LndpoBble TeXHONOrMn Haykm o naHpwadgre

KypcC no Bbioopy
4 Kypc, BeceHHuu cemecTtp 2020 r.

NMpenopaBaTenb:

. DaHnnn Hukonaesund Koanos: daniilkozlov@gmail.com

. Kadpeapa pusnyeckomn reorpacpum 1 naHgwiagprosegeHud
UHdopmMmaumnoHHan noanepxka:

. http://landscapeedu.ru/edu_help4 DT and_R.shtml

. MpaKkTu4eckue marepuarbl, 3agaHusd, cTatbn, TEMaTUYECKNE CaUThI
3aHATUA:

. NAaTHUUa 2 napa, 10:50-13:00, ayq. 2116
3apaHuA:

. pedepart ctatbn 2017-20 roga u3 katanora ELSEVIER

. TemaTundeckume 3agaHugd

. NepcoHarbHbIN MPOEKT Mo TEMEe Hay4yHOro uccrnegoBaHus
NMpoBepkKa 3HaHUMN:

. npakTnyeckme (80%), Bonpockl ak3ameHa (10%), aktueHasa pabota (10%)



http://landscapeedu.ru/edu_help4_DT_and_R.shtml

PACIMUCAHMUE 2020

14.02

21.02
28.02

06.03
13.03

20.03

27.03
03.04
10.04

17.04

24.04

LUEJN, SAOAYN N COOAEPXAHNE KYPCA

CTtatucTnyeckum aHanms AaHHbIX

LindopoBoe kapTorpadpunyeckoe mogenmpoBaHue:

reoctaTUCTMKa N MHOMKALWMOHHOE KapTorpadupoBaHme

CTtoxacTunyeckoe u aeTepMmnHnMpoBaHHOE MoaeSNTIMpoBaHUA
npoueccoB opraHn3auunn reocnctem J'IaHLI,LIJaCbTHOFO YPOBHHA

CemuHap no npobnemam (goknagbl No cTaTbsiM)

Peseps

1 Deepane 2020 4

Mu Br Cp Yt It C6 Bc
27 28 29 30 31 1 2
3456 7 8 9
10 11 12 13 14 15 16
17[18119 20 21 22 23
24 25 26 27 28 29 1
2 T 4 5% A T A

4 Mapt 2020 »
M Br Cp Yr IMNr C6 Bc

24 25 26 27 28 29f 1}
2 3 456 7 8
9 10 11 12 13 14 15
16 17 18 19 20 21 22
23 24 25 26 27 28 29
3031 1 2 3 4 5

a3

a3

a3

1 Anpene 2020 4
Mu Br Cp Yt It C6 Bc

3031011 2 3 4 5
6 7 8 910 11 12
13 14 15 16 17 18 19
20 21 22 23 24 25 26
27282930 1 2 3
45 6 7 8 910



OOMALUHEE 3AO0AHUE

Ha ocHoBe Bawewn TeMbl HAy4YHOro UccrnegoBaHUSA:

1. COOPMYJIMPOBATDL NMPOBJIEMY N LUEJ1Ib MCCIEAOBAHUA

2. C[TIPOEKTUPOBATb TABJIUY OJ1A CTATUCTUHECKOIO AHATTIN3A
3. OBOCHOBATb LLUKANY M3MEPEHNW KAXXOOIO CBOUCTBA

4. OBOCHOBATb METOLObl CTATUCTUNYECKOIO AHAJIN3A
(cpaBHeHWe BbIOOPOK, MMHENHAs CBA3b MeXay NepeMeHHbIMI)

5. SAINOJIHUTb TABJINLY B Excel
6. COXPAHUTDL B hopmarte .csv (pasgenurerns ;")
7. UMIMNOPTUPOBATb TABJIALY B R

11 # zarpy3ka $anna gaHHex

12 data <- read.csv2("D:/Drophox/R/Monte. csv", header = TRUE, sep = ";",
13 guote = "', dec = "U", T111 = TRUE,

14 comment.char = "", stringsAsFactors = FALSE)

15

16 wviewi(data) # nokazaTe TabnWwy LaHHBX

17 stridata) # nokazatTe CTRYETYEY Tabnuwkl

18 headtfdata) # nokazaTe Nepede & CTpok Tabnwikl

1%  summaryidatal # pacuKTaTe MWH, CPeAHEEs, MELWMaHy, Makc.

