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Abstract

Transboundary river basins provide inhabitance waatker resources to millions of people
around the globe and they are a source of disputsng neighbor countries also. This thesis
focuses on the snow melt and runoff modeling ofmalstransboundary river, Talas; using a
physically distributed rainfall-runoff model, TOPHWAETH. Investigation on the use of
remotely sensed precipitation estimates and MODtSsvscover images shows that they can be
a key to model snowmelt and water resources of teraod un-gauged catchments. However
the need of observed precipitation data from déffiéregions and elevation zones of the basin
is vital in generating the runoff with higher acacy. Annual runoff prediction strategies from
snow cover area is also proposed which can beeaftdrelp in efficient management of water
resources and hence in resolving conflict betwden riparian countries, Kyrgyzstan and
Kazakhstan.

Keywords: Talas River, Remotely Sensed Precipitation, TRMHRACC, MODIS, Chu-Talas

River Basin, Transboundary Rivers, Central Asia.
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Chapter 1

1. Introduction

Transboundary waters play a key role in supportifeg of millions of people in Europe,
Central Asia, South Asia and Africa. Transboundaagins provide inhabitance to more than
50 % of population (approximately 460 million pespand occupy more than 40 % of surface
of the European and Asian UNECE rediamly (UNECE 2011). The five Central Asian
Republics (CARs) have since independence beendalispute about transboundary waters
division. The upstream countries Kyrgyzstan andkisign want to use water in winter for
producing hydroelectric power. This sometime caudkexls in the downstream countries and
scarcity of water for irrigation when it is badlgeded in the summer. During Soviet rule, the
upstream countries were provided energy by cegtraérnment and water was stored in dams
for use in the later part of the year (Libert anpponen 2012). In order to meet the continually
increasing demand of cotton or ‘White Gold’ by thentral government in Moscow, the
irrigated land increased by 4.9 million ha in 7@sgeof Soviet rule making the total cropland
area to be 7.5 million ha. From 1950 onwards newjepts were launched for developing
highly integrated water distribution and irrigatiovetworks. The agricultural production is
more or less completely dependent on irrigatione Tmportance of agriculture can be
understood from the fact that 40 % of populationdARs is directly employed in the
agriculture sector and for a huge number it seagemajor secondary income source (O'Hara
2000). Presently 93 % of total water resourcescamsumed for agricultural purposes but
unfortunately this sector contributes least to th@DP mainly because of

mismanagement (Porkka et al. 2012).

With the fall of the Russian Federation, there s aiternative energy source for upstream
countries. Winter water releases, floods in lowndyiareas and water shortages are the
outcomes of hydropower generation by Kyrgyzstan @agkistan. More than 90% of total
electricity demand in these two countries is mebulgh hydropower and they also export
some (UNECE 2011). This causes increasing tensietvgeen neighbor countries coupled with
poor management, deterioration of infrastructuegklof information system and distrust
towards each other (Porkka et al. 2012; O'Hara 2000

! http://iwww.unece.org/oes/nutshell/ecemap.html




Chapter 1 Introduction

Amu Darya is the largest river in Central Asia whigriginates from Tajikistan, Afghanistan
and has a total length of 2540 km. The total cagitrarea of Amu Darya is 692, 300 kwith

an average annual discharge of 78.5.Kilme second largest river in Central Asia, Syry@ar
originates from Kyrgyzstan and is fed by Naryn &@ta Darya (Naryn Darya receives water
from more than 700 glaciers in the Tien Shan maaornge). The total length of the river is
2200 km, with an average annual discharge of 3h2 RVARMAP 1996) Amu and Syr
Darya together account for almost 90 % of the tasdble water resources in the Aral Sea
Basin. The 10 % of the remaining water resourcegganerated from hundreds of small rivers

and streams in the region.

The water use in Central Asia was small and moghefabstraction was made from small
rivers and streams in the region until the firskf lvd last century (O'Hara 2000). Diversion
from large rivers was difficult and only 17 % of Anbarya discharge was being used 50 years
ago (Lewis 1962). With the rise in population anmbm®nous increase in water demand for
irrigation, hydro power, industrial use and ecosgstrequirements, the harnessing of water
resources and construction of large dams on bigrsivs inevitable. But the importance of
small rivers can still not be underestimated. Thednreds of small trans-boundary rivers,
glacial lakes and ground waters are not only ingartin terms of water resources and
sustainability of the communities living in theiicinity but they also pose a regular threat
through calamities caused by floods or droughtthéosame people. From unofficial sources
around 2000 people died in Uzbekistan enclave a@ikiBimardan when a small dam broke in
Kyrgyzstan after overfilling from a combination leigh rainfall and high temperatures (O'Hara
2000). More recently on March 10, 2010, a small daited due to high rain and snow melt
leaving 45 people dead, 300 injured and ruiningdneds of homes in a small village in

Kazakhstah There are lots of similar cases of disastersezhby small dams and rivers.

There has been a large amount of research andgatasbrk done on Amu and Syr Darya.
Keeping in view the need of research on small tranedary rivers, this study focuses on Talas
River, having a total length of 661 km and a catehtrarea of 44, 115 Kmlt is one example
of the numerous small rivers and streams that gémd0 % of the water resources of the Aral
Sea Basin. It originates from Kyrgyzstan and flaw#&azakhstan. Despite of its small size, the
river is important to both of the countries andaisource of dispute among them also. The
snowmelt and river runoff is simulated from 2002 using TOPKAPI-ETH model. Most

2 https://www.youtube.com/watch?v=0Q00p_xKH4NQ




Snowmelt Modeling

of the input data was obtained from remote senpirglucts. The simulated discharge and
snow cover was compared with observed runoff freghtegauging stations and snow cover
data supplied by MODIS. The accuracy assessmentvsshgood correlation for the
mountainous stations and fair correlation for flpladsh gauging stations. In addition, the
annual runoff prediction method is also proposedhi@ study that can be of great help in
managing water resources of the river and prevgrdisasters caused by the floods or by
below average discharge. The present study ses/espaototype of the bigger and complex
problem faced by the Central Asian Republics reggrdransboundary Rivers.

1.1. Snowmelt Modeling

Snow cover has an important impact on earth’s gneajance and environment on a regional
scale as 50 % of the Northern Hemisphere is coveyatlin the winter (Dietz et al. 2013). The
stream flow generated from snow melt is not onlpamant for mountainous regions but it also
provides water to the lowland areas. Mountainses@rto 90 % (in extreme cases >95 %) of
total rivers discharge in arid and semi-arid regiamich make them one of the most important
water towers of the world (Konz et al. 2010). Sarly the Hindu Kush-Karakoram-Himalaya
(HKH) region is also called the third pole of thend due to the large amount of snow packs
stored in their mountains and they provide watedftnking and agricultural purposes to some
of the most populated countries in the world (Reibtti et al. 2012). Snow melt is a major
source of fresh water for Aral Sea and Lake Balkhmtchments also. This makes the study of
snow melt phenomena important. Variations in snawec and spontaneous snow melt can

result in natural calamities like droughts, floods]andslides (Dietz et al. 2013).

Snowmelt models can be divided into two board aaieg; temperature index models (also
called conceptual models by some authors (O'Hab@)2@&nd physical energy balance models.
The melt rate is calculated with an empirical folawith temperature as only input variable in
the former model type. The latter may be definedaasmodel in which the melt rate is
calculated from sum of energy fluxes taking platéha glacier surface. The individual fluxes
are calculated from physically based measuremesntg) ulirect computation of meteorological
variables. Temperature index models have been wigedd but they have the disadvantage
that the melt rates can be calculated for the wicakehment in a lumped or semi lumped
manner only (Pellicciotti et al. 2005). The physieaergy balance models on the other hand
have rigorous data requirements which are usualiynet in remote catchments (like our study

area) in developing countries.
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Snowmelt is the major source of Talas river disgham this study, TOPKAPI-ETH model has
been used which employs an enhanced temperatwee mdthod for estimating melt rates. It is
an intermediate approach between the two categdessibed above and combines benefits of

parsimonious data requirement and physical reptaen of important surface energy fluxes.

1.2. Study Area

Talas basin having a total afeaf 44, 115 krf is located on the northern part of Tian-Shan
Mountains and on the eastern corner of Turan logv{&ngure 1). The mountainous part of the
basin lies in the Talas province of Kyrgyzstan veherost of the river runoff is generated while
the lowland area is in Jambyl province of Kazakhstéhere are 20 small rivers in Talas
basin (UNECE 2007). The Karakol and Uch Kochoy msveriginating from Kyrgyz ridge and
Talas Alatau meet at the tail end of Talas valleyfdrm the Talas River proper. In the
beginning, the river flows in the western directenmd after entering Kazakhstan it flows in the
north-western direction. The river runs through thges of Talas, Kyrgyzstan and Taraz,
Kazakhstan; and ends in the Moinkum sands befaehieg Lake Aydyn forming small ponds
and marshlands (UNECE 2011).

Talas River is 661 km long out of which 453 km @9 lie in Kazakhstan and 208 km (31 %)
in Kyrgyzstan. There were 21 gauging stations enriver in Kyrgyzstan out of which only 13
are operational now (UNECE 2007). The runoff ofaBaRiver is 1.616 kiyear as stated in
UNECE, Second Assessment of Transboundary Rivatged and Groundwaters (according to
flows in 1983). The available water is equally ded between the two countries (CTWC
2006). There is only one reservoir on Talas Riveicty is called Kirov reservoir. The designed
storage capacity of Kirov is 0.55 RUNECE 2011). Analysis of last 13 years of dataveh
that the river has an average annual inflow of &7 at Kirov Reservoir. In Kazakhstan there
is Tersashchibulak reservoir with a storage capaditt58 million m3 on the Ters River which
is a tributary that runs into Talas (UNECE 2007).

Water is used for grazing and animal husbandrhérhountainous parts and it is abstracted

for irrigation and animal husbandry in the foothiknd lowlands of the basin. The irrigated

% The area of Talas Basin reported by Kyrgyz andakh authorities is 52, 700 KnfUNECE 2011). The
difference in area calculated by us occurred bexdhe flat part of the catchment is difficult tolideate in
ArcGIS. But this will not affect the results of gent study whatsoever.
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Figure 1: Geographical location of study areaalas basin has borders with Chui al
Jalalabad provinces of Kyrgyzstan on east and south side. It isctexdne Uzbekistan by
a small finger in the south-west direction.

land in Kyrgyzstan and Kazakhstan is approximatEy,600 ha and 105,000 ha (UNECE
2007). 95% of water resources are used for irogaith the basin (CTWC 2008).

Application of pesticides and fertilizers on craplas affecting water quality in both countries.
The main sources of pollution in Kyrgyzstan areremted industrial and residential waste
water, mining waste in the mountains, animal bregdiischarge and dumping of waste in open
places close to the residential area. Ammoniunegén and copper are the major pollutants
and the concentration of iron is observed to bédrign water close to Talas city. An additional
polluting factor in Kazakhstan is untreated wastaten from sugar and alcohol
factories (UNECE 2007). One important developmanthie recent years is gold and copper
extraction from the mines in Kyrgyz ridge of Talestchmerft This will bring economic
prosperity as well as it will be a source of watetlution if necessary treatment methods are

not adopted.

4 http://www.tcg.kg/index.php?option=com_content&wi=article&id=182&Itemid=184&lang=en
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Contrary to most of the other transboundary watére, cooperation on water resources
management of Talas River is a success story. élegations from the two countries agreed to
resolve the problems through mutual understandifige Chu-Talas Water Commission

(CTWC) was inaugurated on 26 July, 2006 in Bishkek tstiiutionalize the resources

management and water management facilities in GllasTbasins. Kazakhstan agreed to pay
part of the cost that it incurs in building newradtructure and maintenance of the old (CTWC
2008). This is a good beginning to counter isswganding sharing of water and has set
example for other countries as well. The mutuatrdst and lack of cooperation between

experts’ groups of the two countries are due tdalewing reasons (Rodina et al. 2008).

Figure 2: Pictorial view of 84 m high wall and discharge paifitTalas Dar. The dam wa
constructed in 1975 (Rasskazchikov 2010). Imagesq@TWC 2008)

- Timely assessment of water resources is not pesgie to decaying infrastructure.

— The volume of water available from snow cover inrg§zstan cannot be determined
because of limited funds.

— The Kyrgyz officials cannot provide correct foresasf precipitation in the vegetation
season.

— Absence of accurate figures regarding water reddoeirrigation of cropland.

° http://www.youtube.com/watch?v=IVDxGCFR90s




Aims and Objectives

All of this information is important for Kazakhstda estimate the amount of water available

for irrigation in summer and to take precautionstgps if there is a flood warning.

1.3. Aims and Objectives

The aim of the project is to investigate the relaship between snow melt and runoff in Talas
River Basin. The runoff of Talas River is deterninley snow melt in the mountains and
precipitation. Snow cover and rainfall can be assg@$y remote sensing. Together with a snow
melt model and real time temperature data, theigita predict flows in the near future. The

forecast will help in managing water storage anelase from Kirov Reservoir.

1.4. Research Questions

1. Determine correlation between snow melt and ruimoffalas River.

2. Can remotely-sensed precipitation help in modaiinmpff of the river?

3. How far can MODIS Snow Cover maps help in deterngrsnow fall and snow melt
timing in the study area?

4. Can one quantify the correlation between snow cavea in spring and annual water
flow in the river?

5. What other methods can be used to predict sumnmmexfrof the river three months in
advance?

6. Can this knowledge be used in solving the confiativeen the two countries?

1.5. Structure of thesis

The thesis is structured as follows. Chapter Daces different datasets used in the study and
their preparation steps briefly. A quick step bgpstvorking mechanism of TOPKAPI model
and methods for assessing accuracy are also peeseDetailed analysis of the observed
runoff, gauge precipitation, satellite precipitatiestimates and bias correction methods are in

the subjects of chapter 3.

