

 Soils having high infiltration rates, even when thoroughly wetted and consisting chiefly of deep, well-

drained to excessively drained sands or gravels. These soils have a high rate of water transmission.   

B Silt loam or loam 

Soils having moderate infiltration rates when thoroughly wetted and consisting chiefly of moderately 

deep to deep, and moderately fine to moderately coarse textures. These soils havea moderate rate of water 

transmission.   

C Sandy clay loam 

 Soils having slow infiltration rates when thoroughly wetted and consisting chiefly of soils with a layer 

that impedes downward movement of water, or soils with moderately fine to fine texture. These soils 

have a slow rate of water transmission.   

D 

Clay loam, silty 

clay loam, sandy 

clay, silty clay, or 

clay 

 Soils having very slow infiltration rates when thoroughly wetted and consisting chiefly of clay soils with 

a high swelling potential, soils with a permanent high water table, soils with a claypan or clay layer at or 

near the surface, and shallow soils over nearly impervious material. These soils have a very slow rate of 

water transmission.   

 



Table 3. HSG values based on soil types found in Mexico 
 

         
KEY UNIT  HSG KEY UNIT  HSG KEY UNIT  HSG 

Ao Acrisoles órticos C Fh Ferrasoles húmicos D We Planosoles éutricos D 

Af Acrisoles férricos D Fa Ferrasoles acrícos D Wd Planosoles dístricos D 

Ah Acrisoles húmicos C Fp Ferrasoles plínticos D Wm Planosoles mólicos D 

Ap Acrisoles plínticos C Je Fluvisoles eútricos B Wh Planosoles húmicos D 

Ag Acrisoles gléicos D Jc Fluvisoles calcáreos B Ws Planosoles solódicos D 

To Andasoles ócricos A-B Jd Fluvisoles dístricos B Wx Planosoles gélicos D 

Tm Andasoles móticos A-B Jt Fluvisoles tiónicos B Dg Podzoluvisol gléico B 

Th Andasoles húmicos A-B Jg Fluvisoles gléyicos C Dd Podzoluvisol dístrico B 

Tv Andasoles vítricos A-B Ge Gleysoles eútricos D De Podzoluvisol eútrico B 

Qf Arenosoles ferráticos A-B Gc Gleysoles calcáreos D LL  Ranker C 

Ql Arenosoles lúvicos A-B Gd Gleysoles dístricos D Re Regosoles eútricos B 

Qc Arenosoles cámbicos B Gm Gleysoles mólicos D Rc Regosoles calcáreos B 

Qa Arenosoles álbicos A-B Gh Gleysoles húmicos D Rd Regosoles dístricos B 

Bd Cambisoles dístricos D Gp Gleysoles plínticos D Rx Regosoles gélicos D 

Be Cambisoles eútricos C Oe Hístosoles eútricos D E Rendzinas C 

Bh Cambisoles húmicos C Od Hístosoles dístricos D Zo Solochaks órticos D 

Bg Cambisoles gléicos D Ox Hístosoles gélicos D Zm Solochaks mólicos D 

Bx Cambisoles gélicos D I Litosoles D Zt Solochaks taquíricos D 

Bk Cambisoles cálcicos C Lo Luvisoles órticos C-D Zg Solochaks gléicos D 

Bc Cambisoles crómicos C Lc Luvisoles crómicos C-D So Solonetz órticos D 

Bv Cambisoles vérticos D Lk Luvisoles cálcicos C-D Sm Solonetz mólicos D 

Bf Cambisoles ferrálicos C Lv Luvisoles vérticos C-D Sg Solonetz gléicos D 

Kh Kastanozems háplicos C-D Lf  Luvisoles férricos C-D Sa Solonetz álbico D 

Kk Kastanozems cálcicos C-D La Luvisoles álbicos C-D Vp Vertisoles pélicos C-D 

KI Kastanozems lúvicos C-D Lp Luvisoles plínticos C-D Vc Vertisoles crómicos C-D 

Cl Chermozen lúvico C Lg Luvisoles gléicos C-D Xh Xerosoles háplicos B-C 

Ck Chermozen cálcico B Ne Nitosoles eútricos C Xk Xerosoles cálcicos B-C 

Ch Chermozen háplico B Nd Nitosoles dístricos C Xo Xerosoles gípsicos B-C 

Hh Phaeozems háplicos C Nh Nitosoles húmicos C Xl  Xerosoles lúvicos D 

Hc Phaeozems calcáreos C Po Podzoles órticos A-B Yh Yermosoles háplicos C 

Hl Phaeozems lúvicos C Ph Podzoles húmicos A-B Yk Yermosoles cálcicos C 

Hg Phaeozems gléicos D Pp Podzoles plácicos A-B Yg Yermosoles gípsicos C 

Fo Ferrasoles órticos D Pg Podzoles gléicos A-B Yl  Yermosoles lúvicos D 

Fx Ferrasoles xánticos D Pp Podzoles plácicos A-B Yt Yermosoles taquirícos D 

Fr Ferrasoles ródicos D Pg Podzoles gléicos A-B       

 

  



Erodibility 

 

SEMARNAT-UACH (2002) compared the 3 methods (Wischmeier and Mannering equation; 

Wischmeier Nomogram, based on laboratory work with 134 soil samples covering all soil types in all 

climatic regions; and FAO method using INEGI soil types and texture maps), the study found 

significant differences in the values and concluded none is accurate or performs better than the others 

but decided using FAO while better estimations are developed. We calculated erodibility using K-

factor values summarised by SEMARNAT-UACH (2002), based on the method proposed by FAO 

(1980); see Table 4. 

 

For soils with multiple horizons, CNA (1991) suggests a weighted sum of K-factors, assuming the first 

soil horizon (S1) represents 60% and the second (S2) 40% (i.e., K = S1K-value *0.6 + S2K-value *0.4); 

if 3 horizons2

 

 are represented in the soil the assumed percentages are 50%, 30% and 20%, respectively 

(i.e., K = S1K-value*0.5 + S2K-value*0.3 + S2K-value*0.2). When a polygon is over water, units do 

not contain k-factor or hydrologic soil group data and thus were assigned a value of zero (and HSG: 

D); other examples of this situation also occur with urban soils, in this case a K value of 0.30 was 

used. 