8. NMPOBECTU AHAITN3 n OPOPMUTb MNPE3EHTALINIO
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1. COOPMVYJIMPOBATDL NMPOBJIIEMY W LUEJ1Ib MCCITEQOOBAHUA
YCTAHOBWTb 3akoHOMEpPHOCTU N3MEHYMBOCTb NOYB CEBEPHOWN
necoctenn CpegHepycckon Bo3BbILLEHHOCTU (LleHTparnbHo-
UepHOo3eMHbIN 3anoBeaHKK)

2. CI[TPOEKTUPOBATbB TABITNLY OJTA CTATUCTUHECKOIO AHAJIM3A

CTPOKWN — NOYBEHHbIE pa3pesbl, KONOHKM — CBOMCTBA MOYBbl (MOLLHOCTH
OPU30HTOB, TAKCOH, 3anachkl rymyca, kr/m2)

3. O6GOCHOBATb LLUKANY NSMEPEHMW KAXKOOIO CBONCTBA

MOLLHOCTN rOPU3OHTOB, 3anachkl — UHTepBalibHas, TakCOH - HOMUHanbHas
4. 3ATTOJIHUTBb TABJNLLY B Excel

m14-001 31.0 58.6
m14-002 75 90 120 YTB 28.6 54.0
m14-003 85 95 135 YTB 26.0 51.0

m14-004 70 85 80 Yn 38.0 62.0



3AO0AHUE

5. OBOCHOBATbH METOAbl CTATUCTUYECKOIO AHAJTT3A
(cpaBHeHMe BbIOOPOK, NMMHENHAA CBA3b MeXay nepemMeHHbIMN)

- npoeputb HO paBeHCTBa MHTEpBanbHbLIX 3HAaYEeHUN 419 HOMUHAaIbHbIX
KaTeropum (3anacoB opraHUYeCKoro BellecTBa A YeTbIpex NoaTUNoB
4epHO3EeMOB)

m14-001 31.0 58.6
m14-002 75 90 120 YTB 28.6 54.0
m14-003 85 95 135 YTB 26.0 51.0

m14-004 70 85 80 Yn 38.0 62.0



NMOBAJIbHbIE LIEJTIU YHEJTOBEYECTBA http://www.globalgoals.org/ru/

Ob6ecneunTb co3gaHMe YCTOMUYMBBIX CUCTEM NPOU3BOACTBA NPOAYKTOB NUTaHUA U BHEAPEHUE HAAEXKHbIX METOA0B
BEAEHMNA CeNbCKOro X03sAMCTBa, NO3BONAIOLMNX MOBbICUTL MPOU3BOANTENIbHOCTbL TPYAA M 06beM NPOU3BOAUMON
NPOAYKLMM, CMOCOBCTBOBATL COXPAHEHMIO IKOCUCTEM, YKPENAATL NOTEHLMAN afanTaLMM K USMEHEHMIO KNMMaTa U
3KCTPEeManbHbIM NOTOAHbLIM ABNEHUSAM, 3aCyXe, HABOAHEHUAM U APYTUM CTUXUAHBIM 6e4CTBUAM U MOCTENEHHOTO
yNy4ylwaTb Ka4ecTBO 3EME/b U NOYB
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ObecneunTtb 60pbOY C ONYCTbIHMBAHUEM, BOCCTaHOB/IEHWE AerpaanpoBaBLINX 3eMeNb
1 MOYB, BK/OYAA 3eMU, MOCTPaAABLLME OT ONYCTbIHMBAHWSA, 3aCyXM U HABOAHEHUI, 1
CTPEMUTBLCA K AOCTUMKEHMIO MUPA, B KOTOPOM He byaeT aerpagauum 3emenb
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Table 9. The laboratory costs of carbon detection. Conditions: the average carbon
change 1s 6 tC for the 4 ha plot; the laboratory price of the carbon determination 1s n

the range €6-16 per sample.

