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A b s t rCansitlering the coarse pixel resolution of soil moisture data remarkably limited its usage in fine watershed
scale and crop yield estimatiowe utilized machine learning method to improve its spatial accuracy. Random Forests,
Classification and Regression TreenKarest Neighbors and Bayesian algorithms were used to regress soil moisture
data to 1km pixel size. Consequently, Random Foregiaved superior both in accuracy and consistency, followed by
Classification and Regression TreenKarest Neighbors and Bayesian.

Keywords: soil moisture data; downscale; machine learning algorithm

1. Brief Introduction

It is known that soil moisture (SM) is an important element in land surface heat exchange
as well as water recycle. Currently SM is prevalent used in analyzing hydrology procedure,
climate change, vegetation cover percent soil water holding capacity amad (Byusch 2007)
After more than 35 years of development, there have been various kinds of satellite based SM
products monitoring global soil humidity continuously. According to the different working modes
of sensors, they are divided into active remote sensing, passivaete sensing, active remote
sensing and passive remote sensing combined SM produtis2001, Moran, Petetsidard et
al. 2004, Dorigo, Grubest al. 2015) In general, passive based SM datasets have good accuracy,
short revisit period ({1.5 day) but coarse spatial resolution (~25 km) which could hardly satisfy
the requiement of regional high precision application. Comparatively speaking, active
microwave sensor acquired SM data has high spatial resolutieB0(2), but long revisit period
(16-25 days). In addition, because the backscattering frequency of synthetirapadar (SAR)
is higher, the accuracy of soil moisture estimation in vegetation coverage area and crop area is
obviously lower than bare land, and the corresponding error is larger than bare land. As a result,
in the study of diverse land cover types amlysis of regional SM data sequence, the passive
based soil moisture data or the combination of active and passive remote sensing soil moisture
data could be the prior choice.

2. Purpose of theWork

There already have several kinds of downscaled methseld by scholars to gain high
resolution SM products, such as pioalsed linear regression model, universal triangle algorithm,
nortlinear formula, machine learning based algorithm. And they achieved quite well results. But
there still exists a lack otwdy focused on comparing different machine learning based methods in
downscaling passive and active combined SM products. So in this study we employed and
compared four kinds machine learning based algorithms in downscaling European Space Agency
Climate (hange Initiative soil moisture (ESA_CCI_SM) over Northeast China. The purpose of the
work is to explore an effective method to acquire high resolution SM so as to help monitor trans
border land ecosystems heat exchange and land surface water cycle.
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3. Materials and Methods

3.1 Materials

The data collections used in this study are mainly composed by four parts, and they are
described as follows:

(1) The administrative division data. There are three provinces included in Northeast China
which are namedJilin, Heilongjiang and Liaoning Province individually. And Heilongjiang
Province is adjacent to Russia. We extracted the corresponding region from Administrative
divisions of China derived from National Data Sharing Infrastructure of Earth System Science.

(2) European Space Agency Climate Change Initiative soil moisture (ESA_CCI_SM). Since
2010 European Space Agency started Climate Change Initiative (CClI) plan to monitor and analyze
global land ecosystem and climate correlated elements. ESA_CCl_SM pravide® . 25 A pi
resolution daily soil moisture product across the globe since 1979 with a combination of active and
passive microwave sensor. We calculated the monthly arithmetic mean value to gain monthly
average soil moisture.

(3) Explanatory variablesnithe study, we utilized Digital Elevation Model (DEM) data
from Shuttle Radar Topography Mission, MODIS Land Surface Temperature (LST) of Day and
Night, MODIS NDVI and surface reflections (red, blue, NIR, MIR) to regress and build prediction
model with E®&_CCI_SM. Besides, we used MODIS 44W water mask data to remove water body
area.

(4) In-situ measurements. Station SM records are used to validate the quality as well as
consistency of different algorithms downscaled SM. We acquirasitunrmeasurementsdim Crop
Growth and Soil Moisture Values in China provided by China Meteorological Science Data Sharing
Network.

3.2 Methods

We selected 4 machine learning algorithms, including Random Forest (RF), Classification
and Regression Trees (CART);r€arest neigbor (KNN) and Bayesian (BAYE) to analyze their
performance.

