\", Irrigation Sciences and Engineering (JISE) Rgsearch

‘ - Vol. 47, No. 1, Spring 2024, p. 67-81 aper

Shahid Chamran
Universily of Ahvaz

Journal homepage: https://jise.scu.ac.ir

EXTENDED ABSTRACT

The MODIS daily produces snow cover modification based on cloudy
effects analysis (case study: northwest of Iran)

R. Ebrahimi*, S. Marofi®” and H. Torabzadeh Khorasani®

1- PhD candidate in Water Resources Engineering, Department of Water Science Engineering, Faculty of Agriculture, Bu Ali Sina
University, Hamedan, Iran.

2"- Corresponding Author, Professor, Department of Water Science Engineering, Faculty of Agriculture, Bu Ali Sina University,
Hamedan, Iran. (marofi@basu.ac.ir)

3- Assistant Professor, Department of Civil Engineering, Faculty of Engineering, Bu Ali Sina University, Hamedan, Iran.

ARTICLE INFO TO CITE THIS ARTICLE:
Artlcle history: Ebrahimi, R., Marofi, S., Torabzadeh Khorasani, H.
Received: 4 March 2022 (2024). 'The MODIS daily produces snow cover
Revised: 15 August 2022 modification based on cloudy effects analysis (case study:
Accepted: 20 August 2022 northwest of Iran(’, Irrigation Sciences and Engineering,

47(1), pp. 67-81. doi: 10.22055/jise.2022.40100.2015.

Keywords:

Snow Metering, Local Stations,
linear Regression, Satellite Image
Correction, Spatio-Temporal
Discontinuity.

Abstract

Remote sensing is a fast and cost-effective solution in preparing and presenting this data to climate
models due to the difficulty of preparing snow meteorological data in the field. The presence of
clouds is one of the problems of satellite images that cause temporal-spatial fragmentation of snow
data and increase its resolution efficiency. This study aims to provide a suitable framework for
removing the effect of clouds on satellite images and generating the satellite snow metering data
without disturbing cloud effects. For this purpose, first, daily MOD10A1 images of the MODIS
sensor products were refined (temporally and spatially) using local snow depth data, average
temperature, and daily rainfall of the Lake Urmia catchment and western part of the Caspian Sea
basin. A multivariate linear regression model application showed that the normalized snow
differential index (NDSI) values correlate with existing snow metering station data (r= 0.85 and
RMSE= 0.047). Accordingly, the cloud-covered areas in the MODIS images were replaced with the
values obtained from the model. Then, new NDSI values were calculated using geostatistical
methods and the location of each pixel's location. By examining the relationship between the NDSI
and the cumulative snowfall from January to March 2016, it was found that replacing the primary
satellite images with corrected images can increase the R? from 0.63 to 0.81. Therefore the proposed
methodology could improve the accuracy of satellite snow metering.

Introduction

In many arid and semi-arid regions of the world including Iran, snow accumulated in snow pits
creates a significant supply of water resources as snow-equivalent water in the mountainous areas of
the basin (Tabari et al., 2010). The reservoir also plays an essential role in providing the base
discharge of permanent rivers and under special conditions in controlling the flood regime of the


https://jise.scu.ac.ir/

68
Ebrahimi et al.,47 (1) 2024 DOI: 10.22055/JISE.2022.40100.2015

rivers downstream because the snow remains in the basin for a long time before it becomes runoff in
the form of solid and cold masses. Knowing the level of snow cover and its storage volume is one of
the most basic needs of water resources managers (Marofi et al., 2009). An integrated evaluation of
cloud pixel reduction and correction methods shows that although these methods are instrumental in
reducing cloud opacity, they are associated with uncertainty and lead to a reduced spatial or temporal
resolution to varying degrees (Gao et al., 2010). The primary purpose of this study was to provide a
suitable method for estimating cloud pixels of daily snow cover images of Modi's sensor according to
digital elevation map, average daily temperature data, daily precipitation, ground-recorded snow
depth data, and also determining the Spatio-temporal distribution of snow to Especially in the
problematic areas. It has been without statistics and with many clouds. In this study, first, the
relationship between NDSI values with snow depth, average temperature, precipitation, and altitude
of ground stations has been investigated. This connection is then used to remove the opacity of the
cloud cover of pixels without NDSI data, and a new image is created that lacks cloud data. More
confidence and accuracy in estimating the snow-covered surface are provided using reconstructed
images.