  

                                                   
2 INEGI 1:1,000,000 map was used; the layer contains data for 3 soil horizons, which allows to calculate a more precise K (weighted) value 



Table 4. Soil erodibility (K-factor) corresponding to each soil type-texture combination 

  

Soil type Coarse Medium Fine Soil type Coarse Medium Fine 
A  0.026 0.04 0.013 Lo  0.026 0.04 0.013 

Af  0.013 0.02 0.007 Lp  0.053 0.079 0.026 
Ag  0.026 0.04 0.013 Lv  0.053 0.079 0.026 

Ah  0.013 0.02 0.007 M (a,g)  0.026 0.04 0.013 

Ao  0.026 0.04 0.013 N (d.e.h)  0.013 0.02 0.007 

Ap  0.053 0.079 0.026 O (d,e,x)  0.013 0.02 0.007 

B  0.026 0.04 0.013 P  0.053 0.079 0.026 

Bc  0.026 0.04 0.013 Pf  0.053 0.079 0.026 
Bd  0.026 0.04 0.013 Pg  0.053 0.079 0.026 

Be  0.026 0.04 0.013 Ph  0.026 0.04 0.013 

Bf  0.013 0.02 0.007 PI  0.026 0.04 0.013 
Bg  0.026 0.04 0.013 Po  0.053 0.079 0.026 

Bh  0.013 0.02 0.007 Pp  0.053 0.079 0.026 

BK  0.026 0.04 0.013 Q (a,c,f,l)  0.013 0.02 0.007 

Bv  0.053 0.079 0.026 R  0.026 0.04 0.013 

Bx  0.053 0.079 0.026 Re  0.026 0.04 0.013 
C (g, h, k, l)  0.013 0.02 0.007 Rc  0.013 0.02 0.007 

D (d, e, g)  0.053 0.079 0.026 Rd  0.026 0.04 0.013 

E  0.013 0.02 0.007 Rx  0.053 0.079 0.026 

F (a,h,o,p,r,x)  0.013 0.02 0.007 S  0.053 0.079 0.026 

G  0.026 0.04 0.013 Sg  0.053 0.079 0.026 

Gc  0.013 0.02 0.007 Sm  0.026 0.04 0.013 

Gd  0.026 0.04 0.013 So  0.053 0.079 0.026 

Ge  0.026 0.04 0.013 T  0.026 0.04 0.013 

Gh  0.013 0.02 0.007 Th  0.013 0.02 0.007 

Gm  0.013 0.02 0.007 Tm  0.013 0.02 0.007 

GP  0.053 0.079 0.026 To  0.026 0.04 0.013 

Gx  0.053 0.079 0.026 Tv  0.026 0.04 0.013 

Gv  0.053 0.079 0.026 U  0.013 0.02 0.007 
H (c,g,h,l)  0.013 0.02 0.007 V (c,p)  0.053 0.079 0.026 

I  0.013 0.02 0.007 W  0.053 0.079 0.026 

J  0.026 0.04 0.013 Wd  0.053 0.079 0.026 

Jc  0.013 0.02 0.007 We  0.053 0.079 0.026 

Jd  0.026 0.04 0.013 Wh  0.026 0.04 0.013 

Je  0.026 0.04 0.013 Wm  0.026 0.04 0.013 

Jt  0.053 0.079 0.026 Ws  0.053 0.079 0.026 
Jp  0.053 0.079 0.026 Wx  0.053 0.079 0.026 

K (h,K,l)  0.026 0.04 0.013 X (h,k,l,y)  0.053 0.079 0.026 

L  0.026 0.04 0.013 Y (h,k,l,y,t)  0.053 0.079 0.026 

La  0.053 0.079 0.026 Z  0.026 0.04 0.013 

Lc  0.026 0.04 0.013 Zg  0.26 0.04 0.013 

Lf  0.013 0.02 0.007 Zm  0.013 0.02 0.007 

Lg  0.026 0.04 0.013 Zo  0.026 0.04 0.013 

Lk  0.026 0.4 0.013 Zt  0.056 0.079 0.026 

 

  



Curve numbers 

  

We adjusted the CN value corresponding to each landcover class based on the standard SCS 

classification (C-CAP). Usually water is assigned with a 0 (zero) value, but some studies assign 100 

instead (N-SPECT default is zero). For example, urban (high intensity development) class [A/89, 

B/92, C/94, D/95] have higher CN values than woods (good) class [A/30, B/55, C/70, D/77]. We 

considered that natural vegetation covers as having good hydrological condition, except low evergreen 

tropical forest (fair) and dry tropical forest (poor). CN are assigned within N-SPECT by overlaying the 

landcover and soil HSG grids (NOAA 2008). We used ArcCN-Runoff extension of ArcGIS (Zhan & 

Huang 2004) to independently determine CN and compare them with values used in other studies 

using the same methodology in catchment within our study region (Hernández-Guzmán et al. 2008). 

 

Landcover crosswalk criteria and rationale 

 

Urban.- Not possible to distinguish different development levels at the study scale; an average of the 

HSG/CN numbers for the 3 major components of urban areas was calculated (streets and roads, urban 

districts and residential districts); the average of high and medium-intensity developed was used 

(NOAA 2008, USDA 1986). 

 

Cropland.- Not possible to distinguish different crop classes at the study scale; an average of the 

HSG/CN values for all cultivated land classes was calculated; cover factor was calculated as the 

average of C values [from a study on hydrological erosion  in Mexico (SEMARNAT-UACH 2002)] of 

major crops existing in the study area, weighted to reflect their relative importance in terms of 

cultivated surface at regional scale. Note: If data is available the general (i.e., average) 

"crops/cultivos" value can be modified and adjusted to reflect the proportional surface that different 

crops occupy within the region or each study section (i.e., catchment/basin/catchment group). 

 

Pasture (induced/culrivated grassland).- The HSG/CN values for  pasture, grassland or range - 

continuous forage for grazing (fair condition) were used (USDA 1986); cover value was taken from a 

study on hydrological erosion  in Mexico (SEMARNAT-UACH 2002). 

 

Grassland (natural grassland).- The HSG/CN values for  pasture, grassland or range - continuous 

forage for grazing (good condition) were used (USDA 1986); cover value was taken from default N-

SPECT values (Note: The value for grasslands from the study on hydrological erosion  in Mexico 

(SEMARNAT-UACH 2002) included urban green areas, so it was decided not to use that value). 

 

Halophyte vegetation.- The HSG/CN values for herbaceous - mixture of grass, weeds, and low-

growing brush, with brush the minor elements (fair) were used (USDA 1986); CN for "A" HSG type 



was not available, preliminary this was calculated as the average of desert shrub. The C factor value 

used was the same as for natural grasslands (SEMARNAT-UACH 2002). 

 

Woodland.- It was not possible to distinguish different woodland types (or vegetation cover levels) 

with confidence in available land cover time series; all wood classes were aggregated into woods 

(good condition) and are presented in a single class. The HSG/CN values for woods (good condition) 

were used (USDA 1986); cover value was calculated as the average for all corresponding wood types 

(i.e., oak, pine, conifers) from a study on hydrological erosion  in Mexico (SEMARNAT-UACH 

2002). 

 

Tropical forest.- The HSG/CN values for woods (fair condition) were used (USDA 1986); cover 

value corresponds to low evergreen tropical forest (selva baja perenifolia) class derived from a study 

on hydrological erosion  in Mexico (SEMARNAT-UACH 2002). 