Chapter 4 focuses on TOPKAPI modeled runoff anadadtmparison with the observed runoff.
The accuracy of simulated snow cover, overestimaiianodeled runoff due to bias in TRMM
precipitation data, irrigation demand in the catehin different ecosystem components of the

model and distribution of water among them are dkscribed in this section.
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The annual runoff forecast method for Talas catattraéong with its accuracy is proposed in
chapter 5. And finally the thesis is concludedhajter 6 by discussing the results presented in
previous chapters and proposing some steps thabecdwelpful for future researchers working

on Talas River or similar case studies.



Digital Elevation Model

Chapter 2

2. Data Preparation

2.1. Digital Elevation Model

The Digital Elevation Map (DEM) of the study areasvextracted from ASTER (Advanced
Spaceborne Thermal Emission and Reflection RadiefieGlobal Digital Elevation Map
version 2 (GDEM). It is perhaps the highest resofupublicly available global DEM having
spatial resolution of 30 m x 30 m (1 arc-second)e Tata is referenced to WGS-1984
Geographic Coordinate System and is available iT@&& format that can easily be opened in
ArcGIS.

Talas River Basin DEM

E— High 14398
- Low : 316
Talas DEM Hillshade

High : 253

- Low : 26

lcm=32km

0 25 50 100 150 200
[ E—— ES—

Kilometers

Figure 3: Digital Elevation Map of the study areaosving height distribution. The map is
made by overlaying DEM on to hill shade of the gtacka to make the mountains prominent.

® http://asterweb.jpl.nasa.gov/gdem.asp
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Table 1: Percentage of area in different elevatitasses in Talas River Basin. The first
column shows contour interval of 500 m and heidiuve sea level.

316 - 500 21313.25 48.31
500 - 1000 9749.5 22.10
1000 - 1500 4535.75 10.28
1500- 2000 2279 5.17
2000 - 2500 2033.5 4.61
2500 - 3000 1715.25 3.89
3000 - 3500 1678.5 3.80
3500 - 4398 813 1.84

Total 44117.75 100

As a first step, fifteen tiles were mosaicked totain the study site with 1 degree of buffer
area on all sides. The catchment area and stretmonkeof Talas River was generated through
standard GIS procedures. This includes use of ttkés sink, fill, flow direction, flow
accumulation, stream order, basin, stream to fuaice under ArcGIS Hydrology toolbox.
Because the snow cover maps generated by the medelto be compared with MODIS Snow
Cover maps available at resolution of 500 m x 50@h@ model was run at the grid size of 500

m and the DEM was also resampled from 30 m to 5@8gulution.

70.4 % of the basin lies between an elevation rarfd&l6 m

and 1000 m above sea level. This part is the comtipaty
flat and dry portion of the basin and 97 % of this
within Kazakhstan. A contour map of the study area
with an interval of 500 meters was made and
Table 1 shows the percentage of area present in

each contour interval.

Figure 4: Outline of Talas basiupstream of Kiroy
Reservoir. The present study focuses on this area only.

10
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2.1.1. Talas Upper Valley

As the major portion of river runoff is generatedie mountains by snow melt in the summer,
we decided to focus on this region only and stumyhasin upstream of Kirov reservoir. Only
this part of the basin is relevant for the operatib Kirov Reservoir. The area lies on North —
West corner of Kyrgyzstan between coordinates 43tdlorth and 71 to 74 East. It is only 19
% of the total catchment covering an area of 8967 Wwhich also includes 1142 Kmof

irrigated land.

The DEM of Talas basin upstream of Kirov reserv®ishown in Figure 5. Please note that this
region will be referred to as study area and T&®&®r Basin in the report now unless stated
otherwise. A Landsat image of the basin can be seEigure 80 Appendix A. The percentage

of area present in each contour interval of 50Gmsds shown in Table 2.

Talas Triangulated (TIN) DEM

I 3000 - 3500
Edge type - 2500 - 3000 lem=13km
Soft Edge 2000 - 2500
_ 0 125 25 50 75 100
Elevation 1500 - 2000 [ e
I 4000 - 4427 1000 - 1500 Kilometers
I 3500 - 4000 806 - 1000

Figure 5: Triangulated Digital Elevation Map of Tl river basin upstream of Kirov
Reservoir. Talas valley is located in north of Takdatau mountain range which forms the
southern and eastern border of Talas Province. I@nrorthern side of the valley is Kyrgyz

Alatau mountain range which forms natural bordetviben Kyrgyzstan and Kazakhstan.
Kyrgyz Alatau and Talas Alatau are part of the fasmdien Shan mountain range.

11
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Data Preparation

Table 2: Percentage of area in different elevatitasses in Talas upper valley. The first

column shows contour interval of 500 m and heidiuvae sea level.

Elevation Range Area (km?) Percentage ‘

806 - 1000 251 2.80
1000 - 1500 1489 16.62
1500 - 2000 1592.25 17.78
2000 - 2500 1605.5 17.92
2500 - 3000 1480.25 16.53
3000 - 3500 1640 18.31
3500 - 4000 853.5 9.53
4000 - 4497 45.5 0.51
Total 8957 100

The contour map can be seen in Figure 82 in AppeAdi

2.2. TOPKAPI Model

The project was carried out using the hydrologicabdel “Topographic Kinematic

APproximation and Integration model” (TOPKAPI). It is a fully distributed model

representing major hydrological processes physidsked and is mainly developed for flood
prediction and routing. The model is based on aglthe kinematic wave equation for water at

three levels. (1) Horizontal drainage in the s@l), Overland flow on saturated soil and (3)

Channel flow.

TOPKAPI is used as research tool in ETH Zurich @dot available commercially. It has
been successfully applied in Italy, China and Ssvlend. The model can efficiently simulate
snow cover, snow melt, glacier melt; under natdl@h conditions and steep areas and is
suitable for water management operations analysis.model was run at hourly time step and
at a grid size of 500 m x 500 m. All of the inputa is required hourly except cloud

transmissivity which should be provided at a d#ilye step. The model requires six fields of

input data in order to run.

12
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1. Digital Elevation Map (DEM) is required to generaitger and streams network. The
geometric properties of channels like length andithvitogether with roughness
coefficients are also needed to feed the model.

2. TOPKAPI requires the land cover map of the studsaawhich is a key to calculate
potential evapotranspiration depending on cropfaetpr and vegetation.

3. Soil depth and hydraulic conductivity both in horital and vertical directions are the
most important data required for the model. Theréwytic conductivity can be found by
FAO soil type maps of the world and tables for laydic conductivity of each type. The
soil depth has proven to be the trickiest partatddequired so far for this model.

4. Air temperature is required and it should be adjdigor high altitudes according to the
lapse rate. This is important for simulating snawver and snow melt.

5. Precipitation is one of the most important inputadeequired by the model as it is the

main source of water either in liquid or solid foamd contributes to river flow.

6. Cloud transmissivity is also required which is usedalculate global irradiance.

Extrapolation o
temperature

Snowmelt over soil surface

Infiltration / Surface Runoff

'

Percolation

Modeling of Radiation Losses

v

vapotrans

piration

Evapotranspiration

v

Snow Accumulation Total Discharge

Figure 6: Simplified flow chart of TOPKAPI-ETH madéructure.
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2.3. Talas Meteorological Station

There is only one meteorological station in thedgtarea which is located in the center of
Talas valley. The data go back to 1975 and ardabnlaion NCDC NOAA websife There are

13 different climatic factors available in the dd&tat only temperature and precipitation are
used in this project. Snow height data is alsolalks but there are only two or three readings
from each month with unusual peaks in summer inesoases which makes the data unreliable

and hence they are not used in the project.

2.3.1. Temperature

Temperature data is available at temporal reselutib three hours. Missing values for a
particular day and time were filled by taking theemge of temperature for the same day and
time from all other years. It was then interpolat@tiourly time step using the Piecewise Cubic

Hermite Interpolating Polynomial (PCHIP) methodMatLab.

2.3.2. Precipitation Data

Precipitation is one of the most important inpatshte model. The observed precipitation data
is available at daily time step from Talas metemgaal station. This data is also available

from 1975 and the missing values were processeldeirsame way as temperature. The mean
yearly precipitation is 196 mm only and the areelassified as semi-arid region because of its

lower precipitation compared to potential evapatpration.

Data from precipitation gauges can have shortcosnihgost importantly they do not have
dense coverage in a watershed especially in demgloand semi-arid countries. Gauge
observations usually underestimate precipitatiocabse of turbulence introduced by wind at
the gauge orifice, blowing of snow / rainfall inngly climate, wetting losses on gauge walls,
splashing and evaporation (Smith et al. 2006; Bakiskt al. 2009; Huffman et al. 1997).
Gauge measurements can have a bias range of 4 -wBhdthe largest error possibility in
snowfall. They can also have systematic and reptaee error. Representative error occurs
because the amount of precipitation observed aird pay not effectively represent rainfall in

its neighborhood due to a localized rainfall e@udushaki et al. 2009).

" http://www.ncdc.noaa.gov/data-access/land-bassibetdata/land-based-datasets/global-historidaiatblogy-
network-ghcn
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Talas Meteorological Station

Average Annual Precipitation

1976 1980 1984 1988 1992 1996 2000 2004 2008 2012
Year

Figure 7: Average annual gauge observed preciptafrom 1976 to 2012. The graph shows
daily precipitation averaged for each year from 7620 2012). The gauge is not working since
2002.

Figure 7 shows mean daily precipitation in Talasi&fasince 1976. The precipitation declines
suddenly in 2002 and onwards because the preagpitghuge malfunctioned.

The aim of the project was to use remotely sengedigitation products in order to have
distributed rainfall data over the entire catchmést gauge data is incomplete for the last ten
years to be modeled, this favored the decisiornsofguremotely sensed precipitation estimates

which are described in the next section.
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2.4. Remotely Sensed Precipitation Products

Satellite products provide a good alternative forgauged catchments. Since two decades,
huge progress has been made in this domain andtegnsensed products have become an
inevitable data source in many areas of sciencéellfes offer better spatial coverage
especially over mountainous areas as comparedder @nd gauge measurements. Satellite
Precipitation Estimates (SPEs) are derived eitt@nfinfrared and visible radiations range of
GEO satellites establishing a relationship betwaend characteristics and rainfall rate at the
surface or from active / passive microwave datalot earth satellites measuring the
precipitation rate by analyzing hydro-meteoric wigttion of clouds (Boushaki et al. 2009).

They have less spatial sampling and random ersoc®mpared to gauge sampling.

On the other hand, satellites also have a majdyl@no of bias because they measure processes
in the atmosphere remotely. The problem can arise © improper tuning of satellite
instruments, diurnal sampling bias, problems in sioftware code, unexpected surface or
atmospheric phenomena which the code cannot uader§Emith et al. 2006). Satellites also
have bias because they measure thermal radiandeunfs instead of measuring precipitation
directly from the surface. And in case of radarestations bias can occur due to unaccounted
evaporation losses and beam blockage over mouniregions (Boushaki et al. 2009). The
newer instruments and algorithms have less biasnmparison to their predecessors. But still it
is very important to develop bias correction methta correctly quantify data available from
initial satellite sensors (Smith et al. 2006). Hagellite data used in this project was also bias

corrected which is explained later.

We decided to use TRMM and CMORPH precipitationdpigis in the project. The idea behind
using two datasets was that although TRMM is armfttoduct and much research studies
have been made and published using TRMM data. khavn to have some errors. And as
good quality of observed data was not availableyas important to check different datasets
available to see which one has a precipitationeclde reality at the gauging station and
produces realistic runoff. CMORPH is a relativewer product and is also available in better

resolution compared to TRMM.

2.4.1. TRMM Precipitation Data
TRMM is the abbreviation of Tropical Rainfall Measg Mission which is a collaborative

program between National Space Development AgetdSDA) in Japan and National
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Remotely Sensed Precipitation Products

Aeronautics and Space Administration (NASA) in @ditStates. The primary mission of
TRMM is to measure precipitation in tropics andptoal oceans (Bowman 2005). Latent heat
released during precipitation accounts for thraetfo of heat energy received by the
atmosphere and approximately two-third of earthiscipitation falls in the tropical region (x
35 degrees) which makes it one of the main drieérgobal atmospheric circulation. 75 % of
the tropical region is covered with oceans (Kummegt al. 1998). Most of the oceanic rain
gauges are located on islands which due to diffex@ographic and surface heating features
have different precipitation than the ocean arotinedn. TRMM was launched to provide good
spatial coverage over tropics especially tropicaams to compensate for absence of gauge
precipitation there. It has TRMM Microwave ImagéMl) and Precipitation Radar (PR)
instruments for measuring precipitation on boart¥l Ts a passive microwave radiometer
which measures precipitation by differentiating mamaindrops emitting microwaves from the
cold ocean background. Due to changing surfacesaviiis TMI is less efficient over land. PR
is the first space-based radar which provides tmensional (especially vertical) profiles and

near surface estimates of precipitation at higblgi®n (Bowman 2005).

2.4.1.1. Pre-processing of TRMM Data

TRMM data is available from 1998 at different temgdaand spatial scales. The TRMM 3B42
daily product having spatial resolution of 0.250.25° is used in this project. TRMM data can
be downloadetiin Hierarchical Data Format (HDF), NetCDF and ABfofmats. Since ASCII
was not available for large downloads, data waaionetl in NetCDF format. The images were
downloaded for the whole world and the study araa extracted using a small iterative model

in ArcGIS performing the following steps.