Methodology

In this study, the Iranian Meteorological Organization prepared data on average daily temperature
and daily precipitation in the study period. In addition, two types of local and satellite data have been
used to evaluate the relationship between snow metering at local stations and NDSI data to enable
model validation. In this area, the received images of the quarter have been processed from the first
of December to the end of March 2019. In the local data preparation stage, using digital maps of the
area, the height of basin stations and their location were reset, and the database of these stations was
prepared in GIS format. Then all data and parameters measured at local stations, including average
daily temperature, precipitation, and altitude, were normalized to minimize the effect of scale change
in subsequent comparisons. In the first stage of processing, the dates at which the ground snow depth
data were collected at each station and the image of that area was also cloudless were identified. The
MATLAB software used the linear multivariate regression method for statistical relationship
investigation between the data of the selected stations (Al-Hosseini et al., 2016). In regression
calculation, the NDSI value was considered a dependent variable, and other parameters including
snow depth, average daily temperature, precipitation, and station height were considered independent
variables. The regression relationship of healthy and cloudless pixels in images was used to model
NDSI cloud pixels. Thus, NDSI modeled images are produced daily, even on days when ground
snow metering is incomplete. In the second data processing stage, spatial coherence in the images
can be achieved according to each point and neighborhood.

Results and discussion

Satellite and terrestrial snow meteorological observations are highly correlated concerning
climatic parameters (temperature and precipitation) and topography, and the possibility of
reconstructing satellite observations in cloudy weather based on terrestrial observations is confirmed.
In other words, having the snow depth at the stations makes it possible to calculate the NDSI
accurately. Snow depth has the most significant impact on the amount of NDSI. At the same time,
climatic parameters have the most negligible effect. By observing the NDSI values during the study
time in snow metering stations, the performance of the proposed method can be evaluated. After
performing two-stage cloud effect corrections, the statistical relationship between the cumulative
amount of NDSI corrected and the cumulative amount of total snowfall was assessed. In this case,
while increasing the coefficient of explanation from R?= 0.63 to R%= 0.81, the value of RMSE also
decreased by 0.17. These values confirm the efficiency of the proposed method and the effect of
temporal-spatial corrections on more accurate snowfall estimation in the study area.
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Conclusions

By examining the relationship between NDSI and the cumulative snowfall from January to March
2019, it was found that replacing primary satellite images with corrected images has increased the
coefficient of determination (R?) from 0.63 to 0.81. This indicates an improvement in the accuracy of
satellite snow metering using the present method. According to the acceptable results of the present
study, the above method can be used as a quick and reliable supplement for field snow measurement
in areas where depth measurement may not be performed completely and accurately. Because in
some parts of Iran, due to equipment or operator error technical defects, ground depth measurement
is not recorded correctly, satellite images with two-phase cloud correction will reduce mistakes in
upstream models, such as climate forecasting models.
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Table 1- Specifications of snow gauge stations

Station Longitude Latitude  Altitude (m) Station Longitude  Latitude  Altitude (m)
Ghareziaodin 45.00 38.91 1170.9 Bukan 46.23 36.52 1386.1
Sahand 46.11 37.93 1641 Chaldoran 44.40 39.06 1888.5
Salmas 44.84 38.21 1339.3 Khoy 44.99 38.55 1103.4
Saghez 46.31 36.22 1522.8 Mahabad 45.71 36.75 1351.8
Sarab 47.53 37.93 1682 Mahneshan 47.68 36.74 1284.5
Sardasht 45.48 36.14 1556.8 Maku 44.39 39.37 1411.2
Sarein 48.08 38.14 1658.3 Miandoab 46.05 36.96 1300
Shahindezh 46.73 36.66 1395 Naghde 45.41 36.96 1307
Tabriz 46.24 38.12 1361 Orumie 45.05 37.65 1328
Takab 47.09 36.39 1817.2 Oshnavie 45.13 37.05 1415.9
Zanjan 48.52 36.66 1659.4 Piranshahr 45.14 36.69 1443.5
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Table 2- Mean precipitation, snow depth and average temperature of the meteorological stations in 2019

Average temperature (°C)

Snow depth (mm)

Precipitation (mm)

January  February

March

January

February

March  January

February

March

2.69 2.72

2.79

2202.86

2161.94

215512  2519.35

2482.31

2466.87
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Definition Code
Percentage of snow cover 0-100
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Ocean 239
Cloud 250
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Fig. 7- (a) Statistical comparison of total snowfall in the stations during study period with cumulative
NDSI, without corrections, (b) after two-stage cloud corrections
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