Uncertainties, sensitivities and robustness of simulated water erosion in an EPIC based global
gridded crop model
By T. W. Carr et al.

Reply to Anonymous Referee #3

Dear reviewer, we appreciate your thoughtful comments and have responded tdretwfollowing
(Referee comments angrinted in purple andare each addresseuoklow).

This manuscript describes a study to characterize global soil erosion rates on cropland using the
exploration of a larg@arameter space of driver data and erosion models. Starting with global
information on climate, soils, agricultural practices, and field properties, the authors calculate
representative erosion rates. In a series of experiments, they show the serditigymodel to

driving inputs and parameter assumptions. They evaluate the model results against a large dataset
of observed soil erosion data. The authors conclude that the model results are very sensitive to
assumptions about management strategy, and ticcuracy of the model is limited by a lack of field
observations for calibration and evaluation.

In general this manuscript is well written and simple enough to understand. However some key
information is lacking in the main text of the manuscript, aoche of the results seem rather
suspicious, possibly because of artifacts in the input data. In particular, the headline numbers for
global soil erosion, and the mapped model output, appear to be strongly influenced by erosion in
mountainous areas, whera reality land use for agriculture may be much more limited than the

model assumes. These issues need to be addressed in a revision before the manuscript is ready for
publication.

Our experience (not only from modelling, but also from field work, excursions and own observations
and measurements) shows that in some mountainous areas the erosion rategsea@ch high

levels. But to some extent you are right and we considered your objection. Below, when answering

other comments on this issue we will try to demonstrate in detail the situation in mountains. We will

provide also some photos

Looking at the model results in Figure 2a, what stands out immediately is thatigbryates of

erosion are plotted in many regions of the world where | would nsube that there is any

significant amount of agriculture, including the central highlaotiBorneo, the Himalaya, eastern
Madagascar, South Korea, and parts of the Alpgse are indeed highainfall/high slope regions

and in some of the area agriculturepacticed. But where there is cropland, it almost certainly must
be limited to valley bottomer other lowslope areas, or only performed with substantial investment
in erosionmitigation measures, such as terracing.

Digging deep into the manuscript supplementargterials, | discovered that the actual crop

]*SE] usS]tv 8§ pe ]vcéiigs frofpPdgtmant et al. (2010). This citation, and
explanation for howthe cropareas were determined, must be moved to the main body of the text. It
appears thatPortmann et al. (2010) do not use slope or any other topographic characteristics in
determining the spatial allocation of cropland in their crop area maps. Furthrermi[ E e}ousS]}tv Je
% E} oC 3}} } Ee A v ]vEZ u3Z}E-[ }determing eppioprile meanE 3 oC
slope classes for their soil erosion calculations.



The reference to Portmann et al. (2010)igted in Table 3n the main text, which ammarisesthe
field management assumption and aggregation of model outputs.

We extend the reference to table 3on line 191 X Téble 3 summarises the field management
assumptionsof the baseline scenariosed to aggregatesrosion rates in eachimulation unit and
region._

We agree, that in some mountainous areas the erosion rates obtained by mod#ilimgt represent

typical rates However, it is not the case for all mountains. The values are overestimated most probably
in mountains of temperate areas such as Europe (Alps)akard Japan and also in some tropical rice
grooving regions on tropical Monsoon Asia (such as Borneo). However, in many mountainous areas in
tropics the land is cultivated, and maize and wheat are grown even in very steep slopes and often
without any soikconservation practicesr conservation practiceare usedwith insufficient efficiency.

We attached a collection of photos demonstrating these phenomentaeltropics agriculture is very

active in mountains especially for four reasons

1. While in temperate areas such as Europe the temperature is limiting factor of agriculture and
in higher altitudes (several hundred meters above the see level) it is too cold for most crops
and if agriculture exist there, it is mainly grazing. In canmntrin tropics the temperature is
sufficient also in high mountains.

2. The limiting factor in tropics is drought. Therefore, mountains having more rainfall and less
heat are popular agricultural area. Very good example is Uganda, where the whole ftat cen
part of the country is too dry and it is used only for grazing, while steep mountains in west
and east peripheries of the country are intensively cultivated. The same is in Madagascar and
in whole Latin America where mountains are more agricultuea{jyloited than lowlands.