Conventional (IPCC., 2003) Area-Frame Randonnzed Soil
Sampling
Lal_ld_ Variability, | Number of Variability, Number | Cost
cover o Cost per tC o of per
20 samples ) .
samples | tC
Cropland 9 241 241-643 n.a.* 3 3-8
Pasture 15 675 675-1800 n.a 3 3-8
Forest 23 1587 1587-4232 n.a. 6 6-16

*n.a. = not applicable
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NCXOAOHbLIE OAHHBIE

rnoo2omoeka OaHHbIX

[ W SN

nabopartopHble aHanu3bl 105 no4ys no cnoam 0-10, 10-20, 30-40, 50-60, 70-80, 90-100 cwm:

Shown Feoua kg

NSIOTHOCTb HEHapYLLEHHbIX 06pa3uos (100 cm3),
cogepxaHue rymyca no TiopuHy (% OT HaBecku pactepTomn noysbl 2 rp.)
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PE3YIIbTAT
* 3anac rymyca B MeTPOBOM CJi0e Mno4Bbl (Kr/m2)

HO10
7.540289
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7. 648681
8.140992
8.492037
9.153990
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HO30  HO40
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&. 651540

I S S S

0.84
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HO&OD
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3.4.4 Soil organic carbon stock

Primary soil properties such as organic carbon content, bulk density and coarse fragments can be further
used as inputs for estimation of secondary soil properties which are typically not measured directly in the
field, or laboratory, and need to be derived from primary soil properties. For instance, consider estimation
of the global carbon stock (in permille). This secondary soil property can be derived from a number of

primary soil properties (Nelson and Sommers 1982; Sanderman, Hengl, and Fiske 2018) (see Fig. 3.16):

ORC
1000

HOT
gkg '] - 100 [m] - BLD [kg m?|

100 — CRF [%]

100 (3.1)

ocs [kgm %] =

where ocs is soil organic carbon stock, orc is soil organic carbon mass fraction in permilles, Hot is
horizon thickness in , BLD is soil bulk density in and crr is volumetric fraction of coarse fragments (> 2

mm) in percent.

Bulk density (BLD): 1500 kg / m® (s.d. = +100)

1 ha
Organic carbon (ORC): 50%e (s.d. = +10)
[ — — — . | Coarse fragments (CRF): 10% (s.d. = £5)
| 1 a - .
0-30 em | T . . . Total volume of the block (HOT): 30 cm (-1 ha)
— 7 | B ~ Soil organic carbon stock (OCS): 203 tonnes / ha (+44)
Soil organic carbon * 203 tonnes / ha 0CS = ORC/1000 -BLD - (100-CRF)/100 - HOT/100
tock +44 | I'h
sto _(¢44tonnes /ha) =1/10,000,000 - ORC - BLD - (100-CRF) - HOT
Total fine-earth soil  4050.0 tonnes / ha = 1/10,000,000 - 50 - 1500 kg / m" - (100-10) - 30 cm

=20.25 kg / m® = 203 tonnes / ha
0CS.sd = 1/10,000,000 - HOT - sqrt( BLD? - (100 - CRF)* - ORC.sd” +

+BLD.sd’ - (100 - CRF)’ -ORC? + BLD? - CRF.sd” - ORC?)
=4.4 kg / m” = 44.1 tonnes / ha

Figure 3.16: Soil organic carbon stock calculus scheme. Example of how total soil organic carbon stock
(OCS), and its propagated error, can be estimated for a given volume of soil using organic carbon content
(ORC), bulk density (BLD), thickness of horizon (HOT), and percentage of coarse fragments (CRF).
Image source: Hengl et al. (2014) doi: 10.1371/journal.pone.0169748. OCSKGM function also available
via the GSIF package.



NMMUTEPATYPA Soil Attribute
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. . . . plot_ea_spline.Plot 1
4.1.1 Fit Mass Preserving Splines with R istype 1. plot 2 is type 2 and
plot 3 is type 3

Modellit We will demonstrate the mass-preserving spline fittin
equal example for which there are measurements of soil
maximum depth. We can fit a spline to the maximun : : : :
any depth that does not exceed the maximum soil d 5 10 15 20
fitting splines is called ea_spline and is from th Fasbon donsty
b CSIRO Mathematical  the help file for further information on this function. |
information about how the ea spline function ci soil profile:1

200 150 100 50
NLWH

TFA. E

* Department of Agri

5l

! SoilProfilecCollection from the agp packag 5
more generic data. frame class. In the example bel a
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gravimetric water cont¢ =% S C.kg.m3. : mam 20.7 11.7 8.2 6.