 

Dry tropical forest.- The HSG/CN values for woods (poor) were used (USDA 1986); cover value 

corresponds to low dry/thorn tropical forest (selva baja espinosa) class derived from a study on 

hydrological erosion  in Mexico (SEMARNAT-UACH 2002). This vegetation type could be more 

similar to some types of the scrub/shrub that to tropical forest. 

 

Scrub/shrub.- The HSG/CN values for desert shrub - major plants in class include saltbush, 

greasewood, creosotebush, blackbrush, bursage, palo verde, mesquite, and cactus - (good) were used 

(USDA 1986); cover value was calculated as the average for all desert scrub/shrub types from a study 

on hydrological erosion  in Mexico (SEMARNAT-UACH 2002). 

 

Palm vegetation.- The HSG/CN values for brush (good) was used; cover-factor was maintained 

(NOAA 2008, USDA 1986). 

 

Wetland.- The HSG/CN and cover factor values for Estuarine Forested Wetland were used  (NOAA 

2008, USDA 1986). 

 

Dunes, water and bare land.- The default values included in N-SPECT were used (NOAA 2008, 

USDA 1986). 

 

5. Floodplains 

 

Valley bottoms function as hydrological buffers that significantly affect runoff behaviour. 

Distinguishing valley bottoms from hillslope is an important first step in identifying and characterising 

sediment deposits for hydrologic and geomorphic purposes. We used CLASS software (CSIRO-CRC 



2005) and our 240m DEM to identify valley bottoms (Teng et al. 2005). The algorithm operates at a 

range of scales and combines the results at different scales into a single multi-resolution index 

(MrVBf). Based on Wilkinson et al. (2009) we selected those areas with MrVBf �•���������D�V���S�R�W�H�Q�W�L�D�O��

floodplains. Further processing of the floodplain grid involved delimiting the presence of potential 

floodplains to the areas along rivers by using 2.5km (1st and 2nd order streams) and 5km (3rd order and 

higher) buffers around the stream network (as modelled within Sednet) to clip it. 

 

6. Pollutant event mean concentrations (EMC) used in catchment models 

  

Studies varied significantly in the methods used (although many didn’t report methods at all), the 

constituents reported (most studies included N, but both TN and TP were commonly reported 

constituents, and only a few were comprehensive in reporting different fractions, including Din, DIP, 

DON and DOP). When not directly reported, we calculated TN or TP, as well as DIN and DIP, based 

on reported fractions. In many cases it was not possible to know if reported values were true EMC or 

other types of concentrations (see Bartley et al. 2011 for definitions and methods for estimating EMC). 

 

Following, we present a summary of the values used for modelling in N-SPECT and SedNet (Table 

5), as well as the rational underlying our selection/calculation of values. We incorporated the 

concentrations used to construct management/best practices scenarios. These values were set to 

represent maximum potential reductions in nutrient runoff based on reported reductions from 

literature. For cropland classes, the value represents a reduction of 40% in EMC concentrations 

following fertilizer best practices. Since potential reductions are higher for areas were fertilizer use is 

more intense, we gradually reduced concentrations to match the cropland class (very high: 40%; high: 

30%; moderate: 20%; Low: 10%; Very low: 5% reduction). We assumed that agricultural practices 

will have minor effects on DON and DOP concentration and thus EMC values for these fractions were 

not modified. For urban areas it corresponds to a maximum 20% reduction. For pasture, the considered 

management practices possibly have minor impact on nutrient concentrations, but can help to reduce 

erosion; same as for agriculture (these modifications were incorporated by modifying the 3

 

cover factor 

“C’ used in RUSLE). 

Rationale for selection/calculation of EMC values 

 

Urban: We selected high density residential/dense urban, because most areas classified as urban areas 

in the land-cover/vegetation maps correspond to these classes and industrial/commercial, not to rural 

or sparse urban areas. When data was not available for the nutrient fraction/constituent we used 

                                                   
3 Cover factor was also used to modify the weighting surface when projecting potential erosion from new urban areas under development. 
Since erosion from existing urban areas is relatively small, the cover factor assigned for past and current scenarios is relatively small; 
however, erosion in areas under development can be significant, so the highest C factor (i.e., bare land = 0.700) was assigned to these areas. 
For best management practices, we assumed a maximum reduction of 30% from cropland and 20% from pasture, thus used 0.1827 and 
0.184, respectively. 



aggregated values as noted. Since this class is the one with higher EMC values, we consider this to be 

an adequate/conservative approach. However, a nation-wide study in the USA shows that differences 

between classes are minimal and not significant. Also, since many urban areas have "deficient" 

sewage systems, we would expect that using a class with relatively higher EMC values would partially 

compensate for the lack of point source data. 

 

Cropland (5 classes): There are significant differences in EMC values from different crops, mostly as 

a result from differences in fertilizer use. Since we don’t have a map that identifies the crop types 

within the cropland classes for each period (1973, 1993 and 2000), we overlaid a map that classifies 

municipalities based on the average use of agrochemicals (fertilizers and pesticides) in five levels, 

from very low to very high (SEMARNAT-INE 2000) with the cropland areas from each land cover 

map. We used this classification as a proxy for fertilizer use and to subdivide the class corresponding 

to cropland in five subclasses. Following, we calculated the 50th, 60th, 70th, 80th, and 90th percentiles of 

all the available EMC values to represent the classes with different levels of fertilizer/agrochemicals 

use. When calculated values were the same for different cropland classes or when values were lower 

than those for natural vegetation classes, these were adjusted accordingly. 

 

Grassland (natural grasslands): We used the median value of vegetation identified as natural 

grasslands of the full dataset, except in cases when data was not available for a particular constituent 

or when values between natural and modified/human-induced grasslands were minimal or inverted 

(i.e., higher for natural conditions). For both the Australian and North American datasets, this class 

sometimes also contained cattle grazed areas. For the USA it includes grassland/herbaceous, and for 

Australia it includes savannah woodland/ dryland sheep/cattle grazing in natural conditions, all of 

which have a dominant grassland understory. 

 

Pasture (modified/induced grasslands): We used the median value of vegetation identified as 

modified grasslands of the full dataset, except in cases when data was not available for a particular 

constituent or when values between natural and modified/human-induced grasslands were minimal or 

inverted (i.e., higher for natural conditions). Classes in the USA include pasture/hay, and for Australia, 

it also includes dairy cow pasture grazing and intensive grazing areas. 

 

Forests: Due to difficulty in matching/cross-walking our land cover/vegetation classes to diverse 

forest classes reported in EMC studies and to high similarity and inconsistencies in the variation in 

EMC values between different types of forests for different constituents we decided to aggregate EMC 

values for all types of forests, including dry scrub/shrub and xeric vegetation. We thus assign 

gradually lower values, starting from temperate forests, down to xeric/desert environments, based on 

calculated percentiles (i.e., 90th to 25th). Higher values correspond to woodlands (temperate coniferous 

and mixed forest), followed by rainforests (humid tropical forests), dry forests (thorn forests and 



bushland), and scrub/shrub (xeric desert and semi-desert vegetation). We assigned the values of “rain 

forest” to “palm forest” due to its proximity and due to the minimal area that it occupies within the 

study region. Until we have more information specific for Mexico, this could be considered a working 

hypothesis to be tested using local experimental/observational data. 

