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Erosividade da Chuva
Quantidade de Chuva

significam em relagéo a eroséo.

-Dados de chuva em totais ou médias mensais ou anuais pouco

- Dados de chuva totais diarios, limitados a observagdes a cada 24hs,
pouco significado em relacdo a eroséo.

Distribuicdo da chuva

FIGURE 3.1
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Bi-modal distribution

Patterns of distribution of annual rainfall

produziu uma perda de terra 100 vezes
maior que uma de 1mm/h

o8 @ O 12:7mmfhour (Laws 1943)
;‘g p @ 15-40 mm/hour
§§ () % ZO*/EI; mm?;aur
3N 2 5-115 mm /hour
Intensidade da Chuva: e )
S8 @
- fator mais importante IS
g5 DOONE
- quanto maior a intensidade da chuva $5°
maior a perda por erosao *og ; 5 K] 7 5 %
Orop diameter ~mm
eXemplO: para uma ChUVa total de FIGURE 3.4 Drop size distribution at low and medium intensities
21mm, uma intensidade de 7,9mm/h o ® @ s i
(5) 115-165 mm/hour

@ more than 165 mm fhour

Percentage of total rainfall falling in
class groups of 0-25mm, drop diameter

Drop diemeter ~mm

FIGURE 3.5 Drop size distribution at high intensities

10

23/08/2021



Table 1 2
Reported relafionships betweer fime-specifc kineic enorgy (KBy,) and intensities () of rains. Tho espression of KBy, not seporied i (his fable can casily be obizined by e
relation (see Bg. (3)) KBy (T m™ mm™") = KEyye (J m™> k™)1 (DSD, drop-size distribution; n.a., not available)

Reference KEge Jm 21 Location Range of I (mmh ™)
1232 + 0561 Belpium 027-38.6
1(8.95 +8.441ogy 1) USA, DSD from Marshall and na.
Palmer (194
Bmwn and Foster, 1987 201 (1 - 072 USA 0-250
Carter et al,, wu 11.32/ + 0.5546F° — 05009 X 1077 + 0126 X 1077 South Central USA 1-250
38,4 (1 — 0.538¢ " Barcelona, Spain na.
Coutinho :\nd Tm:rms 1995 35.97 (1 — 0.559 %) Portugal 0-120
Hudsan, 1965 20.86(7 — 4.29) Zimbabwe na.
Jayawarc and Rezaur, 2000b 36.81 (1 — 0.691e %) Honk Kong 0-150 o
Kimnell, 1981 HI7.124 + 5229 logo 1) Miami, Florida 1.89-309 Y
30,132 — 5484) g
20317 (1 — 0.281e7°"%) 13
Kinell, 1981 1(9.705 +9.258 logyy ) Rhodesia (from Hudson (1961)) 185-228.6 )
20.863(7 — 4.287) 3
29221 (1 — 0.894 ¢ ) N
MecGregor and Mutchler, 1976 1273 +21.68e ™ — 41,2607 1y Mississipi, USA na. g
Onaga et al., 1988 1051+ 106 log ) Okinawa, Tapan na. i
Park et al., 1980 2110697 USA na =
Renard et al., 1992 207 (1 - 07267 USA na =
Rosewell, 1986 297 (1 — 0590 ") Gunnedab, Australia 1-1459 g
Rosewell, 1986 26357 (1 — 0.669¢ ") Brisbane, Australia 1-1612 3
Rosewell, 1936 24.48 (I - 1.253) Melbourne, Australia na. &
Rnsew_u 1986 24.80 (I - 1.292) Cowra, Australia na 4
empere-Torres e al., 1992 341 - 190 Cévennes, France 20-100 2
mmm and De Veaux, 1992 13712 Oregon, USA na. o
Smith and De Veaux, 1992 17 Alaska, USA na. 3
Smith and De Veaus, 1992 18712 Atizona, USA na. &
Smith and De Veau, 1992 1t New Jersey, USA na 2
Smith and De Veaux, 1992 10744 North Carolina, USA na. T
Smith and De Veau, 1992 1 Florida, USA na. §
Steiner and Smith, 2000 1 Northern: Mississippi, USA na.
Tracy et al., 1984 21074 — 2118 3 Arizona na.
Uijlenhoet and Stricker, 1999a 72002 Based on Marshall and Palmer na.
parameterisation
8531
8460
8.80/'%
10.8/4%
7741
Usdn and Ramos, 2001 234118 NE Spain <20
Wischmeier and Smith, 1958 T(1187 + 873 logy 1) Washington, USA; DSD from na.
Laws and Parsons (1943)
Zanchi and Torri, 1980 1981 +11.251og,e 1) Traly na.
Salles et al., 2002
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FIGURE 3.8  The terminal velocity of raindrops (data from Laws 1941)
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Energia Cinética da Gota de Chuva