equal-area quadratric Sp.oee .- g JOR— e e e ey

that controls goodness-of-fit vs. roughness. Their quality of fit varied with the A value used and it ™

was found that a A value of 0.1 was the best overall predictor of the depth functions. The results

also showed that using additional samples from the top and/or bottom of the soil profiles

improved the prediction quality of the spline functions. © 1999 Elsevier Science B.V. All rights

reserved.
T T T T
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xyplot(variable ~ value | id, data = MET_hum, type = "b", xlab = "cogepxaHue rymyca, %", ylab = "rmy6uHa, cm",)
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xyplot(variable ~ value | id, data = MET_hum, type = "b", xlab = "cogepxaHue rymyca, %", ylab = "rmy6uHa, cm",)
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3anac rymyca no cnoam 10 cm, krim2
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1. annpokcnumupoBaTtb Npodusb 3anaca rymyca B METPOBOM CIlioe
NMHEVNHOW (PyHKLUMEN
2. CONOCTaBUTb NapameTpbl PyHKUUN C APYrMMN CBOMCTBaAMM MOYB U
dakTopamun noysoobpasoBaHus (penbed);

3. npoBepuTb HO 06 OTCYTCTBMM CBA3WN 3anacoB C reHe3MCOM MoYB
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3anac rymyca no cnoam 10 cm, krim2
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HYNEBAA TUMIMNOTE3A

PE3YJIbTATA
— KOHEYHOW LENN NCCNEOOBAHUA —

HE CYWWECTBYET

HYNEBAA TUMIMNOTE3A (H,) — ocHoBHOe npoBepsiemoe
npeanosnioXXeHme ob oTCyTCTBMN pasnuynmnu, OTCyTCTBUE
BNnsHMe pakTopa, oTCyTCTBUE adpdpeKTa, paBeHCTBO HYIMO
3Ha4YeHUN XapaKTepucTnuk mMogenu un T.n.

OLUUBKA MNMEPBOIO POOA —

oTkasaTbCs OT H,, B TO BpEMS Kak OHa BEPHA;
OLUUBKA BTOPOI'O POLOA —

NpUHATL H,y, KOrga oHa Ha caMoM Jerne He BepHa

YpoBeHb 3HaunmocTu (P-level) — BeposaTHOCTb ownbKkM nepBoro poaa npu
NPUHATUN peLleHNd (BEPOATHOCTb OLLUMOOYHOIO OTKIMOHEHUS HYINEBOW
runotesbl), p=5%, p=1%, p=0.1%

MAJIO = HE AOCTOBEPHO vs. MHOI'O = TPYOOEMKO



HYNEBAA TMIMNOTE3A

FTEHEPAJ/IbHAA COBOKYMHOCTb («MCTUHAY»)

BEPHA HYJIEBAA BEPHA AJIbTEPHATUBHAA
TMNOTE3A (HO) TMNOTE3A (H1)
MPUHMNMAEM
—_ |
% ? HYNEBYIO Sl lOR OLWWWNBKA
g o MTMMOTE3Y Ho BTOPOIO POAA
o
0 v MPUHNMAEM
= =X |
g- >  AJIbTEPHATUBHYHO OLWWUNBKA L
MTMMOTE3Y H1 NMEPBOIO POAA

HO: =
YpoBeHb 3HAYMMOCTH 0: cpeaHue AByX BbIGopok (N=1000) He pasnunyatoTcs

(p-level, p-value) — p-value = 0.1371 p-value = 0.01

BEPOATHOCTb OLLINBKM

nepBoro poga npu

NPUHATUN pPELLEHNS

(BEPOATHOCTb OLUMOOYHOro p-value < 0.0001 p-value < 0.0001

OTKINOHEHNA HYNeBOW
rmnoTesbl), i“‘ u| |W
p=0.05 p=0.01, p=0.001



HYNEBAA TMIMNOTE3A

NMPUHUMAEM
% @ HYNEBYIO
O m TMMNOTE3Y Ho
B o
CX NMPUHUMAEM
¢ ® ANbTEPHATMBHYIO
TMMNOTE3Y H1

CraTtucTnyeckue owmnoku
npu nccrnegoBaHum
3aBUCUMOCTU MeXay
OBYMS1 NpU3HaKamu,

Menkue To4Ku — OOBbEeKThI
reHeparnbHON
COBOKYMHOCTH,

KpynHble — 00ObeKThI
BbI6OpPKMN.