 

Although we would expect that erosion in areas with poor vegetation cover (e.g, scrub-shrub, xeric 

vegetation), would be important and therefore particulate nutrient concentrations would be higher, 

studies indicate that arid and xeric environments tend to export significantly less nutrients than 

temperate and rain forests (Perakis & Hedin 2002; Smith et al. 2003). Smith et al. (2003) estimated 

natural background concentrations for vegetation types that correspond fairly well with vegetation 

classes in our study region and showed that those corresponding to arid environments are significantly 

lower than those corresponding to temperate forests.  

 

Other land cover/vegetation classes: Information for EMC values for other land cover/vegetation 

classes (e.g., wetlands, coastal dunes) was very scarce and values very contrasting. Considering they 

represent a minor portion of the region and that expected nutrient runoff from these areas is very low, 

either because runoff is very low or because they act like reservoirs for nutrients from upstream 

sources, we set values to zero for these classes. In contrast, values for bare/exposed land (i.e., cleared 

areas, mostly for urban or agricultural areas) were set high based on available studies, mostly only 

form North American studies. 

  

  



Table 5. Nutrient runoff concentrations (mg/L) used for catchment models in the Gulf of California 
region 

 
Grey numbers are the maximum and minimum values contained in the reviewed studies. 
 
Red numbers indicate the criteria to assign values were adjusted, e.g., when percentile values were the same for different classes. 

 
Class TN DIN  DON TP DIP/FRP DOP 

Urban 

4

2.020 / 1.616 

All (median high 
density residential) 

(1.200-2.220) 

All (median high 
density residential) 
0.794 / 0.635 
(0.200-1.650) 

5

0.300 / 0.240 

AUS (median 
aggregated) 

(0.270-0.300) 

All (median high 
density residential) 
0.470 / 0.376 
(0.200-0.570) 

All (median high 
density residential) 
0.312 / 0.2496 
(0.143-0.480) 

AUS (median 
aggregated) 
0.014 / 0.011 
(0.010-0.020) 

Cropland 
(5 classes) 

All (50th to 90th 
percentiles) 

Very high…6.438/3.863 
High……...5.409/3.786 
Moderate....3.806/3.045 
Low……....2.680/2.412 
Very low….2.340/2.223 
(1.100-41.497) 

All (50th to 90th 
percentiles) 
Very high...1.500/0.900 
High….….1.047/0.733 
Moderate...0.850/0.680 
Low.…….0.750/0.675 
Very low...0.700/0.665 
(0.369-2.000) 

AUS (50th to 90th 
percentiles) 

Very high...0.300 
High…..…0.275 
Moderate...0.250 
Low……...0.200 
Very low.…0.200 

(0.200-0.502) 

All  (50th to 90th 
percentiles) 
Very high....1.348/0.809 
High…..….1.134/0.794 
Moderate…0.420/0.336 
Low………0.371/0.334 
Very low….0.340/0.323 

(0.140-2.294) 

All (ad hoc values) 
Very high....0.090/0.060 
High…..…0.080/0.056 
Moderate…0.070/0.055 
Low………0.060/0.054 
Very low.…0.050/0.048 

(0.010-0.100) 

All  (50th to 90th 
percentiles) 

Very high....0.025 
High……...0.020 
Moderate…0.020 
Low………0.019 
Very low….0.014 

(0.002-0.027) 

Pasture 
All (modified) 
2.235 
(1.100-2.480) 

All (modified) 
0.399 
(0.188-0.610) 

AUS – all classes 
(90th) 
0.327 
(0.118-0.360) 

All (modified) 
0.355 
(0.120-0.480) 

All (both) 
0.033 
(0.013-0.050) 

AUS - 1 value 
(modified) 
0.017 

Grassland 
All (natural) 
1.086 
(0.120-2.100) 

All (natural) 
0.190 
(0.160-0.200) 

AUS – all classes 
(50th) 
0.225 
(0.118-0.360) 

All (natural) 
0.277 
(0.010-0.350) 

All ( 6

0.033 
both) 

(0.013-0.050) 

AUS (natural) 
0.011 
(0.010-0.012) 

Woodland 

All (all classes 
including scrub/shrub: 
90th percentile) 
0.700 
(0.050-0.830) 

All (all classes 
including scrub/shrub: 
90th percentile) 
0.170 
(0.040-0.180) 

AUS (all classes 
including scrub/shrub: 
90th percentile) 
0.227 
(0.072-0.257) 

All (all classes 
including scrub/shrub: 
90th percentile) 
0.052 
(0.006-0.070) 

All (all classes 
including scrub/shrub: 
90th percentile) 
0.037 
(0.004-0.050) 

AUS (all classes 
including scrub/shrub: 
90th percentile) 
0.013 
(0.005-0.016) 

Rainforest 

All (all classes 
including scrub/shrub: 
75th percentile) 
0.669 
(0.050-0.830) 

All (all classes 
including scrub/shrub: 
75th percentile) 
0.134 
(0.040-0.180) 

AUS (all classes 
including scrub/shrub: 
75th percentile) 
0.208 
(0.072-0.257) 

All (all classes 
including scrub/shrub: 
75th percentile) 
0.043 
(0.006-0.070) 

All (all classes 
including scrub/shrub: 
75th percentile) 
0.028 
(0.004-0.050) 

AUS (all classes 
including scrub/shrub: 
75th percentile) 
0.010 
(0.005-0.016) 

Dry forest/ 
Palm forest 

All (all classes 
including scrub/shrub: 
50th percentile) 
0.501 
(0.050-0.830) 

All (all classes 
including scrub/shrub: 
50th percentile) 
0.100 
(0.040-0.180) 

AUS (all classes 
including scrub/shrub: 
90th percentile) 
0.150 
(0.072-0.257) 

All (all classes 
including scrub/shrub: 
50th percentile) 
0.020 
(0.006-0.070) 

All (all classes 
including scrub/shrub: 
50th percentile) 
0.010 
(0.004-0.050) 

AUS (all classes 
including scrub/shrub: 
25th percentile) 
0.009 
(0.005-0.016) 

Scrub-
Shrub/ 
Halophytic 

All (all classes 
including scrub/shrub: 
25th percentile) 
0.222 
(0.050-0.830) 

All (all classes 
including scrub/shrub: 
90th percentile) 
0.051 
(0.040-0.180) 

AUS (all classes 
including scrub/shrub: 
90th percentile) 
0.110 
(0.072-0.257) 

All (all classes 
including scrub/shrub: 
25th percentile) 
0.011 
(0.006-0.070) 

All (all c lasses 
including scrub/shrub: 
75th percentile) 
0.007 
(0.004-0.050) 

AUS (all classes 
including scrub/shrub: 
10th percentile) 
0.007 
(0.005-0.016) 

Wetland / 
Water 

0 0 0 0 0 0 

Dunes 0 0 0 0 0 0 

Bare land 
NA 
1.500 
(0.970-7.550) 

NA 
0.665 
(0.540-0.790) 

0 
NA 
0.200 
(0.100-0.590) 

NA 
0.030 
(Only value) 

0 

 
Reviewed studies for EMC values 

 

Adamus & Bergman (1995); Mean runoff concentrations; Reference: Adamus, C. L. and M. J. Bergman (1995). "Estimating Nonpoint 

Source Pollution Loads with a GIS Screening Model." Journal of the American Water Resources Association 31(4): 647-655. 