1. Import data in ArcGIS using “Make NetCDF Raster &gycommand.

2. Define geographical reference system of the filgV&3S-1984.

3. Extract study area from raster image using “ExtbgciMask” command.

4. Save the extracted image as text file (.txt) witique date number.

5. Divide study area into a set of virtual stationsgoecipitation depending on the spatial
resolution of TRMM and give them a unique ID. Thesulted in 31 virtual stations.

6. Assign a unique virtual station ID to each of tineafier grid cells of 500 m x 500 m.

Hence all smaller pixels residing in a particul®&MM virtual station area will have the

8 http://disc.sci.gsfc.nasa.gov/giovanni, http:/fpmasa.gov/node/158
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Chapter 2 Data Preparation

same precipitation as that of the TRMM pixel. Makenap of this to be given as input
to TOPKAPI. This is shown in the figure below fatter understanding.

/H““J/Maﬂ\;%

(LCER_, 1 H'L_,.\ j _'“"\_,._..f”rr\ g
L

500 m x 500 m Grid ce

0.25 xUZ25
TRMM Pixel

Figure 8: Study area divided according to TRMM sglatesolution where each pixel will act
as a Virtual station.

The text files prepared in ArcGIS were later impdrto MatLab for further processing. This
included downscaling from daily to hourly time steyp dividing by 24, making time series of
data and saving in a single CSV file with a headanake it compatible with TOPKAPI input

requirements.

2.4.2. CMORPH Precipitation Data

CMORPH (CPC MORPHing technique) is a gridded and reltivew product compared to
TRMM. It incorporates Passive MicroWave (PMW) ddtem low orbiting satellites and
Geostationary Operational Environmental Satell{G®ES) infrared (IR) imagery data (Joyce
et al. 2004). The algorithm uses precipitationneates that have already been derived from
microwave observations. In case of missing dataafdocation, spatial lag correlations are
computed by using series of geostationary satditémages to produce propagation vector
matrices. These matrices are then used to propamat@pitation estimates derived from
microwave observations. This helps in producingcipigation estimates at relatively higher

spatial and temporal resolution (Joyce et al. 2004)

® http://www.cpc.ncep.noaa.gov/products/janowialdooh _description.htm
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CMORPH has three different data sets available riidipg on temporal and spatial resolution.
The daily product with 0.25° x 0.25° latitude / ¢ptude resolution was used and it was
prepared in a similar way as TRMM i.e. full imagesre downloaded and the study area was

extracted in ArcGIS.

2.5. Bias Correction

As explained in the last two sections, satelliteisses can have biases. This means that
although the sensor is a good instrument, its imateous or average values are not exactly
equal to the observed ones. The difference bettfeemstrument's and the true value is called
bias. When an instrument has this kind of errois fiossible to estimate the bias and improve
the data by subtracting or adding the estimatesl fioian the observed readings. This procedure

is called bias correction.

As indirect methods are used to derive satelligetaainfall measurements, they are prone to
higher biases compared to radar based rainfallyatsd Scientists have been using different
techniques for bias correction. e.g. merging raatzat satellite based rainfall estimates and
guantifying the bias to make data consistent (Tggsfgis et al. 2011). A simple covariance
method is used here for applying bias correctioRnRMM data. Covariance can be defined as
correspondence between two random variables. Mattiealy the covariance between two

random variables is given by

Z?:l (xi_f)x(Yi_j_/) (l)

o(x,y) = —

Wherex andy are averages of variables x and y. In Matl‘&zov” command is used to
generate the least sum of squared errors betweenvawiables in presence of known

covariance by optimizing the bias factbfa.

a = lscov (Gy, Sy) (2)
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where Gy, is a gauging station observed or actual precipitaandS,, is satellite estimated
value. The above equation gives the least squaohstion to the linear system of

equationgry, X a = Sy . Then the corrected data is given by

Bias Factor = 1/a (3)

Corrected Data = Raw Data X Bias Factor (4)

GPCC Full Data Reanalysis Version 6.0 data and gaime observed data was used for bias
correction. GPCC was used because the observeipipagon data is not available for last ten
years. Another benefit was to have variable anttidiged correction factors. This was not
possible with observed precipitation as the datavalable from only one gauge which is not
enough to correctly interpolate the precipitatiom ¢ach grid cell considering sharp

topographical changes in the catchment.

2.5.1. GPCC Bias Correction

Global Precipitation Climatology Center (GPCC) pd®s one of the world’s finest and largest
gridded area mean rain gauge precipitation datdbely have four different products available
with a fifth coming soon, each one suitable forfedi#nt research requirements at a spatial
resolution of 2.5, 1 and 0.5 degrees. It combiregs. drom two broad classes depending on
availability. The near-real-time data from SYNOP-DW, CLIMAT?! bulletins, monthly
totals from SYNOP-CPE obtained through Global Telecommunication Syst&iS) and
non-real-time data which forms the bigger portidmtamned from National Meteorological and
Hydrological Services (NMHS) supplied by WMO, datalected regionally and globally and
monthly sums calculated from Global Historical Glitmlogy Network (GHCN) daily data.
This is pictorially shown in Figure 84 (Appendix ABPCC only uses data from a gauging
station that has at least 10 years of uninterrupited-series. In total, approximately 65, 200
stations pass this barrier and hence have beentaiggdduce different precipitation products.
The data gathered from different sources is stanee@ight different slots in a Relational
Database Management System (RDBMS). This helpsassccomparison and pre-processing

of data according to different source and initibes present in each source by a specific set of

0 SYNOP data received at Deutscher Wetterdienstm@ey. SYNOP is abbreviation of surface synoptic
observations encoded in SYNOP (FM-12) data forfRat.more information visit
http://weather.unisys.com/wxp/Appendices/FormatdEP.html

™ Name for monthly averages or sums compiled frafhNGP reports

2 Monthly precipitation data compiled by ClimateeBiction Center, Washington DC using SYNOP data
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algorithms (Becker 2013). It is followed by aresemged precipitation estimates on to grid
cells from gauge readings performed in three stagsh are (i) the data is interpolated from
point observations to 0.25 degree latitude / lardgt grid cells using a robust and empirical
SPHEREMAP interpolation method, (ii) estimationaséa averaged precipitation for 0.25 or
0.5 degree grid cells, (iii) and calculation of a@everaged precipitation for coarser resolution
of 0.5°, 1° or 2.5° grid mesh (Becker 2013; Huffreral. 1997).

GPCC Full Data Reanalysis Version 6.0 (GPCC FDyides highest accuracy and is used in
this project. The temporal coverage ranges fronl1®®010 and the data is available as total
monthly precipitation having spatial resolution@5%° x 0.5°. GPCC data was prepared for the
study area in a similar manner as explained for MR&hd CMORPH. In order to compare the
two products the monthly sum of TRMM data was takBimce GPCC has coarser spatial
resolution, more than one TRMM pixel can be accouimbed in a single GPCC pixel. Hence
all TRMM pixels present in the area of one GPCCepixere bias corrected after comparing

with that single pixel. This is shown in the figurelow.

2.5.2. Observed Precipitation Bias Correction

Observed precipitation bias correction was caraetiusing data from four overlapping years
before the gauge stopped working i.e. 1998 to 200&. covariance matrix between observed
precipitation and TRMM precipitation for the pixelhere Talas meteorological station is
located was produced which gave a bias factor @90. This single bias factor was used for
correction of all TRMM data. This is a draw backgauge bias correction due to availability of
data from only one gauge which is not enough toeoly interpolate the precipitation to each
grid cell considering sharp topographical changeshe catchment. The idea behind using
GPCC was to have variable and distributed corracfactors for each grid cell. Another
problem with the observed precipitation data ig this not available for the last ten years. But
surprisingly the gauge bias correction gave betsults compared to GPCC bias correction

which is discussed in chapter 3.
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Figure 9: Location of Talas meteorological statiorthe valley.

2.6. FAO Harmonized World Soil Database

The Harmonized World Soil Database (HW$1$ produced by joint efforts of the Food and
Agriculture Organization (FAO) and the Land Use @j@and Agriculture Program (LUC) of
the International Institute for Applied System Ayss$ (IIASA), Austria. They combined data
from 5 different sources namely (i) FAO soil magghe world (i) regional studies made by
SOTER (Global and National Soils and Terrain Digatabases) (iii) data from the European
Soil Bureau Network (ESBN) (iv) the 1:1 million $easoil map of China obtained through
Institute of Soil Science, Chinese Academy of Smésnand (v) soil parameter estimates based
on the World Inventory of Soil Emission PotentiISE) database. The data is available at
spatial resolution of 1 km (30 arc seconds) pravide “Band interleaved by line” (BIL)
format. It has 1600 different soil mapping unitsttwinformation on soil parameters like
organic carbon, pH, water storage capacity, sgikldetotal exchangeable nutrients, lime and

gypsum contents, sodium exchange percentage atunlakslass (Nachtergaele et al. 2009).

The data is provided in WGS-1984 Geographic CoatdinSystem projection which is
consistent with the projection used in our caseéystiiowever the study area was extracted
using ArcGIS in a quite similar manner as for ottiatasets explained earlier (Figure 10). The
percentage of different soil types and area covesethem in the catchment is presented in
Table 3.

1 http://iwww.fao.org/nr/land/soils/harmonized-woeddil-database/en/
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Talas Soil Map
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Figure 10: Soil map of Talas basin made from FAQrhanized World Soil Database.

Table 3: Percentage of different soil types in TaRaver Basin.

Soil Type Area (km?) Percentage
Sandy Loam West Mountain 244.25 2.727
Clay Loam Talas Valley 1278.15 14.270
Sandy Loam South-West Mountain 1651.25 18.435
Clay Loam East & North Mountain 5782.75 64.561
Total 8957 100
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2.7. Cloud Transmissivity
Cloud Transmissivity (CT) is used to estimate gloineadiance. The CM-SAE remotely
sensed mean daily Cloud Fractional Cover (CFC) dats used to calculate CT for the study

area.

Climate Monitoring (CM) is a dedicated center fesearch on global climate change within the
Satellite Application Facility (SAF) of the Europearganization for the Exploitation of
Meteorological Satellit¢s (EUMETSAT). In short it is called CM-SAF. The cents hosted
by the German Meteorological Service (Deutschert¥veienst, DWD) in Offenbach and is
run in collaboration with meteorological institutes Belgium, Finland, Netherlands, Sweden,
Switzerland and United Kingdom (Karlsson and Holtm&012).

CM-SAF uses data from NOAA satellites observationade by Advanced Very High
Resolution Radiometer (AVHRR) on board. The timeeseranges between 1982 - 2009 (first
NOAA-7 satellite and last NOAA-18 satellite). CF@td is available at spatial resolution of
0.25 degree latitude / longitude grids in NetCDfafat (Karlsson and Hollmann 2012).

2.7.1. Pre-processing of Cloud Fractional Cover Data

The pre-processing of cloud fractional cover wa® aarried out in MatLab and ArcGIS. The
data was available till end of 2009. In order tbtfie gap for the last three years i.e. 2010 —
2012, data from 2007 — 2009 was repeated. CT was ¢hlculated from CFC by using the
relation below (Kasten and Czeplak 1980).

CT =1— (a X CFCP) (5)

Wherea = 0.75 andb = 3.4 are parameters. Cloud transmissivity values cagerdoetween >
0 and< 1 with 0 as a sky completely covered with cloudd & as 100% clear sky. The lowest
possible mean daily CT was limited to 0.20 becauskeies lower than this will mean a

completely dark day.

1 http:/imww.cmsaf.eu/bvbw/appmanager/bvbw/cmsefimt
15 http://iwww.eumetsat.int/website/home/index.html
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CT was also used like TRMM within the concept atwal stations. All of the smaller 500 m x
500 m pixels residing in a big pixel of CT were givthe same value. For this purpose a CT

pixel ID map was created in ArcGIS.

Figure 11: Study area divided according to spategolution of Cloud Fractional Cover grid
size.

2.8. Land Cover Map

The land cover map of the region was made from GE@®ver data which is also a remotely
sensed product. Globe Colfis one of the projects run by the European Spayngy (ESA)

in order to provide a global land cover map, birhbnand annual surface reflectance mosaics
at fine resolution. The data is derived from MedilResolution Imaging Spectrometer
Instrument (MERIS) on board the ENVISAT satellisuhched in 2002. MERIS measures
reflected solar radiations from earth surface irsgéctral bands between 412.5 nm to 900 nm.
Raw data is pre-processed to apply geometric dimrecatmospheric correction, cloud
screening and Land / Water reclassification. Theasueed reflectance is associated with
signatures of different land covers in a classifimamodule comprised of supervised and un-
supervised classification together with other mfirents. The final map is based on 22 land
cover classes defined by United Nations Land C&essification System (LCCS) that are
widely used and accepted in the world. The ovetals weighted accuracy of the map is 67.5

% when using 2190 globally distributed points fatidation (Bontemps et al. 2011).

16 http://due.esrin.esa.int/globcover/
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Talas Land Cover Map
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Figure 12: Land cover map of Talas basin showing distribution of 12 lamerclasses in the study
area.
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The product is provided at spatial resolution dd Bdeters and in Plate-Carrée projection with
geographic latitude / longitude grids referencedM@S-1984 ellipsoid. A colored version of

map is available in TIFF format that was importedAtcGIS and projected to the Geographic
Coordinate System. The map was then resampledGariser resolution and the study area

was extracted.