FTEHEPAJ/IbHAA COBOKYMHOCTb («MCTUHAY»)

BEPHA HY/IEBAS
MMMNOTE3A (HO)

NMPABUJIbHO !

OLWUNBKA
NEPBOIoO POAA

Y

Wi

Y

¥

BEPHA AJIbTEPHATUBHAA

MMMNOTE3A (H1)

OLUMBKA
BTOPOro POOA

NMPABU/IbHO !




NTNTEPATYPA

Tomislav Hengl and Robert A. MacMillan

Predictive Soil Mapping for advanced R users

2019-03-17 hitps://sollmapper.org

Predictive Soil
Mapping with @&

Tom Hengl & Robert A. MacMillan
. ED ST 2RK
2 e R

These materials are based on technical tutorials
initially developed by the ISRIC’s Global Soil
Information Facilities (GSIF) development team over
the period 2014-2017. This book is continuously
updated.

» Soil resource inventories and soil maps

« Software installation and first steps

« Soil observations and variables

» Preparation of soil covariates for soil mapping

 Statistical theory for predictive soil mapping

« Machine Learning Algorithms for soil mapping

« Spatial prediction and assessment of Soil Organic
Carbon

» Practical tips for organizing Predictive Soil Mapping

» The future of predictive soil mapping

« References



https://soilmapper.org/
https://soilmapper.org/soil-introduction.html
https://soilmapper.org/software.html
https://soilmapper.org/soil-variables-chapter.html
https://soilmapper.org/soil-covs-chapter.html
https://soilmapper.org/statistical-theory.html
https://soilmapper.org/soilmapping-using-mla.html
https://soilmapper.org/SOC-chapter.html
https://soilmapper.org/practical-tips.html
https://soilmapper.org/the-future-of-predictive-soil-mapping.html
https://soilmapper.org/references.html

NTNTEPATYPA

Malone, Brendan P., Minasny, Budiman, McBratney, Alex. B.

Using R for Digital Soil Mapping

Springer International Publishing. 2017 — 262 p.

Progress in Soil Science

Brendan P. Malone
Budiman Minasny
Alex B. McBratney

g
Digital Soil
Mapping

@ Springer

This book describes and provides many detailed examples
of implementing Digital Soil Mapping (DSM) using R. The
work adheres to Digital Soil Mapping theory, and presents a
strong focus on how to apply it. DSM exercises are also
included and cover procedures for handling and
manipulating soil and spatial data in R. The book also
introduces the basic concepts and practices for building
spatial soil prediction functions, and then ultimately
producing digital soil maps.

1.

2.
3.
4

o o

Digital Soil Mapping

R Literacy for Digital Soil Mapping

Getting Spatial in R

Preparatory and Exploratory Data Analysis for Digital
Soil Mapping

Continuous Soil Attribute Modeling and Mapping
Categorical Soil Attribute Modeling and Mapping



NMPUMEP O®POPMINEHUA 3AOAHUA

HO: sanachbl OopraHnN4YecKkoro sBeuwecrtsa B METPOBOM CIi0€ HEPHO3EMOB pPaBHbLI
UTK — TUNWUYHBIN KapBOHATHbBIN, YT — TUNWUYHBINA, YB — BbILLENOYEHHbIN, Y — nyroBo-4epHO3eMHada noyea

Mopsigok: 1. aHanu3 pacnpegeneHnii; 2. napaMeTpUYeckin NN HenapaMmeTpPUYEeCKUn TECT Ha pasnnyne cpeaHmnx