Baird & Jennings (1996); EMC median values; Reference: Baird, C. and M. Jennings (1996). Characterization of nonpoint sources and 

loadings to Corpus Christi Bay National Estuary Program Study Area. Austin, Texas, Texas Natural Resource Conservation 

Commission. 

Bartley & Spears (2010; 2011); EMC median values (>90% indicated land use); Reference: Bartley R, Speirs W, Ellis T, Waters DK. 2011. 

A review of sediment and nutrient concentration data from Australia for use in catchment water quality models. Marine Pollution 

Bulletin . 

Bartley & Spears (2010; 2011); EMC median values; Reference: Bartley R, Speirs W, Ellis T, Waters DK. 2011. A review of sediment and 

nutrient concentration data from Australia for use in catchment water quality models. Marine Pollution Bulletin . 

                                                   
4 All = Values used were taken from full dataset, which included mostly studies from North America and Australia. 
 
5 AUS = When values were not available from North American studies or were not reliable or corrected (e.g., for forested areas where 
atmospheric deposition is expected to be high and therefore values were much higher than those reported for pristine systems), values from 
Australia and Americas (not USA) were used. 
 
6 Values for natural grassland and pasture were very similar (higher for grassland), so we used the same value for both. 



Brodie & Mitchell (2005): We calculated average from ranges): Reference: Brodie J, Mitchell A. 2005. Nutrients in Australian tropical 

rivers: changes with agricultural development and implications for receiving environments. Marine and Freshwater Research 56: 279-

302 

Brodie et al. (2003); EMC 80th percentile values; Reference: Brodie J, McKergow LA, Prosser IP, Furnas M, Hughes AR, Hunter H. 2003. 

Sources of Sediment and Nutrient Exports to the Great Barrier Reef World Heritage Area ACTFR Report No. 03/11, Australian Centre 

for Tropical Freshwater Research, James Cook University - CSIRO Land and Water, Townsville, QLD. 

Cogle et al. (2006); EMC mean values; Reference: Cogle AL, Carroll C, Sherman BS, eds. 2006. The use of SedNet and ANNEX models to 

guide GBR catchment sediment and nutrient target setting. Queensland, Australia: Department of Natural Resources, Mines and Water. 

Ellis et al. (2005); EMC median values (full dataset); Reference: Ellis T, Bartley R, Rahman J, Weber T, Henderson A, et al. 2005. 

Application of two water quality models as a Decision Support system (DSS) within the Douglas Shire, CSIRO Land and Water, 

Canberra, ACT. 

EPA (1983); EMC 90th percentile values; Reference: U.S. Environmental Protection Agency (EPA). 1983. Results of the Nationwide Urban 

Runoff Program, Volume I - Final Report. Water Planning Division, Washington, D.C. 

EPA (1983); EMC median values; Reference: U.S. Environmental Protection Agency (EPA). 1983. Results of the Nationwide Urban Runoff 

Program, Volume I - Final Report. Water Planning Division, Washington, D.C. 

Furnas (2003): EMC median concentrations; Reference: Brodie J, Mitchell A. 2005. Nutrients in Australian tropical rivers: changes with 

agricultural development and implications for receiving environments. Marine and Freshwater Research 56: 279-302. 

Hollinger & Cornish (2002); EMC median values; Reference: Drewry JJ, Newham LTH, Greene RSB, Jakeman AJ, Croke BFW. 2006. A 

review of nitrogen and phosphorus export to waterways: context for catchment modelling. Marine and Freshwater Research 57: 757-74. 

Lewis et al. (2002): References: Lewis WM, Melack JM, McDowell WH, McClain M, Richey JE. 1999. Nitrogen yields from undisturbed 

watersheds in the Americas. Biogeochemistry 46: 149-62; and Lewis WM. 2002. Yield of nitrogen from minimally disturbed watersheds 

of the United States. Biogeochemistry 57: 375-85. 

Line et al. (2002); EMC mean values; Reference: Line DE, White NM, Osmond DL, Jennings GD, Mojonnier CB. 2002. Pollutant Export 

from Various Land Uses in the Upper Neuse River Basin. Water Environment Research 74: 100-08. 

Line et al. (2002); EMC median values; Reference: Line DE, White NM, Osmond DL, Jennings GD, Mojonnier CB. 2002. Pollutant Export 

from Various Land Uses in the Upper Neuse River Basin. Water Environment Research 74: 100-08. 

L-THIA (default values): EMC values; Reference: Nejadhashemi AP, Mankin KR. 2007. Comparison of Four Water Quality Models 

(STEPL, PLOAD, L-THIA, and AVSWAT-X) in Simulating Sediment and Nutrient Dynamics in a Watershed. Presented at ASABE 

Annual International Meeting, Minneapolis, Minnesota 

Meixler & Bain (2010): EMC values taken from other studies and adjusted; Reference: Meixler M, Bain M. 2010. A Water Quality Model 

for Regional Stream Assessment and Conservation Strategy Development. Environmental Management 45: 868-80. 

Moller et al. (2005): concentrations; Reference: Moller A, Kaiser K, Guggenberger G. 2005. Dissolved organic carbon and nitrogen in 

precipitation, throughfall, soil solution, and stream water of the tropical highlands in northern Thailand. Journal of Plant Nutrition and 

Soil Science-Zeitschrift Fur Pflanzenernahrung Und Bodenkunde 168: 649-59. 

Nelson et al. (1006); EMC median values; Reference: Drewry JJ, Newham LTH, Greene RSB, Jakeman AJ, Croke BFW. 2006. A review of 

nitrogen and phosphorus export to waterways: context for catchment modelling. Marine and Freshwater Research 57: 757-74. 

Newell et al. (1992); EMC median values; Reference: Newell, C.J., H.S. Rifai, and P.B. Bedient. 1992. Characterization of Non-Point 

Sources and Loadings to Galveston Bay. Publication GBNEP-15, Galveston Bay National Estuary Program, Webster, Texas. 