E muito importante conhecer a forga com que a chuva impacta contra o solo.
A energia cinética € uma fungdo da massa e da velocidade:

Ec=—m*
2

Energia cinética da chuva e da enxurrada:

Chuva Enxurrada
Massa Suponha uma massa | Suponha 25% de
de queda da chuva = enxurrada, e a massa Desta forma a chuva
R da enxurrada = R/4 tem 256 vezes mais
Velocidade Suponha uma Suponha a velocidade | €nergia cinética que
velocidade de 8m/s de escorrimento na a enxurrada
superficie de 1m/s
Energia 12 x R x (8)2=32R 1/2 x R/4 x (1)2= R/8
Cinética

13

Duracéo da chuva:

- complemento da intensidade
- a combinagao dos dois determina a chuva total

- importante para determinar o limite no qual o solo para de infiltrar a agua e
comega a enxurrada.

Frequéncia de chuva:

-fator importante que influi nas perdas de terra por eroséo.

Se intervalos s&o curtos = o teor de umidade do solo é alta = enxurradas
mais volumosas (inclusive com chuvas de menor intensidade)

Se intervalos maiores = o solo esta seco =boa infiltragao inicial = pouca
enxurrada com chuvas de baixa intensidade.

Periodos de estiagem = diminuig&o da protegéo vegetal por falta de umidade
= maiores riscos de erosdo nas primeiras chuvas

14

23/08/2021



Modelos estatisticos: [ Zingg 1940

A=C L6 G4

Smith, 1941

A=C" 10654 p

Browning, 1947

A=C" 106 S14 P

Energia cinética Musgrave, 1947

A’=(Px/125)17 K (L/72)%% (5/10)1% C*

Intensidade maxima USLE, 1965

A=Ely K (L/72.6)05 (0.065+ .045 S +.0065 $9) C P

USLE, 1978

A=Elyp K (L/72.6)05 (65.4 sin?® + 4.56 sin® + 0.065) C P

RUSLE, 1997

A=Elo K (L/726)" (asin@+b) C P

minutes in a storm
Conversao estatistica
utilizando fungdes do
volume e da
intensidade de
precipitacdo

S — Slope in percent

A — Soil loss in tons/acre

A’ — Soil loss in inches/ year

C’, C"”, C"" — Coefficients

C* — vegetal cover factor

P3p — Maximum Precipitation amount (inches) falling in 30

K’, K — Soil erodibility factors
L — Slope length in feet

©® — Slope angle in degrees

C — Cropping management factor

E — Storm rainfall energy in hundreds of foot-tons per acre

I3p — Maximum rain.fallgy
within a storm in inches per hour

P — Conservation practice factor

M — Exponent on length term-values depend on slope or
slope and rill/interrill ratio

a, b — coefficients in function making up slope term -
values depend on slope

intensity in a 30 minute period

17

USLE

A = RKLSCP

R = Rainfall erosivity

K = Soil erodibility

L and S = Slope factors
C = Crop factor

P = Management factor

A = Long term average annual soil loss

18
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Rainfall Erosivity (R)

Wischmeier and Smith, 1978

e=0.119+0.0873 logy, i (1)

where e is the unitary kinetic energy (MJ ha—' mm~"') and i repre-
sents the segments of rainfall intensity (mm h—1).

Elyo = Ect Iy,

(2)

where Ely, is the rainfall erosivity index (Mj mm ha=' h~"), Ect is
the total kinetic energy of the rain (M] ha—'), and I3, is the maximum
rain intensity during a 30-minute period (mm h~").