Table 4: Different land cover classes and theirgestages of total area in Talas River Basin.
The data is derived from land cover map of theysarga made from GLOBE Cover product.

Land Cover Class Area (km2) Percentage
Irrigated croplands 1364 15.23086
Rain fed croplands 248.75 2.777623
Mosaic croplands / vegetation 469.5 5.242588
Mosaic vegetation / croplands 2031.25 22.68159
Closed to open mixed forest’ 35.5 0.396404
Mosaic forest-shrub land / grassland 5.25 0.058623
Closed to open grassland 554.75 6.194517
Sparse vegetation 1824.25 20.37016
Artificial areas 125 0.139579
Bare areas 2359 26.34135
Water Bodies 23.25 0.259617
Permanent snow & ice 27.5 0.307074
Total 8955.5 100

2.8.1. Water Abstraction Map

Talas basin has a valley in its center which isniyaan agriculture area. Farming and animal
husbandry are the major sources of income of contiaarliving there. A large volume of
river water is being used in the valley and thist faas to be incorporated in the model. The
globe cover land use map mentioned in the lastihgaglas used to produce the agricultural

area map. It was done in ArcGIS using topology jpauctel fabrics toolboxes. These tools offer

7 Closed to open mixed broadleaved & needle lefwexbt
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efficient creation, editing and management of gprdus blocks e.g. split a big area into small
blocks according to desired size or proportionegrach new block a unique ID and associate
desirable properties with it, prevent overlappirigaea, boundaries and rule out gaps within
blocks. A brief step by step procedure of makingager abstraction map includes (i) Two of
the land cover classes namely irrigated croplamdsraosaic cropland / vegetation ( >70 %
agriculture area) were merged to make one big jpolydhis gave a total cropland area of
114,200 ha (ii) The area was divided in 71 blockited irrigation districts. (iii) Each district
was assigned a unigue outlet point from the neatesam in order to supply water to that area.
(iv) Water abstraction schedule was made startimognf March to October. (v) Hourly
irrigation rate and minimum soil moisture conteboge which irrigation will start was also set
for each district.

Figure 13: Talas Irrigation districts map. The 7istlicts are shown here in unique colors.

Figure 14: Outlet points for irrigation of cropland the catchment. The 71 irrigation districts
were supplied water from unique outlet points i tiver or stream.
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2.9. Accuracy Assessment
The model results are validated against observedffrin the river at eight gauging stations

and the MODIS snow cover product. These two dataset explained in the next two sections.

2.9.1. Runoff Gauging Stations

The runoff data was obtained from Kyrgyz Water Reses Department for eight gauging
stations at different locations in the catchmenis In the form of decadal means. i.e. ten days
averages and hence three readings from each mbnéhdata was obtained from January,
2000 to December, 2012 with exception of Uch Koclgayging station. The station was
closed from October, 2005 until the end of 2006abse the flow was directed to another
stream due to road construction. The missing datgdar 2005 was filled by taking average
runoff of the same months in other years. Themidiad a defect in September 2009. The data
is not available after that time and it was leftraated. Figure 15 shows the locations of
gauging stations in the catchment. A generalized ofahe river in the whole Talas basin is

presented in Figure 85, Appendix A.

Talas River Gauging Stations

Kirov Reservoir

Legend
1cm=10km
- Talas Basin
0 20 40 60 80 N 4 @ Runoff Gauging Stations
[ s S| 3 .
. —— River & Streams Network
Kilometers

Figure 15: Location of mountainous and flood plgewging stations. Ak Tash, Besh Tash,
Kumush Too and Ur Maral are mountainous stationeMdch Kochoy, Kara Oi, Kluchevka
and Kirov are in the flood plain.

29



Chapter 2 Data Preparation

The stations are divided in two broad classes; rn@nous and floodplain gauging stations.
The former stations are located on the mountairis litle or no agriculture area in the sub-
catchment while the latter stations are presetttaenvalley or flat part of the basin with some
agriculture area in the sub-catchment.

2.9.1.1. Sub-catchments

Gauging Stations Catchment Area

Kirov Reservoir

Kara Oi
@uUch Kochoy

ush Too
Ur Maral Besh Tash

Sub Basin

° Runoff Gauging [Jurmaral
l1cm=10km Stations (8) Uch Kochoy
Ak Tash
0 20 40 60 80 - | |Kara Oi
[ aaaaae— ) Besh Tash
Kilometers |:| Kluchevka

K h T . .
[] kumush Too [ ] Kirov Reservoir

Figure 16: Location of runoff gauging stations asub catchment area of each station.

Table 5: Sub-catchment areas of gauging stations.

Gauging Station Name NG

Besh Tash 307.188
Kumush Too 391.678
Ak Tash 557.630

Ur Maral 1101.388
Uch Kochoy 1241.363
Kara Oi 2532.663
Kluchevka 6717.786
Kirov Reservoir 8954.119
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2.9.2. MODIS Snow Cover

The Earth Observing System (EOS) Terra and Aqualisas launched in December, 1999 and
May, 2002 are equipped with Moderate Resolution gimg Spectroradiometer (MODIS)
along with other sensors. MODIS is capable of piimg images of earth surface and clouds in
36 spectral bands ranging between 0.4 — 140 umMPBIS band 4 (0.545 — 0.565 pm) and
band 6 (1.628 — 1.652 um) are used to calculatenbliimed Difference Snow Index (NDSI) by
automatic snow map algorithms using the formulanshm eq. ( 6 ). The data time series of
Terra and Aqua satellites starts from 24 Februafg0 and 4 July, 2002 which is made
publicly available by National Snow and Ice Datantee (NSIDC) (Hall et al. 2002).

NDSI = Band 4 — Band 6 (6)
" Band 4 + Band 6

Snow cover is a major source of fresh water in 2g¢rtsia (Dietz et al. 2013). As the network
of the weather stations with information about srumwver, height are not available in the study
area and the data collected at one station isimtemsistent, the adaptation to remotely sensed
data is a good alternative. In this project MODI&T& Daily Snow Cover (MOD10A1) and
MODIS Aqua Daily Snow Cover (MYD10A1) products ameed. The datasets have global
coverage at spatial resolution of 500 meter gridd are available in Sinusoidal Map
Projection. In clear sky conditions the accuracysnebw cover extent is 93 % (Riggs et al.
2006). The study area is covered by H23V04 tilshamsvn in Figure 87 in Appendix A.

2.9.2.1. Terra versus Aqua

NDSI is calculated by taking the difference betwed#rared reflectance of snow in visible and

shortwave radiations. The difference is calculdtetlveen MODIS band 4 (0.55 pm) and band
6 (1.6 um) in case of data from Terra satellite.ths band 6 detector failed on the Aqua
satellite shortly after the launch, band 7 (2.1 jisn)sed to calculated NDSI for Aqua. Another
drawback with Aqua data is that the NDSI / NDVliesttion of snow cover in vegetated

regions was cancelled due to large overestimatiosnow resulting from the use of band

7 (Riggs et al. 2006).

Cloud coverage is a main problem in analyzing snovwer maps and it is difficult to find clear

sky conditions especially in winter when it is mmsportant to estimate snow cover extent.
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2.9.2.2. Pre-processing of MODIS

Pre-processing of the raw data was performed t@exthe study area out of world images in
ArcGIS. Missing days and clouds were removed byssemnd temporal combination in
MatLab before finally using it for accuracy assessim These methods are further explained

under the next three headings.

29.2.2.1. Study Area Extraction
The data was initially processed in ArcGIS to esttithe study area and change the projection
system with the help of a small iterative modeligiesd to carry out the following steps. A

sketch of the model can be seen in Figure 88.

1. Make a raster catalog and load raw data into thedamn

2. Read raster images from the catalog by Rastertdiera

3. Calculate date of each file from the original namseng Calculate Value tool and give
it as precondition to Project Raster tool.

4. Project files from sinusoidal projection to GeodrgpCoordinate System WGS-1984.
Use “MAJORITY” as resampling technique to keep pixalue intact. Set a unique
output name for each file by giving date numbeculaited in previous step as part of
name.

5. Extract study area from world image using ExtragctMask tool and Talas boundary
file.

6. Convert the file from raster to text format andesath unique date numbers.

29.2.2.2. Sensor Combination

The next step was to have a sensor combinatiddOIDIS Terra data was missing for a day, it
was replaced by data from MODIS Aqua sensor. e cada was available from both sensors,
Terra data was preferred because of errors praséwfua time series as described before. The
sensor combination method has been used in sthdfese and is reported to reduce accuracy
by 1.4 % for a pixel (Dietz et al. 2013). The migsdata for 18 different days was substituted
from Aqua satellite. The data from both sensors mésing for 50 days in the years 2000,

2001 and 2002. These days were ignored in the soger accuracy assessment.

2.9.2.2.3. Temporal Combination
Clouds were removed by performing a three day teaipombination of the data. It was done
in MatLab using a small model that checked eackldor presence of clouds. In case clouds

were present on a particular day, the pixel valas shecked for the previous and future days
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for land, snow or lake information. If any of thentioned three code values had occurred, the
pixel code of cloud was replaced by that value. @& for this day was overwritten and saved
so that while examining cloud cover for the upcagnalay, the overwritten data was used
instead of raw data for the previous day. In casentodel did not find other information, the

cloud value was left unchanged.

29.2.2.4. Snow Cover Efficiency

The accuracy of simulated snow cover was found dmparing it with MODIS snow cover
images on a pixel to pixel basis. The model gemsrahow cover maps at daily time step. The
accuracy was also calculated for each day by camgpavery pixel of the modeled snow
cover image with corresponding MODIS image pixedl @lassifying it as correctly predicted
or not correctly predicted. The correctly predictegels are added to find the total number.

The snow cover efficiency is calculated by usingadopn ( 7).

B No.of Correctly Predicted Pixels o
" Total Pixels in Catchment — No. of cloudy pixles

Serr 100 (7)

WhereS, ;s is snow cover efficiency, the numerator is thaltoumber of correctly predicted
pixels, the first element in the denominator is thi@al number of pixels in the catchment and
the second element is the number of pixels covesidd clouds in MODIS observed data. A
full time series of daily snow cover efficiency waated in this way and mean snow cover

efficiency was calculated.
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Monthly Temperature

Chapter 3

3. Input Data Analysis

3.1. Monthly Temperature

Variation in the maximum, minimum and average terapges observed at Talas
meteorological station is shown in Figure 17. Acjuiook on the graph shows colder winter
periods in the years 2001, 2006, 2008 and 2012.

Talas MaX|mum Average & Mlnlmum Temperature
| |

AAARVARAAN

Figure 17: Annual cycle of maximum, minimum andage temperatures in Talas Valley
from 2000 to 2012. The maximum temperature is shoywed line, average temperature by
green line and minimum temperature by blue line gtaph is made by taking monthly
averages of each temperature category.

\

<

The average temperature slowly rises from -2 °Gebruary to 21 °C in July followed by a

constant decline to below freezing point in Decembtereaches its lowest value in January
when the average temperature is -4 °C. This is shiavthe bar graph in Figure 18 made by
calculating long term monthly means from 2000 td20The mean maximum temperature
occurs in July when it is 28 °C and the mean lowesiperature is -9 °C observed in the month

of January.
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Talas Monthly Temperature Mean
30 | | | | | | | |
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Figure 18: Long term mean of maximum, minimum aretage temperatures in Talas Valley.
The values are monthly averages for a period ofda's starting from 2000 to 2012.

Talas Diurnal Temperature Difference
| |

20 | |

Month

Figure 19: Diurnal temperature difference for eadonth in Talas Valley. The graph is made
by subtracting long term means of the minimum teatpee from the maximum temperature
on monthly basis.

The mean diurnal temperature difference in eachtimisnshown in Figure 19. It is highest in
September with a temperature difference of 16 °€ lawest in February with a temperature
difference of 10.9 °C. The strong diurnal variatiordaily temperature results in snow melt at
temperature higher than the melting point of ice.

3.2. MODIS Snow Cover

The MODIS data was prepared for accuracy assesdmesgnsor and temporal combinations
as explained in the data preparation chapter. Xteneof clouds removed is shown here with

the help of a bar graph representing percentagsoafls present in the data before and after
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MODIS Snow Cover

temporal combination. Figure 20 shows that the oukthdopted serves well in removing

clouds and only few days with clouds are left.

Percentage of Clouds Percentage of Clouds
100 ’ o | ' ll T T m I[ T 100
80 80 1
60 60 1
® *®
40 40 1
20 20 1
0 0 :
2000 2003 2006 2009 2012 2000 2003 2006 2009 2012
Day Day

Figure 20: Percentage of clouds in MODIS data afiensor combination (left graph) and
temporal combination (right graph).

The extent and distribution of clouds in the stadga is pictorially presented in Figure 21 to
Figure 23. They are generated after calculating DED for each pixel from 2000 to 2012 i.e.
the most repeated value for each pixel throughuoeitime series. The study area was largely
covered with clouds with the exception of four nfenfrom July to October. But these months
are least important in determining seasonalitynoiws covered area as the catchment is mostly
snow free during this time of the year. Hence itsvimportant to process and remove the

clouds from MODIS data in order to have accurasgasment of snow covered area.

One problem with this method is that if there isaror in the previous or the future day
information, it will be propagated into the datautBhecause each day there is a new picture
available and the model continuously checks forftitere day information also, the error will

not persist for long time unless there is a lomgeseof cloudy days.