N-SPECT (default values): EMC values; Reference: NOAA. 2008. Nonpoint-Source Pollution and Erosion Comparison Tool (N-SPECT): 

Technical Guide, Ver. 1.5 (NOAA/CSC/RPT 08-5), National Oceanic and Atmospheric Administration (NOAA), Coastal Services 

Center, Charleston, SC 

Omernick (1977) - Central: EMC values; Reference: Omernik JM. 1977. Nonpoint source-stream nutrient level relationships: a nationwide 

study, U.S. EPA Report No. EPA-600/3-77-105, U.S. Environmental Protection Agency, Corvallis, Oregon 

Omernick (1977) - East: EMC values; Reference: Omernik JM. 1977. Nonpoint source-stream nutrient level relationships: a nationwide 

study, U.S. EPA Report No. EPA-600/3-77-105, U.S. Environmental Protection Agency, Corvallis, Oregon 

Omernick (1977) - West: EMC values; Reference: Omernik JM. 1977. Nonpoint source-stream nutrient level relationships: a nationwide 

study, U.S. EPA Report No. EPA-600/3-77-105, U.S. Environmental Protection Agency, Corvallis, Oregon 

Perakis & Hedin (2002): Perakis SS, Hedin LO. 2002. Nitrogen loss from unpolluted South American forests mainly via dissolved organic 

compounds. Nature 415: 416-19. 

PLOAD (default values): EMC values; Reference: Nejadhashemi AP, Mankin KR. 2007. Comparison of Four Water Quality Models 

(STEPL, PLOAD, L-THIA, and AVSWAT-X) in Simulating Sediment and Nutrient Dynamics in a Watershed. Presented at ASABE 

Annual International Meeting, Minneapolis, Minnesota 



Smith et al. (2003): Modelled natural background concentrations for nutrient ecoregions; Reference: Smith RA, Alexander RB, Schwarz GE. 

2003. Natural background concentrations of nutrients in streams and rivers of the conterminous United States. Environmental Science & 

Technology 37: 3039-47. 

Smullen et al. (1999): EMC mean values; Reference: Smullen JT, Shallcross AL, Cave KA. 1999. Updating the U.S. nationwide urban runoff 

quality database. Water Science Technology 39: 9-16. 

Smullen et al. (1999): EMC median values; Reference: Smullen JT, Shallcross AL, Cave KA. 1999. Updating the U.S. nationwide urban 

runoff quality database. Water Science Technology 39: 9-16. 

Strager (2000); EMC mean values; Reference: Strager MP, Fletcher JJ, Yuill CB, Strager JM. 2000. Not in my watershed! An interactive 

tool to evaluate land use changes on stream water quality. Presented at ESRI International Conference Proceedings, Redlands, CA. 

 

7. Rainfall and precipitation settings 

 

Precipitation 

 

In N-SPECT rainfall is used directly to calculate runoff depth based on the Curve Number method 

(Eslinger et al. 2005). SedNet uses rainfall when regionalising runoff at subcatchment level 

(Wilkinson et al. 2008). While it is possible to estimate event-based or monthly runoff in N-SPECT it 

is preferable to work with annual mean (NOAA 2008). It is also advisable to use a layer built from 

monthly and annual rainfall records for stations which has been interpolated as grids based on 

precipitation records and the WorldClim dataset fits this criterion. In order to use this grid in N-

SPECT we resampled the grid to 240m and converted units into inches [P(in) = P(mm)*(0.03937)]. 

  

Rain days 

 

This parameter represents the average number of days/year that have rain events that produce runoff 

and is used to adjust the initial abstraction – Ia7

 

 (i.e., water retained in depressions, taken up by 

vegetation, evaporated and infiltrated) to account for multiple-event rainfall over the course of a year 

(Eslinger et al. 2005). This parameter is not entered into the model as a spatially-variable grid and is 

set as a single value for each run. Due to the size of the study region and  variation in rainfall/runoff 

associated with the marked climatic variability within the region (Figure 1), we  divided the study 

region in three sections and calculated this value for each of three sections of the model domain, 

defined based on the CN equation (USDA 1986). Modelling individual sections provided significantly 

better results, but increased processing time and required multiple trials to adjust values for each 

section to ensure that modelled runoff values were within observed values for gauges within each 

section and for the whole catchment when integrating upstream and/or downstream sections. 

We calculated the mean (35 days) and standard deviation (16 days) of runoff days for all the basins 

together, and calculated runoff results based on Mean and Mean - 1STD. Based on the results of this 

first comparison, we calibrated the model by adding and subtracting days to get the best fit possible. 
                                                   
7 Ia consists of interception, initial infiltration, surface depression storage, evapotranspiration, and other factors, was generalized as 0.2S 
based on data from agricultural watersheds (S is the potential maximum retention after runoff begins). 
 



The Mean - 1STD (19 days) actually gave a very good fit, but we slightly adjusted to improve fit (18 

days). Then we calculated this value for sections, accounting for natural variability in runoff days, 

based on variance of this parameter across subcatchments, and grouping these trying to minimise 

variance and the number of sections to be modelled separately. Based on the estimated rainfall days 

(all basins), we calculated changes in runoff by adding/subtracting days, which in turn we used as a 

reference to calibrate8

 

 the model (Figure 1). 

Figure 1. Comparative analyses for calibration of the runoff rain days parameter 

 

 

 

                                                   
8 It isn’t recommended that users simply adjust this value to calibrate N-SPECT to local conditions, but users are encouraged to employ 
creative methods to accurately reflect spatial variation in raining days. 
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Following are the steps to calculate the number of rain days that produce runoff, based on the CN 

equations:  

  

Create curve number layer: Use ArcCN-Runoff extension (Zhan & Huang 2004) to create a curve 

number surface based on land cover (1 for each year), soil type (HSG from INEGI) and the cross-

walked CN/HSG table developed based on the USDA reference values. Convert CN field to FLOAT, 

and convert to Raster (240m, snapped to DEM240Agree). 

 

Calculate Runoff Depth – Q (mm): Based on CNA’s annual mean runoff (runoff values for a few 

coastal catchments were not available) – and reported catchment area – calculate runoff  in a new field 

(FLOAT) depth based on the following equation: Q = runoff/catchment area; first, units were 

transformed into m3. The value can be directly compared with CONABIO’s “Annual Q” isolines map, 

which ix expressed in mm. The map broadly matched the isolines map. Convert to Raster. 