(1) Random Forest (RF) is a classifier which uses multiple decision trees to train and predict
samples and was first developed by Leo Breiman and Adele Cutler. There are 3 main steps in RF
proces. Firstly, from the original dataset, we take a sampling with replacement method to construct
the subdataset, and the data quality of the-glabaset is the same as that of the original dataset.
Secondly, a certain sulataset composes a sub decisiore.tréhirdly, if we need to obtain
regression results through the constructed decisionségehe results of RF algorithm can be
obtained by averaging the prediction of the decisiondete

(2) The essence of Classification and Regression Trees (CARID) produce a binary
decision tree. CART produces a series of cut points to make sure that every sample within a
subgroup has maximal homogeneity and samples in different subgroups have maximal diversity.
Cut points are called nodes and terminal modegalted leaf nodes which divide the dataset to a
final subtree.

(3) KNN is a simple machine learning algorithm. In determining the classification, KNN
method decides the category of the sample to be divided merely according to the nearest k samples.

(4) BAYE model can be divided into two parts. First of all, training data is utilized to obtain
the likelihood function. And we get the posterior distribution by the combination of likelihood
function and a prior distribution. Secondly, a weighted integrebmsputed in the whole parameter
space by using the previously obtained posterior as weights to gain a predictive data distribution.

4. Attained Results

The eight monthly station records from 2003 to 2012 were taken to validate the quality of
the four downsaled SM products. We used root mean squared error (RMSE), mean absolute error
(MAE), Bias, and coefficient of determination (R2) as the performance evaluating indicators. After
comparison, we found that RF downscaled SM ranked first with higher R2 tleamthler
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algorithms. Moreover, RF downscaled SM got relative low RMSE, MAE and bias. Both CART and
KNN ranked second. CART behaved well in R2, which means it had an advantage in correlation
than KNN. By contrast, KNN model had better data accuracy than CARIEst, BAYE ranked

last as regressed data got obvious abnormal peak and valley values.

What need to pay attention to is that the R2 between station records and downscaled SM
was not ideal enough. That was probably due to scale effect and scale ocmnvérsitu
measurements could only stand for SM of point scale, which was quite different konpikel
scale. In addition, we also found that the correlation betwesiturmeasurements and original
ESA_CCI_SM was lower than that of RF downscaled SNHigher than the other three results.
This discovery may indicated that with scale decreasing, the fitting degree between polygon scale
SM and point scale SM is changing subtly.

5. Conclusions

Satellite based SM product obgst dbmenwai erl
exchange analysis. However, its coarse resolution limited the usage in watershed scale. In this
study, we downscaled 25 km spatial resolution ESA CCIl_SM data to 1 km by using four machine
learning based algorithms over Northeastn@hiValidation results showed that RF regressed SM
achieved best performance, followed by CART and KNN, and it seemed that BAYE not appropriate
to downscale SM with massive significant abnormal regression values.

As the whole validation results did ngfain ideal accuracy, further study would be
concentrated on explore diverse station records (such as soil moisture related meteorological data)
to evaluate the quality of downscaled SM. Also, we had better clarify the mechanism that how
meteorological datgenerate feedback relation to soil humidity.
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DEVELOPMENT OF ECO-TOURISM WITHIN REGIONAL SIGNIFICANCE
SPECIALLY PROTECTED NATURAL AREAS OF THE TRANS-BAIKAL TERRITORY
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T er r i, KrasmoyZeezdySt 51a, Chita, Russia
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Abstract: The papeexamineutdoorrecreatioradvantageandmainobstaclegor developmenbf ecotourismin the
TransBaikal Territory Principalapproacheso ecotourismdevelopmentiswell asthe importance of ectourism for
development of the regial significance SPNA are analyzed in the paper.
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HHHITHATHEBI

1. TIpoexT « IroHOMIH ecKiii ogc II1émkororo myTm: (ITILLIIT):
- CTPOHTENECTEO «EEpazHiicKOro CyXOMyTHOI O MOCTAa», KOTO PhIil NpecraeisieT co0oi
710 GANBHYIO JOTHCTHYECKYH0 IIeTs OT BocTodHOH wacTu Kuras no 3anagsoit ERpons! (mo T.
Portrepmam)
- pPasBHTHE 3KOHOMHMYECKHX KOPHIOPOER, coenuuaoniix Kurtaii ¢ MouromueHi, Poccuei,
IenTpamsHoit Asueii u FOro-BocTro4uHoi Asueit