3. Intropics the weathering crusts are very thick and so the loose materials constitute thick soils.
Tropical soils are poor in organic matter so the difference between topsoil and subsoil is not
very big. These soils can be espd to extreme erosion rates much longer than thin soils of
temperate areas, so farmers do not feel the decrease of fertility and production potential. It
is decreasing slowly, and they do not realize the impact of erosion.

4. In developingountries agreat portion of lands stillunder hand management of small family
subsistencdarming These farmersancultivate steep slopeeasier thanfarmers who use
heavy machines

Some examples from our own field work, where the extreme exploitation of steep séxiss are
following:

1. In Latin America, especially in mountains with volcanic rocks are cultivate even in extreme
slopes and herenaize is dominant crop (see photos from El Salvador).

2. Mountainous area of SuBaharan Africa: Extremely steep slopes are cultivated, many crops
with low conserving efficiency are grown (such as cassava and other sweet potatoes, beans,
maize, etc.), thee are terraces, but these are not really horizontal but inclined so they reduce
erosion partially but not much (see photos from Uganda and Madagascar)

3. South and East Asia: In this region the major crop is rice which is usually grown on paddy field
with flood irrigation. Therefore, the large mountainous areas are well terraced and well
protected from erosion. However, there are also very large mountainous areas which are not
terraced at all and steep slopes are cultivated. They are growing various crapsstieh as



dryland rice, tea, fruit trees, sugar cane, etc. For example, in large part of southern China the
rice terraces are only in valley bottoms occupying minor areas and all steep slopes occupying
majority areas are used to grow sugar cane without aaqil conservation.

An explanation andurther discussion bthe resolution of slope inpuand croplanddistribution data
follows below

These limitations mean that the headline numbers for erosion (e.g., lir28 @btheabstract), and
much of the results are likely to be skelN®y calculations that are nogalistic, because they are
biased by higtslope/highprecipitation areas where in realitggriculture is not practiced at all, or
only in very limited and specialized forragy., agroforestry, and perennial crops suchessand
orchards. This source of uncertaimigeds to be addressed more thoroughly and the methods
presented moréransparently before this manuscript is suitable for publication.
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With some of the extreme values that they calculated, could agricultuseigtainable at all? How
long would it take before most soil is completely eroded away?

Unfortunately,in many mountainous areas especially in trogiosventionalgriculture with very bad
management is practiced and it has huge negative impact on land. We demonstrated it by potos.
many mountainous areas agriculture is not sustainable aBall. unfortunately, despite of that in
many areas the destructive land management is going on and poor farmers are destroying the land
completely. We even do not know how many cases like this occur. We have examples also from
Slovakia, mainly historical balso recent. There are known cases that some slopes were cultivated
just 1020 years and then one extreme storm event removed all soil and the field was abandoned. In
tropics frequently happens that when the field is destroyed, it is abandonedI0ngars being fallow

and then cultivated again, but there are many cases also when slope is cultivated fgees and
destroyed once for ever. See attached photos.

There are indications of this problems also in literature, for example Montgomery (20@d)atad

mean erosion rate under conventional agriculture (n= 448) to be over 3.9 mm (wleabGtons per
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the imbalance between agricultural soiskand erosion under both native vegetation and geologic

time is that, given time, continued soil loss will become a critical problem for global agricultural
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discuss Pimentel and Burges (2013). They argue that annually 10 million ha of cropland is abandoned

due to deteriorating production potential caused by erosion. Further, they estimate that recently the

world cropland covers 1.5 billion ha but since beginning agriculture people abandoned 2 billion ha

of crop land. So, more soil is already destroyed and abandoned then what is still used.

Lines 122123
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slope class is filled by agricultural land use before mdwitige next steeper class? If not, the
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The most common slope is determinedthg slope class covering the largest area in each simulation

grid. Slope classes are taken from a global terrain slope database (IIASA/E2CyrizDare based on

a highresolution 90m SRTM digital elevation model. We assume that the slope class representing the
largest area in each simulation unit is most likely covered by the largest area of cropland. This builds

on the idea that a spatiallextensive and diverse landscape can be represented by a single
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found in the landscape. This method is designed to represent differences inskeatge globhcrop

production with an emphasis on the most important global crop production regions.