 

Interpolate Runoff Depth surface: In order to fill in the catchment without data, and to “smooth” the 

borders between different catchment for further calculations an interpolated surface was created. First, 

we created random points within each catchment, proportional to catchment area. Then, we used the 

random points to extract values from Runoff Depth raster. Finally, with the points, we interpolated a 

continuous surface using Krigging interpolation (default values).\ 

 

Complete CNA’s catchment layer: Based on the planning domain coastline (only land), create a 

complete layer of catchments, using CNA’s catchment boundaries. This layer will be then sued to 

summarize data to calculate runoff (based on interpolated layer), abstraction and retention average 

values for each catchment. 
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Create average values for each catchment: Using Zonal Statistics (as table) to calculate the average 

values for: 
 

�ƒ Runoff (based on interpolated surface) – Q (mm) 

�ƒ Annual precipitation (original Worldclim dataset) – P (mm) 

 

Calculate retention and abstraction: Based on CN raster, calculate the following: 
 

�ƒ Soil retention (mm): S=((1000/CN)-10)*24.5 

�ƒ Initial abstraction (mm):  Ia=(0.2*S) 

 

Average catchment values were calculated following two different approaches and compared: 
  

�ƒ First, the interpolated runoff raster, original annual precipitation, and calculated retention and 

abstraction were used to calculate runoff rain days for each cell using the formula shown below; 

Zonal Stats based on catchment was then used to calculate average value for each catchment: 

�ƒ Second: Based on original layers (not average/catchment) calculate  

�ƒ Following, join calculates tables based on catchment ID to “Complete CNN catchment” layer, and 

export as new Shapefile with the new statistics values for each variable. 

 

Raindays_cell = ([Runoff_krg] / [abstraction76]) * (1 + ([retention76] / ([ppt_goc] * [abstraction76]))) 

  

Calculate annual runoff days: Finally, based on average runoff and rainfall values, calculate the 

number of rain days that produce runoff using the following equations: 

 

�ƒ Runoff days (annual): *R = (Q/Ia) x (1 + (S/(P x Ia))) 

�ƒ Q = Annual runoff depth (we used the maximum runoff depth based on the annual natural runoff at 

for each catchment from CNA database (2008), validated with a coarse-scale national isolines map) 

�ƒ P = Annual precipitation (mm) 

�ƒ S = ((1000/CN) – 10)*24.5; soil retention (mm) 

  

The equation for runoff days was derived from USDA curve number equation for annual runoff depth: 

 

8. Rainfall erosivity  

 

The erosivity (R factor) has been shown to be the index most highly correlated to soil loss at many 

sites throughout the world. It refers to the sum of individual storm E1-values for a year averaged over 

long time periods (> 20 years) to accommodate apparent cyclical rainfall patterns. The E1 term is an 

abbreviation for energy multiplied by the maximum intensity in 30min (Renard & Freimund 1994). 

 



In absence of detailed and long-term information an approach to estimate erosivity at regional and 

national scales is to regionalize the parameter based on precipitation distribution and occurrence 

characteristics (duration, intensity, number of events) according to historical record available from 

climatological stations (Diodato & Bellocchi 2007; Mikhailova et al. 1997; Millward & Mersey 1999). 

Estimation relations established for similar climatic zones could be considerably in error, and the 

predicted soil loss may be far from exact, but they may be the best available for at least assessing the 

erosion potential or relative erosion rates from different conditions or soils (Renard & Freimund 

1994). In Mexico, Cortés-Torres (1991) typified this parameter for 14 regions (based on data from 53 

climatological stations and 4-11 years) and developed a regression equation for each region, based on 

annual precipitation based on the following general second order regression equation: 

 

2PBPAR �˜���˜�  

 

Where: R is the erosivity factor [MJ mm/(ha h)/year]; A and B are the estimated coefficients for the 

regression equations and P is annual precipitation [mm/year]. Erosivity units can be converted into the 

US system (as required by N-SPECT) by dividing R by 17.2. 

 

SEMARNAT-UACH (2002) made a validation and revision of the equations proposed by Cortés-

Torres (1991) and updated by Figueroa et al. (1991) based on updated data and introducing 

topography, and propose to use the original equations to some regions, use the equations form some 

regions on other that are closely related or use a general equation instead [originally proposed by 

Cortés-Torres (1991) as a general equation for Mexico] for those regions where major differences 

were found in their analyses (Figure 2). 

 

We used the 1km annual precipitation grid to estimate the R-factor based on the regionalized erosivity 

map and regression equations proposed by Cortés-Torres (1991), as updated by Figueroa et al. (1991) 

and modified by SEMARNAT-UACH (2002). Five of the 14 erosivity regions described by Cortés-

Torres (1991) occur within our study region; Table 6 shows the regression equations, as well as the 

calculated R2. Once each erosivity was calculated for each section according to revised formulas, 

layers were merged and the new layer was randomly sampled to produce a new “smoothed” erosivity 

surface to avoid abrupt changes between sections (sampling points were distributed proportionally 

within each erosivity section, based on area; i.e., #pts = Area (km2)/100; 100 out of the total 19,550 

points fell outside the raster and were eliminated). The new surface was calculated based on Kriging 

interpolation. 

 

  



Figure 2. Erosivity regions of Mexico 

 
 

 

 

Table 6. Regionalised regression equations used to calculate erosivity 

 

Region Equation# R2 

II  3.45552 · P + 0.006470 · P2 0.93 

IV  2.89594 · P + 0.002983 · P2 0.92 

VI 6.68471 · P + 0.001680 · P2 0.90 

V, VII  0.71508 · P1.30751 0.88 

X 6.89375 · P + 0.000442 · P2 0.95 

 

9. Evapotranspiration 

 

We compared the application of two different evapotranspiration datasets. The first was modelled 

based on the Turc method, using global high-resolution (30 arc seconds) climate dataset (Hijmans et 

al. 2005) available online from WorldClim (http://worldclim.org/). The data required to estimate PET 

based on another commonly used method (e.g., Priestley-Taylor) was not available. We used the 

Global Potential Evapotranspiration (Global-PET) dataset (available online from CGIAR: 

http://www.cgiar-csi.org), calculated based on the Hargreaves evapotranspiration equation (Trabucco 

et al. 2008) using WorldClim datasets. This method has been recommended for regional applications 

of PET (Lu et al. 2005). 

 



The equations to estimate evapotranspiration based on the above mentioned methods are: 

 

a) Turc-method 

 

E = P / [ SQRT(0.9 + ( POWER(P,2) / POWER(L,2) ) ) ] 

L = 300 + ( 25 * T ) + 0.05 * POWER(T,3) 

 

E: Evapotranspiration (mm) 

P: Annual mean precipitation (mm) 

T: Mean annual temperature (°C) 

 

b) Global-PET (Hargreaves 1994) 

 

PET = 0.0023 x RA x (T + 17.8) x TD0.5 

 

PET: Potential evapotranspiration (mm/month) 

T: Mean temperature (C°) 

TD: Daily temperature range (C°) 

RA: Extra-terrestrial radiation on top of atmosphere as equivalent of evaporation (mm/month) 

 

The following graphs shows a good fit between mean annual runoff coefficient (Rc) and PET/P, based 

on the selected PET dataset (E* = 0.7759). 