2. TIpoext « Mopcroii IT1énkoesii myte XX Bekay (MILIT):
- coznaHue 3G eKTHBHOM CeTH TPaHCIIO PTHEIX MApIIPYTOE MEKIY KPYITHEHI MMH [0 pTaMH
PasIMYHEIX CTpaH
- Pa3BHTHE 3KOHOMHYECKOT0 KOpHIopa depez ITHAHCKIE OKeaH, coenHHI oM Kuraii ¢
HOnxmoi Aswueti, bmroxkamnM BoctokoMm 1 CpenmzeMHEIM MOPEM

Ieny HHMITHATHB BI

1. nenmu comelficTBHS MeKIyHapOoIHOMY Pa3BHTHIO, COOTBETCTBYIONIHe HHTepecaM §0/IbIIof IPyIIbD
CTpaH:
- IPOAEICKSHHH BE3aMMOCEA2ei Mekny AzmnatckiM, EBponefickiM 1 A pHEKaHCKIM
KOHTHHEHTAMH, a TAK:Ke MPHIeTaroIIHMH K HHM MOPAMH IUIA YCTAHOBIEHHA H YRKpeIUIeHHI
MAapTHEPCKHX OTHOMIEHHI MeXKIY cTpaHaMH (YYacTB YVEOIIHMMHE B IIPO eKTaxX KOHIISIIITHEL)
TMIOCPENCTEOM CO3MaHMI THBepCcH( MITMPOBAHHEIX M CBI3aHHBIX MEXKIY c000il ceTell coobmenms,
YTO [TO3BOJIHT D0 OHThCA cOaTaHCHPOBAHHOTO H YCTOMHBOTO IKOHOMHYCKOT O Pa3sBHTHSI DTHX
CIpaH;
- DHBepcH( MKAIHI HMIIOPTa SHEPrOPECYPCOR M APYTHX BHIOOE CHIPBS
2. menH, oTBeYarollHe HCKIHYHTEIsHO HHTepecaM KuTan :
- Sopbba ¢ IepenpoH3E OACTEOM B OTHENE HEIX OTPACIAX KHTAHCKON IPOMBIIIIEHHOCTEH,
- CTHMYJIMPOBAHHE SKOHOMHYECKOTO POCTa Yepe? PealHM3allii0 KPYITHOMACII TaOHBIX
HHGPACTPYKTYPHBIX POEKTOB, IIPH 3TOM HCIIONb3ys He TONbKO KHTAHCKHIl KallHTall, HO H
0GopynoBaHHe, TEXHOIOTHH H paGodyiO CHITY;
- CHIDKEHHEe HEPaBeHCTEA B JIOX0Max MEXKIY KHTaHCKHMMH PerHO HAMH, B YacTHOCTH
CTHMYJIHPOBaHHE MOLePHH3alHH 3allalHbIX per HOHOB KuTas.

1. BHYTpEeHHHE! NIPSOO0JIEHHE KPH3HCA IEPENPOH3BONCTEA B O TOENb HBIX OTPACIIAY IMPOMBIIMMIISHHOCTH,
PasBHIHe IICHTPATBHBIX H 3allalHbIX lprOBIdZHII[fﬂ:'i

IIpropuTeTs! 2. BHENIHHE: pacll HpEHHe TOPT OBIIH, CO3IaHHe TpaHCr paHHIHOH HHQPacIpyKTypEL AHBepCHOHKAIIHT
HHHITHATHBEI TOPTOBRIX CEA3eH ¢ MoTpeGHUTeAMH KHTaiCKo H PO AYKITHH M MOCTABMIHMKAMH CHIPbA [T SKOHOMHKH
Kiras, nponeickeHHe 10aHT B pacdeTax, paclIHPEHHe CEOST 0 SKOHOMHEECKOTO H ITOMHTHIECKOT O
BIMAHHA, a TAICKe I'YMAaHHTapHEIX CBA3eH
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