We clarifythe concept of the representative fietsh line120WEath simulation unit is represented by

a single field characterized by the prevailing combinatiotopdgraphy and soil conditions found in

the landscape. Each representative field has a defined slope lengtt2(@0m) and field size (110

ha) based on a set of rules for different slope classes (Table S1). The slope of each representative field
is deermined by the slope class covering the largest area in each simulation unit (Table S1). Slope
classes are taken from a global terrain slope database (IIASA/FAO, 2012) and are based on a high
resolution 90n SRTM digital elevation model.

Sope input datais an important uncertaintyfor simulating global water erosion estimatas we

cannot identify cultivated slopes on a global scalbiswill be discussedn the revised papeby

addressing(i) the simulation of extreme values on steep sloges ol JVP §Z % E}%}e; ZE 0]S(
(i) the intention behind using the most common slg@nd, (iii) an ideal scenario, whereultivation

is limited to the flattest terrain availabl&Ve used Italy as a test cafer a comparison between water

erosim rates simulated undehe proposed ideal slope scenario and the slope scenario based on the

most common slopéle chosdtaly because it hakarge maize and wheat cultivation areas, which are

located onboth flat terrain in the north and in hilly regionsin the south and thus the country

represens a diverse landscapwith a wide range of possible water erosion rat&¥e add a
comprehensivaliscussioraddressingachsloperelatedissuesafter line 30:

AY,]IPZ A 3§ E E}+]}v E 3 exdeeding 160 thddr¥also included in the field dataset
compiled for this study. However, regional erosion assessments in mountainous cropland conclude that
areas with extreme water erosion rates are mainly limited to marginal steep land cultivated by
smallholders (Haile and Fetene, 2012; Long et al., 2006; Nyssen et al., 2019). Moreover, efforts to
remove marginal farmlands from agricultural production and programs to improve land management
on steep slopes have reduced high water erosion rates imadeweuntainous regions (Deng et al.,
2012; Nyssen et al., 2015). Nevertheless, in many regions upland farming still produces extremely high
erosion rates and recent pressure through increasing population and crop production demands has
resulted in recultivation of hillslopes and a reduction of fallow periods, which limits the recovery of
eroded soil (Turkelboom et al., 2008; Valentin et al., 2008). In an ideal scenario where farmers cultivate
the flattest land first before moving to the next higher slopasustainable water erosion rates in
mountainous regions would be substantially reduced. However, next to topography, the distribution
of cropland is determined kglimatic factors andvarious socigconomic factors such as competing

land use and land tenure (Hazell and Wa2@l8; Nyssen et al., 2019).

To analyse the sustainability of simulated maize and wheat cultivation systems exposed to high erosion
rates, we compargsimulated annual eroded soil depth with a global dataset on modelled sedimentary
deposit thickness (Pelletier et al., 2016). The comparison shows that at 4réd oéllspermanent

maize and wheat cultivation would not be sustainable as the whole sdilepnmuld be eroded at the

end of the simulation period (Fig. S11). Most of the unsustainable agriculture is simulated on steep
slopes. Although we account for conservation techniques and cover crops, we do not imitate the highly
complex farming practicaavolving intercroppingechniquesand fallow periods, which are common



on hillslopes typically manged by smallholders (Turkelboom et al., 2008). Moreover, we assume that

the slope class representing the largest area in each simulation unit is mostdiketgd by the largest

cultivated area. This builds on the idea that a spatially extensive and diverse landscape can be
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topography and soil condition found inehandscape. This method is designed to analyse the
differences in largscale global crop production systems with an emphasis on the most important crop
production regions. However, this setup might not capture the complex distribution patterns of
croplard in mountainous terrain.