RUSLE
BT
R=- Ely) 3)
n2_ > (Elx) (&)
J=1 k=1
where R is the average of the annual rainfall erosivity
(Mymm ha~" h~"yr™"), n is the number of years of records, my is
the number of erosive events in a given year j, and Ely, is the rainfall
erosivity index of a single event k.
Avallable online at wwwsclencedirect.com —
B @ CATENA
Rainfall crosivity map for Brazil
Alexandr co da Silva
Number Equation Author(s)
1 R, _3_76'()‘:5 ’]*42_77 Oliveira Jr. and Medina (1990)
x = indice mensal
. ~ o 2 o[ ME Morais et al. (1991)
M = Precipitagdo média mensal Ry 2368457
P = Precipitagdo média anual 3 Ry = (066" M, ) 8.88 Oliveira Jr. (1988)
2 ilva (2
4 szdzsm*(M*\wg.m Silva (2001)
P
5 Ry =0.13* (M) Leprun (1981)
T Val et al. (198
6 Rx—lz.sqz'{M*] al et al. (1986)
\ P /
= PR Lombardi Neto and Molden 1992
R, ;“_“,lﬁJ eto an (1992)
P
8 Ry =19.55+(4.20*M, ) Rufino et al. (1993)
Fig. 1. Equations used to determine the monthly/annual values of the erosivity according to the area of the territory
and their respective authors. Egs. number (1), (2), (4), (6), and (7) were based from the Fournier’s model. Egs. (3)
and (8) are linear models and Egq. (5) is an exponential model. R, is R factor (MJ mm ha ™' h™ ! year™ ') for month
x, M, is average monthly precipitation depth (mm), and P is average annual precipitation (mm) (Silva, 2001).
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Abbienine s mnsiecdiacizon —
weema @ounear- CATENA

ELSEVIER e 57 2008) 251259 P —
e

Rainfall erosivity map for Brazil
Alexandre Marco da Silva

Laborsicio de

” s
ST, Avnida Contenar, 303, 13.900-970, Picicab Sio P, Bl
Reccived S February 2005 rcvod i revised form 15 October 205;scsptd 24 Novembee 203

[ 400 - 800
[ 800 - 1200
I 1200 - 1600
1600 - 2000
2000 - 2400
1 2400 - 2800
I 2500 - 3200
3200 - 3600
I 2600 - 4000

Fig. 2. Comparison of the annual pluviometric (left, in mm year ') and the annual erosivity maps (in MJ mm
ha='h™ ! year ).
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Avalable oniine at wwwsciencedirectcom

. AM. da Silva / Catena 57 (2004) 251-259 257
screuce @oimeer CATENA (2004)
ELSEVIER Catena 57 (2004251259
s e RO MARCH
L
Rainfall erosivity map for Brazil
Alexandre Marco da Silva & .
Laboratério de Ecologia Isotdpica-Centro de Energia Nuclear na Agricultura, Universidade de Sdo Paulo Qo %
(USP, Avenida Centenario, 03, 13.400-970, Pacicabe, Slo Paul, Bacl . g -
Rescived S Fbnary 2003; recived in revised fom 15 October 2003 sceptod 24 November 2003
F ‘ >
N -
o e
" Ly AUGUST SEPTEMBER
OCTOBER NOVEMBER DECEMBER
S =

Fig. 5. Geography of the erosivity along the Brazilian territory (monthly average).
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Catena 100 (2012) 139-147

Contents lists

at SciVerse

Direct

Catena

journal homepage: www.elsevier.com/locate/catena

Rainfall erosivity in Brazil: A review

Paulo Tarso Sanches Oliveira **, Edson Wendland ? Mark A. Nearing °

2 Department of Hydraulics and Sanitary Engineering, University of Sdo Paulo, CxP. 359, Sdo Carlos, SP, 13560-970, Brazil
® USDA-ARS, Southwest Watershed Research Center, 2000 E. Allen Rd., Tucson, AZ 85719, United States

»
»

Legend
o ® Erosivity equations
% | ¢ Brazilian regions

Brazilian states

70°W 60°W 50°W

40°W

Fig. 1. Spatial distribution of studies on erosivity in Brazil.
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Equacbes da
Erosividade no Brasil