37



Chapter 3 Input Data Analysis

01 January 01 January

01 February 01 February

01 March 01 March

01 April 01 April

N

[ Clouds I Snow Covered Land [ Snow Free Land [ Jwater Body

Figure 21: MODIS Snow Cover before (left columnd after Temporal Combination (right
column) from January to April. The graphs are matéter calculating mode for each pixel
from 2000 to 2012.
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01 May 01 May

v

01 June 01 June

01 July 01 July

01 August 01 August

I Clouds

I Snow Covered Land [ Snow Free Land [ Jwater Body

Figure 22: MODIS Snow Cover before (left column) after Temporal Combination (right
column) from March to August. The graphs are mdtkr @alculating mode for each pixel
from 2000 to 2012.
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01 September 01 September

}

01 October 01 October

}

01 November 01 November

01 December 01 December

I Clouds I Snow Covered Land [ Snow Free Land [ Jwater Body

Figure 23: MODIS Snow Cover before (left column)l after Temporal Combination (right
column) from September to December. The graphsade after calculating mode for each
pixel from 2000 to 2012.
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Global Irradiance

3.3. Global Irradiance

The global irradiance ) is calculated from a combination of global cleky irradiance @dcg
and cloud transmissivity (CT) correction. TE emglaoyethods explained in (Corripio 2002,
2003) to calculatecksand CT parameterizations as described in (Pedlit&@004).

lccs depends on several parameters like position of melative to the study area,
extraterrestrial solar radiation, direct and dissinlight depending upon zenith angle, shading
effect depending upon solar position, topographyhef area etc. The estimation of CT from
CFC is described in the data preparation chaptex.dT is further parameterized for each grid
cell by a relation depending upon temperature ef ghid cell and empirical factors. The
decadal average of Ibefore and after cloud transmissivity correctisrshown in Figure 24
and its spatial distribution is further presentedrigure 25. The average (Figure 25) analysis
shows that in general, the is higher at the top of the mountains and is subgeto variations

as compared to its consistent intensity in theeyallThe hills facing south direction receive

Global Irradiance Clear Sky
400 | | | |
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Global Irradiance Cloud Transmissivity Corrected
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50 \ \ \ \ \ \ \ \ \ \ \ \
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Figure 24: Global Irradiance from 2000 to 2012 plotted as Hyslaverage. The top gra|
shows irradiance calculated with clear sky condiioThe bottom graph shows irradiance
estimated after correction of cloud transmissivity.

41



Chapter 3 Input Data Analysis

higher sunlight. Regions deprived gfdre depicted by red spots in the images. Theyratoel
to sunlight blockage and shading effect causedbyhtlls. There is slight decrease gafter
taking into account the CT correction.

Global Clear Sky Irradiance Global Clear Sky Corrected Irradiance

T T T
_ L -

100 120 140 160 180 200 220 240 260

Figure 25: Global irradiance with clear sky and eftincluding cloud transmissivity. The
figure shows average daily global irradiance fochayrid cell in W / rhfrom 2000 to 2012.

3.4. Mean Decadal Observed Runoff

The long term mean of the observed runoff at maoates and flood plain gauging stations is
presented in this section. The results are comgféel calculating average runoff for each
decade from 2000 to 2012.

3.4.1. Mountainous Gauging Stations

The mountainous stations have snow melt as maioffrsource. The flow starts to increase
with summer rain in April and May with a contriberi of water coming from snow-melt. The
flow reaches its peak in June and starts declimirthe month of July. There is no flash flow
from rainfall in October. Please note that the isas different in all of the plots. The flow is
highest for Ur Maral post followed by Ak Tash, BeBlish and Kumush Too. The stations are
important in the same order depending on theirgrgege contribution to the runoff of Talas

River.
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Figure 26: Long termdecadalmean of observerunoff formountainousgauging station:
The plots have been made after estimating averagef for each decade throughout the
time series from 2000 to 2012.

3.4.2. Floodplain Gauging Stations

The floodplain gauging stations include Uch Kochogated at the tail end of the valley with

little agricultural area upstream. It has Kara @stj2 kilometers downstream with relatively

bigger agricultural area on North-East side of ¢héchment. The Kara Oi station is located
downstream of the confluence point of two streamsing from North-East and South-East
direction. This can be seen in Talas River Gau@tagions map shown in the Figure 15. The
stream coming from North-East side has higher #od it includes sub-catchment of Ak Task
gauging station also. The flow from South-East $détle less than the other stream and Uch
Kochoy post is located before the confluence oftive streams. The reason for higher flow at
Kara Oi compared to Uch Kochoy, despite of the faet it is situated only two kilometers

downstream of Uch Kochoy, is the addition of wateming from North-Eastern streams.
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Figure 27: Long term decadal mean of observed ruinoffloodplain gauging stations. The
plots have been made after estimating average fdiooéach decade throughout the time
series from 2000 to 2012.

The valley has a huge agricultural area downstrefithese two stations where river water is
used for irrigation purposes. The Kirov Reserveithe ultimate destination of water coming
from all big or small streams. The runoff measuwaedirov gauging station includes the total
loss of water in the catchment due to evapotraaspir. Kluchevka gauging station is located
20 km upstream of Kirov Reservoir. These two stetibave identical flow pattern with higher
flow at the latter station. The runoff recordedratuntainous posts do not show decline in May
and August. This necessarily points towards watestraction from the river to meet the

irrigation and household demands of the communiitig®g in Talas Valley.
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The difference in runoffs recorded at Kara Oi aadging stations located upstream of Kara
Oi is shown in Figure 28. The runoff should inceeas the Kara Oi station because of water
addition from precipitation and groundwater in #iea between upstream and downstream
stations. The difference in the figure shows thas tis not the case because of water
abstraction in the agricultural area in the NortsEside of Kara Oi sub-catchment. The

difference in observed and expected runoffs is kbedause of little agricultural area in the

sub-catchment. Cropland is mainly concentratetiénktluchevka sub-catchment which results
in large difference in observed and expected rgnfiff this station as shown in Figure 29.

Hence the depression in flow curves in May and Atidar Kara Oi, Kluchevka and Kirov

Reservoir stations is due to water abstraction.

Kara Oi & Sum of Upstream Stations
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Figure 28: Mean decadal observed and expected fsmbdfKara Oi gauging station. The
observed runoff is shown by the blue line. The @eperunoff which is sum of the runoffs
observed at Ak Tash and Uch Kochoy gauging statopeesented in the red line. The
difference in the observed and expected runofkasvn in the green line.

However the sum of runoffs from upstream statiorecrelases in winter because of
precipitation in solid form there in contrast teegipitation in liquid form in the flood plain
area (Figure 62). A big proportion of winter pratagion falling as snow is stored in the snow
packs while all of the precipitation in liquid foreontributes to runoff of the river which
eventually reaches Kluchevka and Kirov Reservoiugiiag stations. The water stored in
groundwater aquifers and soil layers also conteibuib the flow of flood plain stations. This is

higher in Kluchevka because of the bigger catchmaefh meaning that more area can
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contribute through groundwater and as the stasolmgated in the center of the valley with

more chances of precipitation as rainfall.
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Figure 29: Mean decadal observed and expected fatdfluchevka gauging station. The
observed runoff is shown by the blue line. The &eperunoff which is sum of the runoffs
observed at Kara Oi, Besh Tash, Ur Maral and Kumiish gauging stations is presented in
the red line. The difference in the observed ameeted runoffs is shown in the green line.

The same graph made for Kirov Reservoir reveal$ tha difference is either zero or
negligible. The expected runoff is calculated byling the runoffs observed at Kluchevka,
Bakianskie, Beisheke, Chimkentskie, Kara Buuralémadvskie Rodniki gauging stations. The
five stations mentioned here are located on thell sstreams on the north-west side of the
catchment. The runoff data was obtained for thésgosas also but it is unreliable and is not
used in the project except at this place only towslkthat the observed and expected runoffs
overlap. This indicates a possibility that the amflto Kirov Reservoir is calculated by simply
adding the runoffs of these stations instead obnding real time flows with a gauge. This
cannot be said for sure because according to @mersommunication, the inflow to Kirov
Reservoir is measured by calculating differencethevolume of the lake with the help of a
scale bar which is not a precise method in itséfr. ( Andrey Yakovlev, former
KGZHydromet).
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Figure 30: Mean decadal observed and expected fadfKirov Reservoir. The observed
runoff is shown by the blue line. The expected ffuaral the difference in observed and
expected runoffs are shown in the red and green Tiimese two lines exactly overlap.

3.4.3. Observed Runoff Anomalies

The observed long term decadal means presentetieinFigure 26 and Figure 27 were
subtracted from the yearly runoffs to produce and@msaraphs. The runoffs time series for all
stations can be seen in the Figure 89 to Figuran 3pendix B. The figures include graphs
for Bakianskie, Beisheke, Chimkentskie, Kara Buana Kirovshie Rodniki gauging stations

also.

The anomalies graphs show that low discharge wasreed in the years 2000, 2001, 2006,
2008 and 2012 at all stations. (The data for tlee 806 and 2010 to 2012 is missing for Uch
Kochoy station). And the highest runoff was recardie the year 2002. This has to do with
precipitation in the sub-catchment of the gaugitagiens. The low runoff years are further
discussed in details in Chapter 4.

3.4.4. Runoff Seasonality Comparison

The rise in summer flow does not occur at the saime for all stations. A monthly
comparison of runoffs is shown in Figure 32 whére differences in start of summer flow and
peak flow timing can be observed. The three statidk Tash, Uch Kochoy and Kara Oi
located on the eastern side of the study area siawase in runoff in April. It continues to
rise till the month of June and starts decliningduy. The runoff increases one month later for

the stations Ur Maral, Kumush Too and Besh Tasatézton the southern side.
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Besh Tash Decadal Runoff Anomalies

Ak Tash Decadal Runoff Anomalies
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Figure 31: Anomalies in average decadal observetfiuat all stations. The bars represent
ten days average values iff frsec. Negative anomalies are significant in tearg 2000,

2001, 2006, 2008 and 2012. And year 2002 showspgughive anomaly for all stations.
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The peak runoff time for Kluchevka, Kara Oi, Uchdhoy, Ak Tash and Besh Tash is same
and occurs in the month of June. While the peakffurccurs in the month of July in case of
Kumush Too and Ur Maral which are located in aedéht soil zone. The water volumes of
mountainous stations are dependent on their catthanea. The bigger the catchment size, the
larger is the water volume. This can be seen imr€i@2 also. Ak Tash and Ur Maral have
higher flows because they have larger catchmeasashile Besh Tash and Kumush Too have
comparatively less flow because their catchmenasa@e small. The location of gauging

stations and their catchment areas can be seegureFL6 and Table 5.

Average Monthly Observed Runoff

m3/ sec

Month

=== Kumush Too =>¢=Besh Tash Uch Kochy Ak Tash
Ur Maral == Kara Oi == Kluchevka == Kirov Inflow

Figure 32: Monthly averages of observed runoff3nygars. The graph shows seasonality
comparison of increase and peak time of summerff@moong different stations.

The difference in summer runoff start time betwaénTash and Ur Maral is because of their
location in different regions. These two statiowé higher flow as compared to the other
mountainous stations. Ak Tash is located on noast-eside while Ur Maral lies on the

southern side. The east side of study area geypeeakives higher precipitation in the summer

and winter that can be seen in TRMM precipitatipat&l distribution maps (Figure 44).
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3.4.5. Kirov Reservoir Inflow and Outflow

The decadal inflow observed at Kirov Reservoir i@wgn in the last section together with
runoff observed at other gauging stations. Thisti@ecpresents a comparison of inflow,
outflow and water volume observed at Kirov Resareni the basis of monthly averages. The
outflow from Kirov is little in the beginning of ghyear and increases gradually till summer. It
is maximum in the months of May, June, July and #sigand decreases again with time to
merely 8 n/sec in December. As Kirov Reservoir is built toaherigation demands of a huge
agricultural area downstream in Kazakhstan, wateeleased form the dam in summer when
the irrigation demand is at its peak. The outflewsmall during winter and is mainly used to
prevent salinization. The study area is semi-and e large evapotranspiration rate causes
the salts to rise to the soil surface by capilllnsport and accumulate there. Water is

released in winter to flush or leach these saltobthe soil.

Kirov Resenvoir Inflow & Outflow
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Figure 33: Observed inflow and outflow at Kirov Beir. The values represent monthly
averages of data from 2000 to 2012. The outflogier in summer for irrigation of
agricultural land in Taraz city, Kazakhstan.

This is in agreement with the water volume recordethe reservoir as shown in Figure 34.
The inflow to the reservoir is high in winter arfust water is stored in the dam. The water
volume continuously rises from November to Aprilthre reservoir. From May to August a

large volume of water is released to the downstragncultural area. The inflow is also not
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very high in these months because of water usérigation in Talas Valley. Therefore the

water volume stored in the reservoir slowly dedit@the minimum level in October.

Kirov Reservwir Water Volume
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Figure 34: Water volume recorded at Kirov Reservdhie values represent monthly averages
of data from 2000 to 2012. The volume reducesnmser due to water release for irrigation.

3.5. Observed and Remotely Sensed Precipitation

3.5.1. Daily and Monthly Correlation

A comparison between observed precipitation and WRpftecipitation for the pixel where
Talas meteorological station is located was doine data was analyzed for the overlapping
period of four years from 1998 to 2001 and scagttets were made. The results show that
there is low correlation between the two datasetiady time scale and the RMSE is high. The
values are also concentrated corresponding toptaton of 1, 2 and 3 mm etc. as shown in
the top left plot in Figure 35. A scatter plot beem monthly averaged precipitations on the
other hand gives good correlation and low RMSE. 3&me trend was observed when scatter
plots between CMORPH and gauge observed precgitativere made. The correlation and
RMSE are 0.0093 and 3.9 for daily precipitatiorpesdively. The correlation increases to 0.3
and RMSE decreases to 2 when average monthly jiegmp is compared (Figure 36). The
correlation is not strong but still it is betteaththe correlation at daily time scale.