The uncertainty in cropland distribution can partly be reduced by developing a higher resolution global
gridded data infrastructurewhich is currently not available for EfIIESA However, due to the large
uncertainty in globaland cover maps (Fritz et al., 2015; Lesiv et al., 2019), an explicit spatial link
between cropland distribution and the corresponding slope category cannot be established without
on-site observations. We test the impact of this uncertainty for erositmates in Italy, wherdéarge

maize and wheat cultivation areas are distributed on both flat terrain in the north and mountainous
regions in the south. In an ideal scenario where cropland is limited to flattest land ava#aigied

cell median simulatd water erosion in Italy would be reduced to tolerable levels below 1t ha
However, in a scenario, where the most common slopegrjgecellare cultivated, median simulated

water erosion increases to t#a' due to high water erosion simulated int C [ u}uvs Jviue €& P]l}ve
(Fig. S12). This suggests a high uncertainty in global water erosion estimates due to uncertain spatial
links between maize and wheat cultivation areas and different slope categories

Thefollowingtwo figuresaddressed in the dtussion will be added to the supplementary information.
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Figurel:Simulated years left until the whole soil profile is eroded in each simulation unit. Calculated as a ratio of the
sedimentary deposit thickness [(Helletier et al., 201&nd the eroded soil depth per year (water erosion ft&d] x bulk
density [g n?)]).
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Figure2: Comparisorof slope inputs and simulated water erosion outputs betwibercroplanddistributionscenariousing
the most common sloand the croplanddistributionscenario using th#élattest terrain availablen Italy. (a, b) distribution
of the croplandshare(Portmann et al., 201Q)er slope clasgc,d) distribution of simulation unitger slope class. (e)
Simulded water erosion for Italyusing both cropland distribution scenarididlines visualisemedian values, dxes include
values from the 25th to the 75th percentiles and whiskers bracket values between the 10th and the 90th percentiles.

Line 184187

Again, where is the evidence that steeper slopes are actually cultivated, and on what basis are these
P-factors selected? Were the parameters selected using empirical evidence, or a citation?

Asdescribed abovewe cannot be certain that steep slopes ardtivated, but we assumehat steep
slopes are only cultivated with conservation techniques to reduce high water erosion values. The P

values for contouring and terracing are within the range of the values reportdddrgan (2005)
which are presentedn lines 151 -157.

Wemodifyline 185accordinglyWIra*account for erosion control measures reducing high water erosion
on steep slopesve use a conservationfBctor of 0.5 on slopes steeper than 16 %, andfackr of

0.15 on slopes steeper than 30 % to simulate contouring and terracing based on the raffigetofsP
presented in Morgai2005)._

Lines 37379

Ya significant sharefdhe estimated soil removal of 7 Gileoriginates fromsmall wheat and maize
(] 0 ¢ }v 8 % *0}% * A]3Z «3E}VvP vvthe a¥th@is dd¥ail $hatjthe gkbal} Z E



numbers are skewed by extreme levels of simulaexsion. But more evidendbat these fields
actually exist needs to be provided.

See commentand discussiombove about thehigh uncertaintyin cropland distribution on steep
slopes.

We delete the total soil loss value from the abstract, Béeas it is significantly influenddéy extreme
water erosion rates from mountainous regions. But we will keep the value in the discussion, where
we address the uncertainty of the global soil loss value.

Lines 394392
A A E &z JUVSE] »« AZ E » }v-YiQEoﬁ]Iéc}L\/_ P@E] uoMut®E s
evidence is there for this?

We selected countries where conservation agriculture is most likely based on the share of
conservation agriculture reported by AQUASTAT (ZB1). The criteria is presentexh lines 178
179and table 3.

We will refer to AQUASTARAO, 20169n line392.

Lines 423125
d Z Sviany older measurements are poorly accessible as they are not available
}vo]v _ ¢ wue §} 1531( A | EPpu vs (JE&E v}S }oo S]vP u}E& u ep

on soil erosion. Can the authors elaborate a bit more in what kind of data are out there
and precisely what it would take to utilize them for future studies?

Indeed, tis is true. There was huge amount of erosion measurements at experimental plots in many
countries. For example, in USA first measurements started in 1915 and when Wischmeier and Smith
were developing their equation they had about 10000 erosion plot/yeda @énd this was in 1970ies.
These data are archived by USDA but they are not diractgssible oimternet. When in Germany
Schwertmann was verifying USLE for Germany he used about 2500 plot/year data, but they are not
available on internet and only st part was published and it was in German. We know situation
mainly in central Europe. In Slovakia we have about 50 plot/year data published in Slovak language,
we know about erosion plot measurements in Hungary, a lot of old data are in Czechia dgsuattin
measurements by Maran in 1950ies, and Poland (starting by Gerlach in 1950ties), significant data set
is in Austria, whole book about long term measurements Z0 years) was published in Croatia in
Croatian language, there was extensive measurenpeagramme in Yugoslavia (Serbia, Gavrilovic,
Djorovic,). A lot of data exists in China, Japan, UK and Russia. In Africa we know about data from
Uganda and Zimbabwe, most data from Francophone Africa are in French, from Latin America in
Spanish, etc. Themre five major reasons why most data are not available:

1. Many older publications are in national languages

2. Many older publications are not on internet

3. Many measurements were published in grey literature, local conference proceedings, national
actaof scientific institutions, unpublished reports, etc.