Table 1 (continued)
Latitude Longitude Gty Rats Yews Akitude Precpitation R fictor Equasans R Authors
228 48°S 42°39 %W Conc Maabu R 15 0 1915 Eho= 39.86 +37.90 (MFI) 091 Cangalves et al, 2006
2 eS 800w Mag R) 16 640 3006 070 Congalves et al, 2006
2 5107 4&2°32'60°W Saqurema L] 15 10 1252 065 Congalves et al, 2006
2 5512°S 43°2512°W Riode Jmero R 17 0 1280 H,, 079 Conglves et al, 2006
ST S 4716 48°W Riode Jnaro  R) 16 460 n70 93n B, = —7627+5331 (MR) 040 Congalves et al, 2006
242 38°S 852 4°W Pinai R) 18 62 - em - - Machadoet ad, 2008
30" 2305 56°26'0°W  Quaai RS ) 100 1513 a2 Eho= —4735+8272 (MR) 084 Bzmnoetad, 2007
32 0roS 52°090°W RioGrande s n 15 162 5135 Non-significant correlaion - Bzzmnoetd. 2010
28 390 56°00W  SioBarja 1 e k-] 1540 a7 Eho= 99,646 + 63874 (MA) 077 Cxsoletd, 2008
Blyg= 55,564 (M) 14 ass
303208 52°310'W  Enc do Sul 1 n Q0 1279 1 - Etzetd 201
2450 57705 0°W  Unuguaima s b} 74 nn 094 Hickmann et al, 2008
2 330 S3TS40W i s n 448 1667 040 Casaletd, 2007
as3
rSreS 54TX0W Santa Row RS b= 273 1832 041 Mazurana e al, 208
aso
2r 240 51°120°W  Gmpos Noves 10 947 1754 050 Bertol 1994
n,._ 59.265 (MF1) 'O ase
r40S S0°20'0°W  Lges SC 10 a3 1549 570 - Bertal et al 2002
X 370S  52°100°W  Teod Sampaio  SP 19 255 1282 nn Ehn- 1&“&31»&9562 (MFI) 093 Calodro e al, 2002
r311'S 47°240°W  Gmpinx ® 2 670 1280 6738 Hl o= 68730 (MFI)OM 098 Lombardi Neto and
Moaldenhauer, 1992
27130 &' 140°W  Piaju P z sn 1482 7074 093 Rogue et al 2001
28 17°0°S  47°51°0°W  SewBamas 4 9 30 1434 12664 Q98 Silva et al, 2009
24724078 41TavOW )uqlii P 7 & 24 6145 Eho= 20721+ 4065 (MFI) 090 Siva et al, 2009
2016 58S 4770 BW ® - - - = Elg= 111173 (MR)2&4 088 Carvalho etal, 1991
Years=length of recard, akimude (m), P=average annuwal prcipitaon (mm). R=R Gecwor (M) mm )u" h! yr—'). and () nat mih&
States by region: north ( Amazomnas, AM and Pard, PA); northeast ( Cead, (2 and PE); MT and Gais, GO th

( Espirito Santa,ES; Minas Gerais, MG; Rio de Janeiro, ] and Sio Paula, &) and south (Parand, PR; Rio Crm&daSulRSmdSaruQnrmASO

25

% Koppen map
& R-Factor of Brazil
MJ mm ha' I yi' WAf
1,672 - 2,000 Am
2000 - 4.000 Aw
4,000 - 6,000 BSh
6,000 - 8.000 BWh
8,000 - 10,000 Ca
£ 1910,000 - 12,000 = Cfb
T lm2000- 14000 850 1,700 km| " Cwa 0 1.700 km
14000 - 22452 Cub ————i
W S0 w0 W0°W W W WW
Fig 2 a Rfaxormap of Brazl (: i < b Koppen dim i Son of Brazil Whes Af equatorial, fully humid; Am equatorial monsoonal; Aw, equatorial, winer

dry; BSh, hot arid steppe; BWh, hot arid desert; (i, humid, warm emperate, hot summer; Cfh, humid, warm emperate, warm summer; (wa, winter dry, warm temperate, hot
summer; Cwh, wirter dry, Warm ®mperate, warm summer.
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Table 2

Range of ranfll erasivity vaues for several locations of the workd
Locate Erasivity Source

(Mjmmha~'h=" yr—")

Tropical sites
Honduras 29807297 Mikhalovaet al (1997)
Peninsuly Mabiysia  9000-14000 Shamshad e al (2008)
Calombian Andes 1040915975 Hoyas et al (2005)
H Sivador Republic  7196-17856 Siva et d.(20m)
Southeastern Nigeria  12.814-18511 Obi and Salako (1995)
Brazil 1672-22452 Present paper
Australia’s tropics 108033500 Yu (1998)
Temperate sites
Slovenia 1318-2995 Mikos et al (2006)

Mediterrmen region  100-3203 Diodat and Bellocchi (2010)

Norfhextern Span  40-4%00 Angulo-Matinez et al (2009)

Switzerland 1245611 Meusburger etal (2011)
Korea 2109-6876 Lee and Heo (2011)

Central Chile 50-7400 Baonilla and Vidal (2011)
United Sates $5-11,900 Renard and Freimund (1994)

Table 3
Classific@tians for the inerpretason of the annual erasivity index of Brazl

Erosivity* (MJmm ha='h~')  Erosivity dass Observed data (%)
Low erasivity 26
Medium erosivity 132
Mediumstrong erosivity 3186

7357<R=<9810 Strang eras ivity 237

R 4810 Very strang erosivity 289

* Source: Carvalho (2008), modified to S.1 metric units according to Faster et al
(1981).