 

 

 

 

 

 

10. Hydrometric data processing 



We used monthly and daily records from gauging stations data contained in the BANDAS database 

(IMTA 2010). We selected 232 stations (11 for Yaqui) based on the number of years recorded (�•������

years, 15 years for areas with few stations) and continuity of records (�•�������\�H�D�U�V���R�I���F�R�Q�W�L�Q�X�R�X�V���U�H�F�R�U�G�V�� 

in order to obtain reliable discharge estimates (Wilkinson et al. 2006). To calculate unregulated and 

regulated scenarios in SedNet we divided the dataset on two sections: unregulated and regulated (i.e., 

stations were flow is affected by reservoir). Records from gauge stations that preceded dam 

construction/operation were identified as unregulated, while records that spanned the periods before 

and after dam started operating were divided. We also identified stations with TSS records and 

summarised annual sediment loads using monthly data. Due to inaccuracies in the database, manual 

verification of the geographic position of each gauge station was required to validate its position in 

relation to the mapped river network (CONABIO 2008) and to adjust its location when needed. 

 

Following are the steps for gauge data preparation: 
 

�x Download Mexico’s gauge stations full catalogue (2,248 gauge stations). 
 

http://www.imta.gob.mx/index.php?option=com_wrapper&view=wrapper&Itemid=145 
 

�x Eliminate stations with no geographic data and those located in the USA (1,563 stations). 
 

�x Map stations and eliminate those located outside Mexico or in the sea (1,551 stations). 
 

�x Clip to planning domain, based on coastal catchment boundaries (323 stations). 
 

�x Identify stations that can potentially be used for regionalization analysis (232 stations). 
 

��  Verify number of years recorded: select stations with minimum 20 years (15 years for areas 

with few stations) and assign a record score9

�� Continuity of records: preferably select stations with �•�������\�H�D�U�V���R�I���F�R�Q�W�L�Q�X�R�X�V���U�H�F�R�U�G�V

; based on this criterion we eliminated  
10; and 

>300 days accurate recording/year (verify w/Sednet) to get a reasonable mean discharge 

estimate; stations that did not fulfill these criteria were eliminated11

��  Identify regulated and un-regulated stations

 (259 stations). 
12

��  Mark stations with predominantly old records (i.e., <mean #years – STD); for areas were large 

reservoirs exist, consider including the unregulated portion of records from gauges downstream 

of where reservoirs now exist. 

, and classify them based on upstream reservoir(s) 

size. 

                                                   
9 REC_SCORE: 1 = �•������������� ���>����-20); 3 = [10-15); 4 = <10 years); deleted stations, i.e., stations w/records under 20 or 15 years are identified 
as set 2. 
 

10 10_YEARS:  �•�������\�H�D�U�V���R�I���F�R�Q�W�L�Q�X�R�X�V���U�H�F�R�U�G�V = 1; <10 years = 0; deleted stations are identified as set 1. 
11 Monte Carlo simulation could be used to create a distribution to fill in the blanks for stations with few records, and because daily records 
are needed, estimate these from monthly or annual flows. A daily rainfall/runoff model might be also appropriate, but that would require 
calibration. In the first instance these gauges should be excluded from the analysis. 
 

12 REGULATED:0 = No reservoirs; 1 = Very large; 2 = Large; 3 = Medium ; and 4 = Small reservoirs 



��  Daily discharge records (not monthly or annual); MAF regionalization could take a daily time-

series =1/30*monthly discharge if required. However, bank erosion and more especially 

floodplain deposition may be less accurate using this approach. 
 

�x Sort stations in two groups (unregulated and regulated flow datasets): Identify and mark as 

regulated stations those located downstream of large (>10 has, 0.1 km2) reservoirs (however, if 

pre-reservoir records, these portion can be included in the unregulated folder – in this case the 

shapefiles of unregulated and regulated should both have the reservoir gauge point included). 
 

Data transformation: ID = (SD x 86400) x 0.001 

SD = Bandas Source Data (m3/s) 

ID = SedNet Input Data (Ml/day) 
 

�x Identify double/segmented records (e.g., stations measuring flow from left/right margins of the 

river/reservoir; relocated stations). 
 

�x Identify gauge stations that also have records for TSS (sediment sampling0. 
 

�x Identify any location problems in gauge location (based on original coordinates); If any problems 

are encountered based on the drainage area comparison in Sednet, explore the station‘s attributes 

table (i.e., measured current) and the 1:250,000 map of rivers try to identify the corresponding 

stream link and – if needed – move it to match the corresponding river link. 

 

11. Reservoirs 

  

We mapped 11 (133 for all GoC catchments) reservoirs by combining the national reservoir database 

(CONAGUA 2008) and the most recent landcover map (2000), in which water bodies are delineated. 

Information was validated and corrected (including the mapping of additional dams) using online 

ArcGIS map (source). 51 reservoirs with a surface of <100has were eliminated from further analysis 

(mapping of small reservoirs was considered to be incomplete, and their influence in terms of 

sediment retention is probably minimal in comparison to larger reservoirs; also volume calculations 

for very small reservoirs was considered to be too unreliable). 

 

For reservoirs with no information on storage capacity we estimated volume using the following 

procedure: we converted the dams polygons to points (vertices). Then, we used these points to extract 

the altitude values from a 30m resolution aster (source). The average and STD was estimated for each 

dam in order to estimate a waterline (altitude) that could be used to estimate the volume. 3 different 

waterline heights were used: AVG, AVG + STD, AVG + 2STD, MAX. We also used the reservoirs 

polygons to extract the topography within these from the 30m DEM. Using the Cut/Fill tool (from 

ArcGIS 3D Analyst) we calculated the difference between the different waterlines (i.e., average, 

AVG+STD, AVG+2STD) and the topography to calculate the volume within each reservoir. Results 



were compared with reservoir maximum and use capacity available from CONAGUA database. We 

selected AVG+2STD, because our estimated volume was within the capacity range provided by the 

database for most reservoirs for which we had capacity information. This estimate was only used for 

reservoirs for which capacity data was missing, while the 67% of NAME was used for reservoirs 

which available information. 
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Supplementary Material C5 - Figure 2. Procedure to map plumes and cloud based on supervised classification of true-colour images 
  

 

  
True colour images were used to identify and characterise plumes and to mask out areas considered unsuitable for classification (i.e., areas of high cloud cover and intense sun 
glint that resulted in errors in the assignment of plume classes). The final outputs of this stage are grids (i.e., raster formatted maps) representing: the full extent of plumes 
(presence/absence) and 6-class plume maps that represents a gradient in the selected L2 parameters (the gradient in L2 parameters is considered to be indicative of water 
quality variation within plumes and thus was used to identify the plume boundary and to represent the potential dispersal of pollutants incorporated in the qualitative 
assessment of plume exposure proposed in this study), as well as a map of dense-clouds and intense sun glint used to mask out areas unsuitable for colour classification. 
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