4. Many published data are hardly interpretable because metadata are lacking (slope lengths, or
inclinations or crop cover, period of measurement is not recorded, geographical position of
the sites isot recorded, many measurements were running only during vegetation period of
studied crop so they do not represent annual erosion, etc.).



5. International journals do not have interest publish usual case studies which present raw
data. To get paper published the authors need to present some special objectives to follow
some special goals or developing methodological innovations. Therefore, also many new data
sets cannot be found omie.

6. Even if paper is published, journals have usually size limitations. To save space the primary
data are not presented, only the results of interpretation, statistical processing, etc. are there.

The collected data set represents a reasonable compromise to achieve the objectives of this study. It
is far beyond the capacities of the team and the objectives of this study to collect all existing erosion
data. Such task would requireS3years lasting ternational project with participation of research
teams from most countries, so that each team would be able to revise data sources in his country and
provide summary of data including those published in national language and unpublished reports.

We added amore comprehensive discussion &vailablefield datato the response addressing the
second referee.

Weincreased the field data sample froft3to 606following acommentby the second refereeWe
will changehe valuesand the presentation of the field data accordinglylines218 t220, 232 t 234,
312 t314.

Criteria for he appropriate selection of field datre addressecn lines 426 t 449. Wewill further
clarifythe field data needs in théiscussiorafter line 421 WIrh& main reasons for the low availability

of suitable data to evaluate simulated water erosion rates are twofold: (i) erosion monitoring is
expensive, time consuming and labour demangdiagd, (ii) primay data and metadata of
measurement sites accompanying final results are often not available and many older measurements
are poorly accessible as they are not available online (Benaud et al., 202@Jiety of factors
influencing water erosion such aswdite, field topography, soil properties and field management need

to be considered when modelling water erosion but are often not reported in available field
measurements (Garciauiz et al., 2015). This hampers a direct comparison between simulated and
observed water erosion values. We demonstrated the varying match between measured and simulated
water erosion using different tillage and cover crop scenarios. Metadata on field management often
only provides the crop cultivated and therefore the conditiomder which erosion was measured in

the field are not known sufficiently to evaluate erosion values simulated under different field
management scenarios. Similarly, information on field topography and soil properties is often not
provided with recorded fid measurements and thus their use is limited in an evaluation of water
erosion estimates simulated in different global environments. Moreover, the geographical distribution
of erosion data is unbalanced. Most data are concentrated in the United States PEts®pe and the

West Mediterranean (Garcauiz et al., 2015). In summary, there is a lack of field data representing
all needed regions, situations and scenarios (Alewell et al., 2019).

We will additionally u v §]}theNack of sufficientnetadata accompanying erosion measurements
on line235.

Wewill add two sentencesompaingthe highvariabilitywithin field datawith the deviation between
simulated values and measured vallmsed on the evaluation resulis Line331 WOUtsidelocations
combining steep slopes and strong precipitation, median deviation between simulated and measured
data is lower than the variability within the field datd.ine451Wn nost environments relevant for
maize and wheat cultivation the deviation betweemuglated and measuredater erosion values is
lowerthan the variability within the field data.

Lines 46167



Yesit seems clear that increased resolution would be important. Several datasets are

already available however, including 100m agricultural cover fraction data (Buchhorn

et al., 2019) and 90m topography from a range of different datasets, such as MERITHydro

(Yamazaki et al., 2019). Global climate and soils data are available at at least

1km resolution and could be downscaled (Fick Hijmans, 2017; Hengl et al., 2017).

Alu ulE  AE%o v 3]}v e« 8} AZC §Z up3zZ}E+ A E o]Juls 3} A[ v ul}CE
recommendatios for future research would be valuable.