The accumulated monthly observed and TRMM predipitawas also calculated in order to
compare it with GPCC data. Scatter plots were mhdeveen GPCC and observed
precipitation (left plot, Figure 37) and TRMM antbserved precipitation (right plot, Figure
37). The correlation is good in both cases.
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Figure 35: Scatter plots between gauge observed and TRM®Iptations using fou
years of data from 1998 to 2001. The top scattetsphre between daily values. The x-scale
is limited in the top right plot. The bottom scajéot is between monthly averaged
precipitations.
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Figure 36: Scatter plots between gauge observedG@V®RPH precipitations using four
years of data from 1998 to 2001. The left plotasaeen daily values while the right one is
between monthly averaged precipitations.
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Figure 37: Scatter plots between observed, GPCCTRMBIM precipitations using four years
of data from 1998 to 2001. The plots are made batveecumulated monthly precipitations of
each dataset.

3.5.2. Mean TRMM and CMORPH Precipitation

Figure 38 shows a comparison of daily precipitagerraged for each month over a four year
period. It is clear from the figure that CMORPH lage overestimation error. TRMM is also

overestimating but the difference is less and ifolfowing the seasonality of the observed

precipitation which CMORPH fails to do.
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Average Monthly Precipitation
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Figure 38: Monthly averaged daily precipitationsifn gauge, TRMM and CMORPH datasets.
The data is compared for an overlapping periodooirfyears. CMORPH has large
overestimation error.

A further comparison of TRMM and CMORPH averagdydpiecipitations from 1998 to 2012

is shown in the map in Figure 39. The map is madesing the same legend and it can be seen
that the result obtained from these two productslifferent. CMORPH is overestimating
precipitation in most of the region. For exampfethe North-East region of the study area is
considered, the precipitation from TRMM in thisaie 1.12 mm / day while from CMORPH

it is 1.77 mm / day. The overestimation is 0.65 mhday which means it will be 19.5 mm /
month and 237.25 mm / year of extra precipitatidhis is even larger than the actual

precipitation recorded in Talas valley which is 1861 / year.

Hence these two comparisons clearly show that M®RPH product has an overestimation
error which makes it unsuitable for further useha project. However a bias correction was

applied to the TRMM data as it is also overestinmati
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TRMM Average Daily Precipitation (1998 - 2012)
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Figure 39: Spatial distribution of TRMM & CMORPH mean daflyecipitations fromn
1998 to 2012. The map shows comparison betweellitegbeecipitation estimates form
the two products. CMORPH has considerable overasitim error that is significant on

the north-east corner of the catchment in this map.
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3.5.3. Bias Correction

Gauge and TRMM Average Monthly Precipitation
| | | | | |

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

Figure 40: Average daily precipitation in each m@iccording to rain gauge and TRMM
data. The average is taken for a time period of f@ars from 1998 to 2001. The observed and
TRMM data are represented by blue and green bars.

Bias correction was done using GPCC and gauge wrseata. The concept of bias correction
was explained in the second chapter. It was impbrta bias correct the TRMM data to
account for overestimation observed in it. The agermonthly precipitation from gauge and
TRMM is shown by a bar graph in Figure 40. The gtadka receives higher early summer and
winter precipitation. The overestimation is higarfr April to October.

TRMM Monthly Sum
| | | | | | |
150 TRMM Raw =
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Figure 41: Accumulated monthly precipitation befarel after GPCC bias correction. TRMM
raw and corrected precipitations are representedlue and green lines.
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Average Monthly Precipitation
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Figure 42: TRMM monthly averaged daily precipitatioefore and after gauge bias
correction.

The reduction brought about by GPCC bias correciolittte and the corrected average is
largely overlapping the raw average. This is beea@PCC is also overestimating the
precipitation. The accuracy of GPCC rain gauge ipitation analysis depends on weather
stations density in the grid cells. For exampleadhghould be 8 to 16 stations in a grid cell of
2.5° x 2.5° depending on the variability of the@pitation in the region in order to estimate
monthly area mean precipitation (Becker 2013). Wmifwately Talas catchment lacks a good

density of rain gauges which is the main reasorfyneous precipitation estimates.

The monthly average precipitation obtained aftarggabias correction is better as shown in

Figure 42. The comparison is made for one pixey avthere the gauging station is located.
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Figure 43: TRMM accumulated monthly precipitation before afigtr gauge bias B(C
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Table 6 shows results for TRMM accumulated montirgcipitation with gauge and GPCC
bias correction. The observed monthly sum is 194 but the TRMM and GPCC monthly
sum is 42.6 and 40.3 mm which is two times the olegkprecipitation. As explained in the
last paragraph GPCC also overestimated and the higostim after its correction just
decreased by 3 mm of precipitation. The precijpitats still higher after gauge correction but
it is definitely preferable to GPCC correction.

Table 6: Accumulated monthly precipitation befonel after bias correction. Observed
precipitation bias correction was carried out usifoyr years data. GPCC correction was
done with 15 years of data and the reduction aaddes shown in 3rd and 4th columns.

Observed GPCC TRMM Gauge BC** TRMM GPCC BC
(1998 — 2001) (1998 —2012) (1998 — 2012) (1998 — 2012)
mm / month mm / month mm / month mm / month
Raw value 19.4147 40.3 42.614 42.614
Bias corrected _ _ 28.509 39.05

3.5.4. Spatial Distribution of Precipitation

The spatial distribution of TRMM-Gauge bias coreztprecipitation is shown in Figure 44. In
general, the precipitation gradient increases fnomh-west to east and south in the study area.
The gradient is small during winter from November [Eebruary. The difference in
precipitation over mountains and valley graduatgreases from March to May and then
decreases again till September. The precipitatidngh in the eastern and southern regions of
the study area which mainly constitute the moumtagnpart of the catchment. While it is low
in the center and north-west part which contain loed plain and Talas valley. The
precipitation is the maximum in the month of Maytiwhigh concentration in the east and
south-east part. The gradient is also highestigmtime of year. The second high precipitation
event takes place in October but the gradient isasohigh as in May. The mean daily
precipitation in each month can also be seen ingbaph already presented in Figure 40. In
essence it can be concluded that the precipitéigneater in high altitude regions of the study

area.

18 Bias Corrected
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Jan
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Legend

[ ]
I 025-050 [ 075-100[  J125-150[  ]1.75-2.00 [ 2.25-2.50 [} 2.75 - 3.00

B os50-075[ ]1.00-125[ | 1.50-1.75 [ 2.00-2.25 [l 2.50 - 2.75

Figure 44: Spatial distribution of precipitation ifialas River Basin. The maps represent
average daily precipitation in each month for 1&g Average is calculated using TRMM-
Gauge bias corrected data from 1998 to 2012.
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Chapter 4

4. TOPKAPI Modeled Runoff

4.1. TRMM simulated runoff

The modeled runoff after correcting TRMM data wiBPCC data and gauge observed
precipitation is shown here from Figure 45 to F@62 together with observed runoff at the
gauging stations. The simulated results are b&reGPCC bias corrected precipitation for
mountainous stations and the runoff differenceealpseason is small. The discharge is less
than observed for mountainous stations with gauge lgorrected precipitation. This is
opposite when the results for flood plain gaugingtisns are analyzed and the runoff
generated with gauge corrected precipitation istebetThe benefit of using observed
precipitation for bias correction is prominent he® the flow is much higher with GPCC

corrected precipitation.

The annual volumetric difference is high and negafunderestimation of runoff) for station
corrected precipitation in the mountainous regios eompared to GPCC corrected
precipitation. While the difference is less anditis (overestimation of runoff) in flood plain
region where the runoff generated from GPCC biasected precipitation is much higher.
Since all of the water either coming from snow nweltrainfall eventually reaches the flood
plain and Kirov reservoir, the total water balaige® be better analyzed by comparing results
at Kirov. The volumetric difference is 1.073 kmer year (123 % overestimated) from GPCC
corrected precipitation while it is 0.219 Rrper year (25 % overestimated) from gauge
corrected precipitation. It means that the totacypitation in the study area is higher from

GPCC corrected data which results in higher ruabtfatchment outlet.
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Ak Tash Obsened & Simulated Runoff
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Figure 45: Observed and simulated runoffs at AkhTgasuging station. The observed, TRMM-
GPCC and TRMM-Gauge BC runoffs are shown by coatiatblue, dashed green and
continuous red lines respectively. The time sasiéom 2000 to 2012 plotted as ten days

averages.

Besh Tash Obsened & Simulated Runoff
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Figure 46: Observed and simulated runoffs at Bea$hTgauging station. The observed,

TRMM-GPCC and TRMM-Gauge BC runoffs are shown Ioyimoeous blue, dashed green and

continuous red lines respectively. The time sasiéom 2000 to 2012 plotted as ten days

averages.
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Kumush Too Obsenved & Simulated Runoff
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Figure 47: Observed and simulated runoffs at Kunmlst gauging station. The observed,
TRMM-GPCC and TRMM-Gauge BC runoffs are shown Infioous blue, dashed green and
continuous red lines respectively. The time sasiéom 2000 to 2012 plotted as ten days

averages.

Ur Maral Observed & Simulated Runoff
| | | | | |

60
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Figure 48: Observed and simulated runoffs at Ur Magyauging station. The observed,
TRMM-GPCC and TRMM-Gauge BC runoffs are shown Inyimoous blue, dashed green and
continuous red lines respectively. The time sasiéom 2000 to 2012 plotted as ten days

averages.
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Uch Koshi Obsened & Simulated Runoff
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Figure 49: Observed and simulated runoffs at Uclelikay gauging station. The observed,
TRMM-GPCC and TRMM-Gauge BC runoffs are shown Inyimeous blue, dashed green and
continuous red lines respectively. The time sasiéom 2000 to 2012 plotted as ten days

averages. Uch Kochoy observed runoff is missingheryear 2006.

Runoff
|

Kara Oi Observed & Simulated
| | |

120

100 —

80 —

60 —

m3/ sec

40 +

Figure 50: Observed and simulated runoffs at Kaigg@uging station. The observed, TRMM-
GPCC and TRMM-Gauge BC runoffs are shown by coatiablue, dashed green and
continuous red lines respectively. The time sasié&m 2000 to 2012 plotted as ten days

averages.
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Kluchewka Obsened & Simulated Runoff
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Figure 51: Observed and simulated runoffs at Klwd@egauging station. The observed,
TRMM-GPCC and TRMM-Gauge BC runoffs are shown Infiroous blue, dashed green and
continuous red lines respectively. The time sasiéom 2000 to 2012 plotted as ten days

averages.
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Figure 52: Observed and simulated runoffs at KiReservoir gauging station. The observed,
TRMM-GPCC and TRMM-Gauge BC runoffs are shown Iyimoous blue, dashed green and
continuous red lines respectively. The time sasiéom 2000 to 2012 plotted as ten days

averages.
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The model is underestimating runoff at Ak Tash &sdh Tash stations which is because of
inadequate soil information from FAO map. 64 % tofdy area is characterized as clay loam.
A small change in properties of this soil regions halatively small effect on flow of

mountainous stations but the impact is large oadlplain gauging stations. If the properties
like soil depth, residual soil water content ardueed, the water holding capacity of the soil
reduces which results in higher flow in the chanihtdnce the runoff at Ak Tash and Besh
Tash improves but on the other hand this causeg lacrease in runoff at the downstream
stations especially Kluchevka and Kirov reservdine volumetric difference increases by
large amount at Kirov reservoir. Therefore a compse had to be made between runoff at

upstream stations Ak Tash, Besh Tash and floodjaiohevka and Kirov Reservoir stations.

The Ur Maral and Kumush Too gauging stations haiféerdnt runoff characteristics.

Although they are present in a separate regionwisicomposed of sandy loam soil type but
soil has proven not to be the only important faagtamodeling the runoff of these stations. The
problem is that the simulated runoff peak occurs oonth earlier than the observed runoff
peak. To control this, the hydraulic conductivity soil was reduced and soil depth was
increased which delayed the simulated runoff peatkke summer. But this decreased the total
water flowing through the stations and increasedublumetric difference. The factors other
than soil properties that can be important in dagyhe simulated runoff for Ur Maral and

Kumush Too can be roughness of the terrain and flaviition coefficient. The Manning’s

roughness coefficient and flow partition coeffidieepend on Strahler order of the stream in

TOPKAPI. They are constant for one stream typedashge with varying stream order.

A brief summary of runoff results on annual scaleshown in Table 7. If a box model is
considered where precipitation is input, evapopaasion and water abstraction for irrigation
are losses and Kirov reservoir is taken as theebpthint of the catchment (in truth the outlet
point is few pixels downstream Kirov gauge) whehe total discharge is measured, the

precipitation corrected with observed data givedreesults.
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Table 7: Correlation coefficient, coefficient oftelenination and volumetric difference
between observed and simulated runoff. The reatdtsiveraged for 13 year period (2000 to
2012). The table shows comparison between resuftodel run from TRMM-Gauge and
TRMM-GPCC bias corrected precipitation datasets.