27

Process Based Models: Mass balance differential equation

5(cq)/5x + 5(ch)/5t + S = 0

¢ = Sediment concentration (kg/m?3)

q = Runoff discharge (m?/s)

x = Distance in the direction of flow (m)
h = Depth of flow (m)

t =Time (s)

S = Source/sink term (kg/(m?3s))

WEPP

dG/dx = Dr + Di

G = Sediment load per unit width in the flow (kg/(m s)) = cq
Dr = net rill erosion rate per unit area of rill bottom (kg/(m?2 s)) (+ or -)
Di = Interrill sediment delivery to rill (kg/(m? s))

28
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Gerador de Clima: Cligen (WEPP e RUSLE)

CLIGEN uses a separate copy of its random
number generator for each of 9 parameters:

Maximum Temperature
Minimum Temperature
Dewpoint Temperature
Radiation

Probability of Precipitation
Amount of Precipitation
Time to Peak Intensity

Wind Velocity
Wind Direction

Table 1

Precipitation-related parameters for CLIGEN

Required parameters Variable Number

name of values

Average precipitation on wet days for each month meanP 12*

Standard deviation of daily precipitation for each month sdP 12*

Coefficient of skewness of daily precipitation for each month skP 12*

The probability of a wet day following a wet day for each month Pr(W|W) 12*

The probability of a wet day following a dry day for each month Pr(W\D) 12®

Average maximum 30-min peak intensity MX.5P 12*

Cumulative distribution of the time to peak as a fraction of the storm duration” timePk 12°

* One value for each month.
® The distribution is represented by 12 discrete values.
31
Arquivo de pardmetros do Cligen

PIRACICA SP 129271 0
LATT=-22.71 LONG=-47.64 YEARS=80. TYPE=3
ELEVATION =1791. TP5 = 1.74 TP6=2.75
MEANP 0.65 0.57 0.45 0.26 0.27 0.18 0.15 0.18 0.31 0.41 0.46 0.58
SDEVP 0.49 0.52 0.45 0.32 0.30 0.24 0.24 0.17 0.25 0.37 0.42 0.47
SQEWP 2.75 3.62 3.18 4.63 5.25 5.21 5.21 6.15 3.69 3.39 3.24 2.96
P(W/W) 0.36 0.32 0.22 0.10 0.10 0.08 0.06 0.07 0.13 0.17 0.22 0.33
P(W/D) 0.13 0.17 0.15 0.12 0.12 0.08 0.07 0.08 0.12 0.16 0.16 0.16
TMAXAV | 86.76 | 87.58 | 86.74 | 83.01 | 78.76 | 76.98 | 77.94 | 81.05 | 82.09 | 84.69 | 85.71 | 85.68
TMINAV 66.24 | 66.29 | 64.40 | 59.86 | 54.10 | 50.41 | 49.57 | 52.29 | 56.43 | 60.55 | 63.01 | 65.21
SDTMAX 2.18 2.65 1.84 2.59 3.33 243 2.41 2.52 3.62 2.63 2.86 2.11
SDTMIN 1.78 1.82 1.69 3.15 3.56 2.84 2.81 2.30 1.91 1.91 2.23 1.80
SOLRAD 494. 487. 443. 404. 323. 305. 330. 380. 407. 4717. 498. 482.
SDSOL 131.0 | 117.0 | 115.0 | 107.0 | 90.0 70.0 64.0 66.0 103.0 | 123.0 | 137.0 | 124.0
MXS5P 1.42 1.89 1.67 1.85 1.17 1.17 0.55 0.75 0.90 1.20 1.39 1.31
DEWPT 68.67 | 69.17 | 67.87 | 63.27 | 59.05 | 56.30 | 54.39 | 55.72 | 58.57 | 63.01 | 65.14 | 67.78
TimePk 0.290 | 0.426 | 0.536 | 0.621 | 0.701 | 0.761 | 0.813 | 0.863 | 0.910 | 0.942 | 0.974 | 1.000
MEAN 5.53 5.17 5.01 5.01 4.59 4.84 5.45 5.68 6.36 6.75 6.75 5.99
STDDEV 1.74 1.80 1.52 1.52 1.48 1.43 1.66 1.85 1.81 2.09 2.45 2.34
SKEW 0.80 1.21 1.30 1.30 1.87 0.95 0.52 1.19 1.81 1.75 1.87 0.93