We rely on the existing data infrastructure of the ERKSA model, which has been construcéeu
evaluatedfor largescale and global crop yield projectioitie EPKIASA model uses statd-the-art

global crgp management and agrenvironmental input data and has been positively evaluated for
representing national average yields and irtemual yield variability globally ol}A] § oXU 17iide
It was used in several studies and its outputs have been compared to regional yield statistics and other
global crop and land use models as a part eMB and GGCMI model inteomparison initiatives
(Mueller et al., 2017)One of the mairgoalsof this study is to analysé EPIAIASAcan account for
relationshipsbetween water erosion and crop cultivatiomherefore,we rely on the existing model
setupand data infrastructure of ERIGASAwhich has beenonfirmed as a reliable model to simulate

daily crop growth on a glolbacale Thelnput data for EPKBASAoriginally available at different scales

A E PPE P § § AdridEne EBICEASA, each simulation grid is represented by a
representative field 1 to 10 hectares, depending on the prevailing slope catgyarhile the field
8}1%}PE %ZC A+ o0 po § e N lu]v vs§ }uedolution90m SENMI d&ifal Z]1P Z
elevation model. Given the large uncertainty in land cover n{&pitz et al., 2015; Lesiv et al., 2019)
EPIAIASA does not provide an explicit link betweerdlaover category, such as cropland, and the
dominant fields. Instead, an area share of each land cover category per simulation grid is provided
based on the GLC2000 land cover map with 1x1 km spatial resolution.

Asmentioned abovea discussiolmn the uncertainty in croplandistributionand slopenput datawill
beadded aswellasv A %0 v 3]}v }( 8Z }v %3 }( SZ."E % E » v3 3]A (] o

We will further clarify the focus of this paper in the introduction, lii38/@ heoverall aim of this study
is: (i) to analyse the robustness of water erosastimatesin all global agreenvironmental regions
simulated withan EPIased globabridded crop modehlnd, (ii) to discuss the main drivers affecting
the robustness and thengertainty of simulated water erosion rates on a global scale.

We furtherhighlight $Z u} o[« A v <« Jv }v4oWdhvg eXisting field data, we were

able to identify specific environmental characteristios which we have lower confidencia the
modelederosion ratesThese are mainly found in the tropics and mountainous regions due to the high
sensitivity of simulated water erosion to slope steepness and precipitation strength, and the complexity
of agricultural systems in mountainousgiens._

Lines 473174
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means?

We agree thatthe presentation of both mean and median valuzmn be confusing. In the revised
version we will focus only on median values. However, in the discussion, bnge3ihention both
mean and median value to demonstrate the skewed distribution of erosion idiesto extreme
values simulated on steep slopes.



We present global median water erosion in mafZet/ha) and wheat(5 t/ha) fieldson line 25,244,
312 and delete average values.

Global average water erosion values simulated under different managememarsos and different
water erosion equationsvill be deletedon line483 t387to focus only on median values.

We add a row to Table 3 clarifying that the median is used to aggregate water erosion values simulated
under all management scenarios for simidatunits and regions.

Lines 68489; Figure 2

I would like to see the map and statistics separated out into two, one figure set each
for maize and wheat. As the growing areas are different and only partially overlapping,
it would be very helpful teee these individually in the main body of the manuscript.

We will present two maps for maize and wheat respectively in the reyiapdr(see figure below)
We will group bars by crop in the revised vergjsee figure below)

The explanation thatvater erosion is presented asweighted averagérom maize and wheat fields
will bedeleted in table 3.

We incluak a note in the figure label explaining thaitkel cells idiguresdo not indicate cropland sizes
‘Each pixel cell ildfrates themedian relativevater erosion of one representative fielthe extent of
cropland areass not considered in pixel ceilze. »
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Figure3: Soil loss due to water erosion in maize (a) and wheat (b) fields simulated with the baseline scenario. Each pixel cell
illustrates the mediamelative water erosion of one representative fielthe extent of cropland areas is not considered in

pixel cellsize The bars in the bottom plot (c) illustrate median soil removal for major world regions simulated under maize
and wheat cultivation. The lines and whiskers illustrate 25th and 75th percentile values. The classification of worlid regions
illustratedin Fig. S4. Due to the large gap between aggregated values, all values in the bottom plot have-beasfiogned

to facilitate the visual comparison.