T 8 I S g o ’ LD _% Z
o D éé o o | g o
=] 0" S - LT ° —
— L | 0 —|
77 - “©1®s
6 S o | & ooy
5 L) o _ o
3 3 S o : %
11 11 . 11 ~ =g TeopeTuyeckoe o | Qif’
o | N T 8 . . pacnpeferneHe 1o _s
: : : : : : | C) II|IIIIL|,|_|,|_|,|,|_L|+I_|IIIIIIII II 1 1 | I T T T T T
45 50 55 60 65 70 75 50 60 70 80 2 10 132
rmcrorpamMma MIOTHOCTb HOPMaJIbHOCTb AWKK C yCaMn n yJ'IMl71
pacnpegeneHns pacnpegeneHns pacnpegeneHns
N ——
s ! TecTbl, p-level
2o . nousa N cpegs. — P s s
. HOpM. pacnp. Yr Ys
= - YK 4 56.8 HeAoCTaTOYHO AAHHbIX
B Yr 30 59.7 0.009 —
o Us 32 57.6 0.209 0.047 —
— : Un 6 71.1 0.668 0.001 0.0001
a E * TecT Ha HOPMaJibHOCTb, ** - TecT Ha OOCTOBEPHOCTb pa3n|/|l4|/||7| cpeaHunx
- e BbIBOL: c ypoBHeM 3HauynmocTn 0.95 3anackl rymyca B
o METPOBOM cnoe pasnuyatotrcs YUn — 71.1 kr/m2; Ut — 59.7

I I : I Kr/m2; YUB — 57.6 kr/m2; ons ctaTucTu4eckm o00CHOBaHHOIO
Ug Un Ut Ui cy>XaeHuns no YTtk HegocTaTtovyHO UCXOOHbIX AAaHHbIX



NMPUMEP O®POPMINEHUA 3AOAHUA

HO: 3anacbl opraHM4ecKoro BewecTBa C rfyonHOM MEHSIIOTCA HE3AaBUCUMO

3aBucumasg nepemeHHas (Y) — 3anacbl rymyca B cnoe 0-100 cm (h001m
g ) i ( ) modenb Y = b0 + b1*X

He3aBncumaga nepemeHHasa (X) — 3anacol rymyca B cnoe 0-50 cm (h0050)

o Im(formula = data$h001m ~ data$h0050)

o Residuals:
e Min  1Q Median 3Q Max
-5.7598 -1.5048 -0.0329 1.8413 8.4789

Coefficients:

Estimate Std. Error t value Pr(>|t|)
(Intercept) 4.4578 4.0250 1.108 0.272
data$h0050 1.4763 0.1075 13.733 <2e-16 ***

3anac 0-100 cm, kr/m2

Signif. codes: 0 ****0.001 *** 0.01 **0.05°."0.1 “" 1

50 55 60 65 JO 75

Residual standard error: 2.873 on 70 degrees of freedom

o sanac 0-50 cM, Kr/M2 Multiple R-squared: 0.7293
I I I F-statistic: 188.6 on 1 and 70 DF, p-value: < 2.2e-16

a5 40 45

1. nuHenHas mopens Buaa [3amnac 0-100 cm] = 0 + 1.5 * [3anac 0-50 cm]
obbscHseT 72% (R2=0.72) naMeH4YMBOCTH 3anacoB OPraHNYeCcKOro BeLLecTsa B METPOBOM Crloe npu
cpeaHekBagpaTtmnyeckon ownbke nporHosa 2.9 kr/m2 (Residual standard error: 2.873);

2. 3HAYMMOCTb MOENN NOATBEPXKAAET BbICOKOE 3Ha4YeHue F-ctatnuctmkn, pasHoe 189, n obwmin yposeHb
3Ha4yMmocCTu: p-value: 2.2e-16, 4to MHoro meHbLue 0:001;

3. yBenu4yeHue 3anacos B crioe 0-50 Ha 10 Kr cooTBETCTBYET yBenmyeHuto 3anacos B crioe 0-100 cm
NpuMepHO Ha 15 kr. 3Ha4YeHne KOHCTaHTbl NMMHenHon mogenu (b0) HegocToBepHO oTnnyvaetcs ot 0;

4. Hanbonbluee nonoxuTenbHoe OTKNOHEHWE UCTUHHOIO 3Ha4YeHUs1 OT MOAENbHOro cocTasnseT 8.5 Kr,
HanbornbLee oTpuLatesnibHoe -5.8 Kr;

5. MNo4yTn NnonoBnHa OCTaTKOB HAXOAUTCA B nNpeernax ot nepsou keaptunm (1Q = -1.5 kr/m2) go tpeteen (3Q
= 1.8 kr/m2)