33
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Entrada de dados pelo WEPP
da | mo | year | prcp | dur |tp ip tmax | tmin | rad | w-vl w-dir tdew
(mm) | (h) ©) | (©) | Wd) | (m/s)(Deg) ©
1 1 1 22.6 | 242 | 0.04 | 5.81 | 30.0 | 18.9 | 214. 5.5 234. 22.3
2 1 1 13.3 | 1.64 | 0.26 | 6.93 | 29.0 | 18.2 | 374. 5.9 188. 20.7
311 1 419 | 1.57 | 0.77 | 7.01 | 29.4 | 18.3 | 578. 5.0 86. 18.0
4 1 1 0.0 | 0.00 | 0.00 | 0.00 | 32.1 | 18.1 | 464. 5.9 264. 18.1
511 1 87.5 | 497 |0.28 | 9.70 | 30.3 | 20.0 | 353. 5.4 179. 21.2
6 | 1 1 11.8 | 1.91 | 0.05 ] 6.32 | 31.7 | 21.3 | 327. 6.1 183. 214
7 1 1 0.0 | 0.00 | 0.00 | 0.00 | 29.5 | 20.4 | 410. 4.8 45. 20.0
8|1 1 0.0 | 0.00 | 0.00 | 0.00 | 31.5 | 19.8 | 591. 3.8 97. 20.2
911 1 8.3 | 3.99 | 0.61 | 8.28 | 30.4 | 20.0 | 563. 6.4 357. 20.8
10| 1 1 10.2 | 3.68 | 0.23 | 7.55 | 30.9 | 18.6 | 526. 4.2 305. 21.2
1] 1 1 0.0 | 0.00 | 0.00 | 0.00 | 30.9 | 18.3 | 631. 0.0 0. 17.0
12| 1 1 0.0 | 0.00 | 0.00 | 0.00 | 29.8 | 18.5 | 725. 4.0 324. 21.2
13| 1 1 0.0 | 0.00 | 0.00 | 0.00 | 29.3 | 19.8 | 474. 7.1 273. 224
34

torados durante o periodo
0s erosivos em cada
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Soil erosion change [%] between 2015 and 2070 (RCP 4.5)
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38

Erosividade da Chuva

Os cenarios modelados
mostraram as seguintes
tendéncias:

@ Regides N, NE, CE e SE

ﬁ Regido S

[ Brazilian regions [l < 2,000 [16,000-8,000 [ 12,000 - 14,000
[ 2,000 - 4,000 8,000 - 10,000 [HH 14,000 - 16,000
[ 4,000 - 6,000 110,000 - 12,000 Il >16,000

Figure 2. Estimated rainfall erosivity for Brazilian regions through 217 century. (a) RCP4.5 scenario of

'HadGEM2-ES model for three periods (2007-2040, 2041-2070 and 2071-2099). (b) RCP8.5 scenario of

HadGEM2-ES model for three periods (20072040, 2041-2070 and 2071-2099). (c) RCP4.5 scenario of Alm agro et al DOI: 10.1038/s41598-01 7.08298.y
MIROC5 model for three periods (2007-2040, 20412070 and 2071-2099). (d) RCP8.5 scenario of MIROC5

‘model for three periods (2007-2040, 2041-2070 and 2071-2099). Values in MJ mm ha~*h~" year~". Maps

created with ESRT ArcGIS 10,1 ( icom)
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Absolute difference between the projected 2050 and 2010 R-factor
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Erosividade da Chuva

- O aumento geral da
erosividade da chuva na
Europa em 18% até 2050

Norte-Centro da Europa, Canal
ﬁ da Mancha, Holanda e Norte
da Franga.

partes da bacia do
Mediterréneo

W

Panagos et al. 2017 DOI: 10.1016/j.jhydrol.2017.03.006
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