Lines 706709; Figure 7

I am quite suspicious that there is any substantial amount agriculture iat thié purple
areas marked on the map, e.g., Borneo highlands, northern Laos, Himalayan front,
western Madagascar, Korea, Japan. If there is, agriculture must be limited to valley
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Each pixel in the maps illustrates theedianerosion rate of one representative field. The pixel cells
in each map do not indicatotal cropland area. In other words, most of the pixel in mountainous

regions represent a very small cultivated areabl&& lists details on how erosion rates in each pixel
are aggregated.

Lines 694693; Figures 3 and 4

Would also be useful to see how much uncertainty is caused by the assumption of what
slopes are being farmed, e.g., always lowest slopes first, slepr, median slope,

etc.

We will address slope uncertainty in an extended discussiondsaanentsabove)
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Latin America

Mountain agriculture in El Salvador: Volcanic soils are fertile, climate is warm and moist, so eve
extremely steep slopes are cultivated. There is a lot of volcanic bombs and boulders but the cultivat
is possible because they use hand labour (working with hoes). Maize is absolutely dominant crof
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Latin America
Mountain agriculture in El Salvador
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Latin America

Mountain agriculture in El Salvador: Land is used sometimes as cultivated maize fields, sometime

pasture land (also after maize harvest there is grazing. Most slopes has dense microrelief of livest

pats and biological erosion. From distance it looks like pasture land but it is maize field. Very typi
feature in El Salvador
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Latin America
Mountain agriculture in El Salvador
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Latin America
Mountain agriculture in El Salvador
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Latin America
Mountain agriculture in El Salvador
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Mountain agriculture in El Salvador
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Latin America
Mountain agriculture in El Salvador
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Mountain agriculture in El Salvador




anda with terraces

in agriculture in Ug
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Africa

The areas with young eucalyptus forests (in all next figures are extremely
devastated and abandoned fields which were reforested with funding of
World Bank




Africa

Mountain agriculture in Uganda
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Mountain agriculture in Uganda
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Mountain agriculture in Uganda
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Mountain agriculture in Uganda
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Mountain agriculture in Uganda




Africa

Mountain agriculture in Uganda: uppermost fields strongly degraded
by erosion and abandoned few years ago, recently used for grazing




Africa
Mountain agriculture in Uganda: maize is common crop on slopes.




Africa
Mountain agriculture in Uganda: maize is common crop on slopes.

Abandoned fields




Africa
Mountain agriculture in Uganda: maize is common crop on slopes.




Africa
Mountain agriculture in Uganda: maize is common crop on slopes.
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Africa
Mountain agriculture in Uganda: maize is common crop on slopes.




Africa
Mountain agriculture in Uganda: maize is common crop on slopes.
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Africa
Mountain agriculture in Uganda: maize is common crop on slopes.




Africa
Mountain agriculture in Uganda: maize is common crop on slopes.




Africa
Mountain agriculture in Uganda: maize is common crop on slopes.




Africa
Mountain agriculture in Madagascar
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Africa
Mountain agriculture in Madagascar
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Mountain agriculture in Madagascar
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Asia
Mountain agriculture in South China
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Asia
Mountain agriculture in South China

sugar cane
Reforested sugar
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sugar cane

sugar cane

Devastated field'with sugar cane to
be abapdoned |n next few years
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Asia
Mountain agriculture in South China
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Asia
Mountain agriculture in South China
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Mountain agriculture in South China Asia



Asia
Slope agriculture in Loess Plateau, Northern China



Asia
Mountain Agriculture Sri Lanka



Asia
Deforestation in Vietham



Central Europe
Mountainous agriculture in Slovakia:

It began inl 7" century but most intensive was k8" century. Many fields were already devastated
in last quarter ofL9" century and first half 020" century and farmers were migrating to America.

Completely devastated field at foot slope, recently still cultivated



Central Europe
Mountainous agriculture in Slovakia

In 17" t 19" century large areas dbotslopesof Carpathians were devastated by huge gullies, recentl
mostly selistabilised.



Central Europe

Mountainous agriculture in Slovakia

Recent ploughing in subseitiolomitic rock