Talas Ak Tash 0.92 0.91 0.91 0.80 -0.132 -0.043
Besh Tash 0.94 0.93 0.96 0.91 -0.049 -0.012
Kumush Too 0.76 0.80 0.87 0.70 - 0.006 0.034
Ur Maral 0.76 0.80 0.92 0.82 - 0.084 0.033

Uch Kochoy 0.77 0.79 0.52 -0.11 -0.016 0.130
Kara Oi 0.75 0.72 0.33 -0.91 0.019 0.375

Kluchevka 0.51 0.39 -0.85 -5.17 0.254 0.997
Kirov Reservoir 0.55 0.41 -0.95 -5.82 0.219 1.073

4.1.1. Snow Cover Efficiency

The accuracy of simulated snow cover was calculate@domparing it with MODIS snow
cover images on a pixel to pixel badie mean snow cover efficiency is equal to 80 %he
snow melt starts from Talas valley and croplané ameNorth-West of the basin. With the rise
of temperature in summer, the snow in the nearbyntains starts melting gradually in south
and east direction. The southern part shows relgtiyuick snow melt as compared to eastern
part. This is because of higher mountains in trstega side which have a higher temperature
gradient. By the end of May more than 90 % of dreeomes snow free as shown in MODIS
images. The eastern part receives higher predgitaind the snow accumulation starts earlier
there as compared to mountains in the south anih mimection. Hence this area shows late
snow melt and early snow accumulation. The snowt pedurs few weeks late in the model
and the snow does not melt as quickly as observeddel MODIS data. This is a drawback in
the present study as more time was required tdreadi the model. A comparison of snow
cover area on the first day of each month is shiomthe next three figures. The comparison is

shown for the year 2003.
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Figure 53: Comparison between MODIS observed SnoveCafter temporal combination
(left column) and modeled snow cover by TOPKARhf{rcolumn) from January to April,
2003.
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Figure 54: Comparison between MODIS observed SnoveCafter temporal combination
(left column) and modeled snow cover by TOPKARhfrcolumn) from May to August, 2003.
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Figure 55: Comparison between MODIS observed SnoveCafter temporal combination
(left column) and modeled snow cover by TOPKARhf{rcolumn) from September to
December, 2003.
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Figure 56: Monthly average of snow water equivalieom 2000 to 2012. The maps show
snow height measured in mm of water equivalentisnaonthly cycle averaged for a period
of 13 years.

The monthly average of simulated snow water egeital shown in Figure 56. The snowfall
starts in the month of October with higher intengivver the eastern mountains. The whole
basin is then gradually covered by snow which readts maximum extent in February. The
snow height is small in the valley represented iy white and the grey colors. The snow

height starts decreasing from March and roughly®6f the area becomes snow free in June.

4.1.2. Low runoff years

The observed runoff is quite low in 2000, 2001, 0RP008 and 2012 which is not correctly
predicted by the model. The simulated runoff isdowhan in other years but still higher than
observed discharge in the low runoff years. Thesibdes reasons for low observed discharge
can be (1) Low precipitation, (2) High temperatore(3) Increase in water abstraction for

irrigation.
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Figure 57: Two annual cycles of TRMM long term rhgnimean calculated for a period of 15
years from 1998 to 2012. The TRMM-Gauge bias ctetedata is used in this calculation and
the plot is made by taking monthly averages ofydaiécipitation in mm.

The two annual cycles of TRMM long term monthly meae presented in Figure 57. The plot
shows that the study area receives higher sumneeipitation in April and May and higher

early winter precipitation in October and Novemb&he first graph in Figure 58 shows
TRMM running monthly mean. The precipitation wasvlon 2000, 2001, 2004, 2006, 2008
and 2012. The long term monthly mean was subtraftted running monthly mean of each

Figure 58: TRMM running monthly mean and TRMM mbindmomalies from 2000 to
2012. The TRMM-Gauge bias corrected data is usékisncalculation and the plot is
made by taking monthly averages of daily precimtatn mm.
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year to produce the monthly anomalies plot showrhian second graph in Figure 58. The
anomalies graph also reveals lower than averagepiegion in these years. The precipitation
is particularly below average in the summer momthae it is positive in the month of October
in most of the years. The precipitation was beleerage for most of the months in 2000 and
2001. The winter of 2005 and summer of 2006 alseived less precipitation. The lower than
average snowfall in 2005 led to small runoff getetafrom snow melt in the succeeding
summer period of 2006. In addition the summer jpigation was also low in 2006. The two
events of less precipitation resulted in overal kaver discharge in the year 2006. A similar
event took place in winter 2007 and summer 2008s Thused another year with low river
runoff. The precipitation was below average allrylang in 2012 except for the month of
December. This figure provides one reason for ex¢fg low observed runoff in the above
mentioned years. These years were characterizé&mhbgrecipitation, particularly the summer

rainfall.
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Figure 59: Difference in observed and simulated runoff atdklevka and Kirov reservc
gauging stations. The graphs are made after subtrg@verage decadal observed runoff
from TOPKAPI simulated runoff.
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The reason for higher simulated runoff is overeation of precipitation by the TRMM
product. The anomalies plot shows less precipitatiche low runoff years but it is still higher
than the observed values. Although bias correcfofRMM data with Gauge readings helped
to scale down the precipitation but it did not hébperadicating the overestimation error
completely (Table 6). A detailed analysis of thegppitation anomalies for individual sub-
catchments of the mountainous stations was alstedaout (Figure 95, Appendix C). The
results show a very similar pattern as that of tTRMM anomalies plot for Talas catchment
(Figure 58) with little increase in positive andyaéve anomalies. This shows that the TRMM
actually observed less precipitation in the lowaffiyears at mountainous regions of the study

area but it was still higher than the actual prigifon there.

The difference in the observed and simulated runo$f at Kluchevka and Kirov gauging
stations (Figure 59) shows that the simulated runbdis overestimated by more or less the
same quantity throughout the time series (exceptiofior the year 2001).This is due to
higher input of water into the hydrological systemin form of precipitation. The remotely

sensed data overestimate precipitation by roughlyhe same amount every year.

Talas Temperature Anomalies

Year

Figure 60: Temperature anomalies from 2000 to 20t graph shows anomalies in monthly
average temperature in Talas Valley calculated sing 13 years of long term mean from
2000 to 2012.

Figure 60 shows that the temperature in Talas yalkes above average in the summer months
of 2001, 2005, 2006, 2007, 2008 and 2012. All esthdo not correspond to the low runoff
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years but temperature is one of the reasons fer dudmmer periods in 2001, 2006, 2008 and
2012. The warmer season is especially visible P628nd 2008. The hotter climate combined

with low precipitation resulted in decreased runofthe river.

Higher water abstraction can be one of the impomeaasons for low observed runoff. Crops
having higher water demand like rice and cottonraeregularly sown in Talas valley. But
there is a big possibility of change in croppindgt@a in these years. In order to analyze this,
the difference in runoff observed at Kluchevkaistatand total runoff from stations located
upstream of Kluchevka was calculated for 13 yetine long term difference (Figure 29) was
subtracted from yearly difference to generate tienzlies plot (Figure 61). The graph shows
that the water abstraction was high in the yea@®20001 and 2012. But the water abstraction
was not high in all of the low runoff years. In #&duh the anomalies are positive and high in
the years 2009, and 2011 also but the water flothénriver was not low in these years. This

means that water abstraction for irrigation doeshawe a drastic effect in reducing discharge

of the river.
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Figure 61: Talas Kluchevka runoff difference anaesfrom 2000 to 2012. The plot is made
after subtracting long term difference in runof€oeded at Kluchevka and total runoff from
stations located upstream of it from yearly diffeze.

4.2. TOPKAPI Ecosystem Components

4.2.1. Precipitation
Figure 63 shows total precipitation received in ¢héchment and its partitioning into rain and
snow according to temperature. The figure is forM\R data bias corrected with gauge

precipitation. The area receives relatively highecipitation twice a year as can be seen in the
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second graph in the figure. The first high preeifpgn event occurs in May while the second
one occurs in October. The precipitation is lessnduthe other months. It is classified as rain
or snow by adjusting the threshold air temperafioréhe precipitation state transition factor in
the model. When the temperature is above this ltbids it rains, while it snows when the
temperature is below or equal to the threshold eatpre. Rainfall mostly occurs in the
summer months between March and October when timpeture is high. Snowfall is
dominant from November to February. This can berseehe third and the fourth graphs in
the figure and can be compared with temperaturthenfirst graph. The snow peaks occur
when the temperature lines are in depression reptieg cold winter climate and the rainfall
approaches zero in these months. Precipitatiomawfall is zero during summer when the
rainfall lines are at peak. The trend is more prant in Figure 64 which shows results for
TRMM dataset bias corrected with GPCC precipitatidne first difference between the two
figures is higher total precipitation in GPCC b@srected data. The snow and rain peaks in
winter can be better seen in the latter figure Wregplains the change of precipitation state

with temperature.

The spatial distribution of precipitation as raihfand snowfall is also shown in Figure 62. The
precipitation is dominantly rainfall in the lowelegation regions where the temperature is low.
And it precipitates as snowfall at higher altitudeecause of decrease in temperature due to

adiabatic lapse rate and elevation.

Rainfall Snowfall

_ L

0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045

Figure 62: Distribution of precipitation into raiafl and snowfall depending upon temperature
and elevation in the study area. The graphs shavame hourly precipitation in mm from
2000 to 2012.
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Figure 63: Total precipitation and its distributianto rain and snow depending on
temperature. The time series is from 2000 to 20LZRMM-Gauge BC precipitation. The

plotted values are ten days averages.
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Figure 64: Total precipitation and its partitioningto rain and snow according to
temperature. The time series is from 2000 to 20LZRMM-GPCC BC precipitation. The

plotted values are ten days averages.
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4.2.2. Snow melt

The seasonal change in snow melt timing is predent€igure 65. Separate plots are made for
Gauge and GPCC BC precipitations in the blue ardrgfines respectively. The snow melt is
highest in hot summer months of May, June and \itlgn the temperature is at its peak. The
peak slowly declines till the end of each year @nedsnow melt is very low from November to
January. The enhanced temperature index modeltosealculate snow melt is a function of
temperature, global irradiance, albedo and two sogbifactors namely shortwave radiation
factor and temperature factor. In addition the smoeit is also dependent on three factors (1)
Threshold temperature for snow melt (2) Melt onsshperature (3) Number of days that
should exceed the limit of melt onset temperatarerder for melt to occur finally depending
on threshold temperature. Since the temperatureottan go above zero in the valley and
mountainous regions in May and October and sufficemergy is also available from sunlight,
the freshly fallen snow in these two months firtdsniay to the river soon. This is evident from
the two peaks which occur before and after thedsgpeak of snow melt in the summer. The
big peak occurring before the highest peak is iry ad the little peak occurring after is in
October. Hence a part of the precipitation whidlsfen the form of snow as shown in Figure

63 and Figure 64 melts earlier.

One interesting fact shown in this figure is thapgir for number of grid cells covered with
snow in the catchment. It is almost the same fertébo datasets throughout the time series as
the two lines are overlapping. The reason for thishat although the total precipitation in
GPCC corrected data is higher as compared to Geaigected data, this high precipitation
falls as snow on the same number of grid cellslejbends on temperature of the grid cells
which does not change in the two model runs. Tesilts in larger snow water equivalent
content in GPCC corrected data but the numberltsf cevered with snow remains the same in

both model runs.
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in the catchment. The time series is from 200MiR2Dlotted as ten days averages. The blue

Figure 65: Snow melt in mm of water equivalentipaur and number of cells covered by snow
and green lines represent model runs from TRMM-@Gaugl TRMM-GPCC bias corrected
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4.2.3. Evapotranspiration

The environmental demand of evapotranspiration aoidal evapotranspiration (AET) taking

place in the study area is shown in Figure 66. &¥apotranspiration rises in the summer with
rise in temperature and global irradiance (Figud¢ @xd becomes zero in the winter when
global irradiance is least, temperature is belo#eZing point and the study area is largely
covered with snow. A crop factor correction is alsoluded in the model to account for

increase in potential evapotranspiration (PET) he firrigated area. This result in slight

increase in PET in the third plot compared to PEfineated without considering the crop

effect in the second plot. As the temperature, atlimansmissivity and global irradiance do not
change, PET is similar to the two precipitatioradats.

The AET is approximately three times less than Rificating deficiency of water available to

balance this difference. The AET from TRMM-GPCCrected data (dashed green line) is
larger than the other data because it has highanmeecipitation and supplies more water to
the area that eventually results in higher AETis limportant to note here that AET is less in
the years 2000, 2001, 2004, 2006, 2008 and 2012mwdurrespond to low runoff years also.
This is because the climate was drier than usudllass water was available in form of

precipitation and hence for evapotranspiratiortnat time.

The AET is significantly higher in the cropland areThe mountains in the catchment are
mostly dry with no vegetation cover and hence tli€l As lower at high altitudes. The river
and streams also contribute to water losses threughoration as shown in Figure 67. There is

a considerable increase in AET with irrigation gfiaultural districts.
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Figure 66: Seasonal variation of potential evapospiration, potential evapotranspiration
after crop factor correction and actual evapotraimagion. Blue lines represent results of
TRMM bias correction from gauge observed preciptaand broken green lines represent
results from GPCC bias corrected precipitation. Madues are 10 days average from year

2000 to 2012.
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Actual Evapotranspiration Actual Evapotranspiration

Figure 67: Spatial distribution of actual evapotspiration in the study area. The left and the
right maps are made from model runs with and withoigation. The graphs show average
daily AET in ni from 2000 to 2012.

4.2.4. Exfiltration

Figure 68 depicts the contribution of soil and grdwater storage to the surface and channel
flow through exfiltration. The figure includes gltapfor exfiltration from the top soil layer,
bottom soil layer and groundwater. Exfiltratiorhigher in the summer when plenty of water is
available through rainfall and snow melt. It is affied by the soil and transported to the
bottom soil layer and groundwater component throbgtraulic conductivity. Part of this
water exfiltrates and feeds the soil layer abovéherwater channel. The exfiltration is less in
the first soil layer as compared to the secondlagdr and it is highest in case of groundwater.
This is related to the soil depth and its storageacity. The first soil layer has little depth and
can store less water. The second soil layer haargerl depth than the top layer and
groundwater storage is the largest. Hence thetetidn is higher as we move from the surface
to the groundwater component because of greatexcitgdo store and transport water. The
exfiltration is higher from GPCC BC precipitatiom all components as shown by green lines

because of higher mean precipitation and watetavbdy.

83



TOPKAPI Modeled Runoff

Chapter 4

Total Precipitation

01 02 03 04 05 06 07 08 09 10 11 12

2000

Exfiltration Soil A Layer

01 02 03 04 05 06 07 08 09 10 11 12

2000

Exfiltration Soil B Layer

01 02 03 04 05 06 07 08 09 10 11 12

2000

Exfiltration Groundwater

01 02 03 04 05 06 07 08 09 10 11 12

2000

Figure 68: Exfiltration from first soil layer, send soil layer and groundwater. The time series

is from 2000 to 2012 plotted as ten days averages.blue and green lines represent model

runs from TRMM-Gauge and TRMM-GPCC bias correctetipitations respectively.
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4.2.5. Water flow and water volume

The same trend is seen for water flow and watarmael at the surface, in the soil layers and in
groundwater i.e. they are higher in summer andedeser in winter. Figure 69 shows water flow
at the surface and in the two soil layers. Theamafflow is smaller as most of the water
infiltrates into the soil or goes to the channdieTop soil layer has higher flow peaks because
of higher conductivity and lower depth. This makesensitive to rainfall events and the graph
shows sudden increases in May and October. Theifialwe second soil layer is not as high
and it shows less decrease in winter too. The lmseductivity and higher depth allows it to
store and transport water at a slower rate compiardde first soil layer. It is also not very
sensitive to rainfall events. The groundwater flmasignificantly less because of very low

conductivity.

The difference in water volume in the channelhatdurface and in the soil layers is shown in
Figure 70. Please note that the y-axis in thisrégs not constant for all graphs. The bottom
soil layer plays an important role in feeding waterthe channel as it has a higher water
volume. Water stored in the second soil layer ammdimdwater aquifers are main sources of
generating runoff in the channel during winter whikare is little rain and the snow melt is

small. The spatial distribution of the groundwat®ume and groundwater table depth is
shown in Figure 71. The floodplain area in the iagihich dominantly contains the

agricultural fields has higher groundwater volunibe volume is also higher along the river
bed in the mountainous regions. It is minimum alode to zero at higher altitude because of
steep slope and lower groundwater depth. The flaidparea is flat and serves as the
collection point of groundwater flow. The groundesatable is also high in the valley and

along the river and streams in the mountainousoreyyi The thin brown lines representing
higher groundwater table at higher altitudes matefi with the stream network map of the

study area. This is simply because of higher sex=pagl discharge of groundwater into the

streams.

The seasonal variation and spatial distributioibftration, percolation and soil saturation is
also similar to the above explained variables. Téa®yhigh in summer and decrease in winter
(Figure 93 and Figure 94 in Appendix B). The diéfiece in soil saturation in the floodplain

and the mountains is presented in the Figure 72.
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Figure 69: Flow of water at surface and in firstdasecond soil layers. The time series is from
2000 to 2012 plotted as ten days averages. Thedridegreen lines represent model runs from

TRMM-Gauge observed and TRMM-GPCC bias correctedipitation respectively.
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Figure 70: Seasonal variation of water volume ia thannel, at the surface and in the first
and second soil layers. The time series is fronD202012 plotted as ten days averages. The

blue and green lines represent model runs from TR&HIge observed and TRMM-GPCC

bias corrected precipitation respectively.
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Groundwater Volume Groundwater Table

Figure 71: Mean daily groundwater volume and growater table from 2000 to 2012. The
graphs are made from TRMM-Gauge corrected predipita Groundwater volume is
measured in fwhile the table is measured in m from the surfaceach pixel.

Upper Soil Layer Saturation Lower Soil Layer Saturation

Figure 72: Saturation percentage of upper and los@i layers and its spatial distribution in
the study area. The values show average saturégrevel from 2000 to 2012.
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4.3. lIrrigation Demand

The effect of water abstraction from the river teanthe irrigation demand is presented in this
section. The model was run with TRMM-Gauge BC p#ation. All other inputs and
parameters were kept constant while the water atigin module was turned off only. Since
there is no water abstraction before the mountairgauging stations, they do not show any
change in runoff. The cropland area in the subkraéents of Uch Kochi and Kara Oi stations
is small and the change in runoff is also littibeTeffect of water abstraction on river flow is
prominent in the cases of Kluchevka and Kirov Resiergauging stations. Hence the runoff

comparison is shown only for these two stationse hiar Figure 73. The simulated values
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Figure 73: Observed and simulated runoff at Kluchevka andKReservoir gauging statior

The blue, red and green lines represent observedffumodel run with irrigation and without

irrigation. The time series is from 2000 to 2018t@d as ten days average and the model was
run with TRMM-Gauge bias corrected precipitation.
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without water abstraction are significantly highiean the observed runoff and the modeled
flow with water abstraction. The rise occurs in tenmer because the water abstraction is
scheduled from March to October. As the model atérated runoff in the years 2000, 2001,
2004, 2006, 2008 and 2012, the results are alrgady in case of runoff without water

abstraction.

The water balance components are also examinetharrésults show an expected increase in
channel water volume owing to absence of waterfaisgrigation. The surface water volume
and water retained in the first and second sokrdaydecreases. This is shown in Figure 75
where blue and red lines represent results fromeinds with and without irrigation. This
causes a decrease in infiltration from the surfanoe percolation from soil layers. The
saturation percentage of soil layers also decreddesse results are presented in Figure 94
Appendix C. Please note that the channel watemvelgraph shown in Figure 75 represents
the average channel water volume in the whole cagcih. One may think that the rise in
channel water volume is not balancing the declnsuirface and soil water volumes. Figure 74
shows channel water volume passing through thestoadll of the basin. The difference is
significant in this figure and the effect of watpstraction can be better understood. This
graph is quite similar to runoff at Kirov becaube utlet cell is very close to the reservoir

gauging station.
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Figure 74: Water volume passing through the chawmfdlasin’s outlet cell. The results are
derived from the model run with TRMM-Gauge biageoted precipitation. The blue and
broken red lines represent results for model ruthaind without water abstraction from the
river. The time series is from 2000 to 2012 ploteden days averages.
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Figure 75: Variation in water volume in the chanre surface and in the two soil layers. The
results are derived from model run with TRMM-Gabges corrected precipitation. The blue

and broken red lines represent results for modelwith water abstraction and without water
abstraction from the river. The time series is fr2d®0 to 2012 plotted as ten days averages.
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Figure 76: Difference in AET
lines) and without (broken red lines) water absti@ac from the river. The results are derived

from model run with TRMM

-Gauge bias corrected pp&ation. The time series is from 2000

to 2012 plotted as ten days averages.
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The potential evapotranspiration does not changause temperature and global irradiance
are identical in the two model runs. However thésea notable decrease in actual
evapotranspiration in summer because less watavadable in the cropland that can be
transpired by the plants (Figure 76). The exfiimatfrom soil layers and the groundwater
component also decreases because of decrease imfillation and surface/soil water
volumes. The decrease in exfiltration is largetfa second soil layer while it is small for the
first soil layer and groundwater. This is relatex the total water holding capacity and
conductivity of each medium. The bottom soil lajieas approximately double the thickness of
the top layer resulting in larger decrease of watdnme and exfiltration in this layer. On the
other hand, the reason for small decrease in etfdnh from groundwater despite of its greater
depth is because of very low hydraulic conductivithe large water volume stored in the
groundwater aquifer is still enough to keep thepbpmsufficient and prevent considerable

decrease in exfiltration.

Table 8: Annual volumetric difference in runofflwé&nd without irrigation. Water volume
increases significantly at Kluchevka and Kirov msé gauging stations without irrigation.
The values represent average annual volumetriemiffce for a period of 13 (2000 to 2012).

Model run Model run without

Station Name

with Irrigation Irrigation
Ak Tash -0.132 -0.132
Besh Tash - 0.049 -0.051
Kumush Too - 0.006 - 0.006
Ur Maral -0.084 -0.084
Uch Kochoy -0.016 0.006
Kara Oi 0.019 0.080
Kluchevka 0.254 0.616
Kirov 0.219 0.700
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Chapter 5

5. Annual Water Volume Forecast

Annual water volume prediction method is derivednira bachelor thesis carried out by
Andreas Schmidt as part of this project (Schmidt Barner 2013). He used Landsat images to
determine snow cover area and annual water volurm@las River. In this report, three other

sources are used for forecasting annual water v@lum

The snow covered area determined from MODIS wad usgally to find correlation. This is
the easiest method of predicting water volume asly requires clouds free MODIS images
and observed runoff. Every year the snow covered @ found by using image of 20th
February because the snow cover is at maximumisnnionth. The area was calculated by
accumulating number of pixels covered by snow amdtiplying it with the pixel dimension
i.e. 500 m x 500 m. The water volume is estimatedaking sum of the decadal runoff from
20 February to 31 December and convertingt year. The scatter plots between these two
variables are generated for the whole basin as agethe sub-catchments on annual basis as
shown in Figure 77. The gauging stations with sncalichment area like Besh Tash and
Kumush Too appear close to the origin while Kludteeand Kirov show highest snow area
and water volume every year due to bigger catchrasrd. The plots for the year 2000 have

not been added to save space.
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Annual Water Volume Forecast

® Ak Tash

X 1010 2002 X 1010 2003

Besh Tash ) Kumush Too ) Ur Maral
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Klucheska @  Kirov — - — Linear Regression

Figure 77: Correlation between MODIS snow cover and annuatiewvolume observed
gauging stations. The scatter plots are made bgutaling area covered by snow (square
meter) in each sub-catchment and plotting it agatiine sum of water volumes (cubic

meter) observed till the end of the respective year

Figure 78 shows scatter plots made in exactly timesway but with snow cover area

simulated by TOPKAPI using TRMM-Gauge corrected cjpitation. The snow depth

information produced by TOPKAPI is also used tafencorrelation with observed runoff. The

snow depth is always measured as mm of water eguivan the model for each day. The

water content of the snow was converted to volumeriand scatter plots were made (Figure

79). The latter two runoff prediction strategiesnfr snow cover and snow depth information

provided by TOPKAPI require temperature, preciptat cloud transmissivity etc. data in

order to run the model. Hence extensive data idesteompared to the runoff prediction from

MODIS snow cover images.
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Figure 78: Correlation between TOPKAPI simulated snow caeda annual water volurr
observed at gauging stations. The scatter plotsw@ade by calculating area covered by
snow (square meter) in each sub-catchment andmjattagainst the sum of water volumes

(cubic meter) observed till the end of the respecyear.

The goodness of fit between the variables in tlatec plots made by these three methods is
assessed by calculating coefficient of determimafi®). A comparison of this is presented in
Table 9. All of the three methods show strong datien and it is highest when using
TOPKAPI snow water equivalent data. The correlatisnlow in the low runoff years
particularly in 2000 and 2001. The x and y axisas constant in the plots and a decrease in

snow cover area and runoff can be observed irotheunoff years.
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Figure 79: Correlation between TOPKAPI simulated snow watguivalent and annui
water volume observed at gauging stations. Theescplots are made by calculating snow
water equivalent (cubic meter) in each sub-catchtraed plotting it against the sum of
water volumes (cubic meter) observed till the efnithe respective year.

The correlation comparison depicts that this metbaa be successfully used to predict total
water volume that will flow in the Talas River.dan help in managing water resources by
drafting plans of water allocation for irrigatiomesidential area, winter release for salts
flushing and decisions about sowing of crops (legHow water requirement) depending on
water availability. However it has the drawbackcofmpletely ignoring runoff generation from
summer and early winter precipitation. The strorgrelation despite the fact that the
precipitation is not considered is due to exclussbrwater uses for irrigation and household
purposes in the Talas city. Hence the ignorancgadér addition from precipitation and water

use in the city balance each other leaving a swot@hge in the total water volume. This
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method cannot be used to forecast the time asedciwith discharge peak and decline. The
only way is to use average runoff seasonality gsdfptim previous years to get an idea of rise

and fall in the flow by rule of the thumb.

Table 9: Coefficient of determinatiorf(ibetween snow cover/snow water equivalent and
annual sum of water volume observed at runoff gapgtations from 2000 to 2012.

Coefficient of Determination ( r*)

MODIS TOPKAPI TOPKAPI Snow
Snow Cover Snow Cover Water Equivalent
2000 0.54 0.53 0.52
2001 0.70 0.69 0.74
2002 0.88 0.90 0.95
2003 0.96 0.91 0.95
2004 0.93 0.91 0.91
2005 0.86 0.86 0.90
2006 0.78 0.77 0.81
2007 0.90 0.90 0.93
2008 0.85 0.86 0.89
2009 0.75 0.73 0.80
2010 0.83 0.83 0.88
2011 0.78 0.73 0.82
2012 0.79 0.78 0.85
Mean 0.81 0.80 0.84

99



100



Chapter 6

6. Synthesis

6.1. Discussion

In this thesis the TOPopographic Kinematic wave dRpnation and Integration (TOPKAPI)
model is used to simulate the snow melt and rivectdirge of Talas river basin. The river
flows through the cities of Talas and Taraz andpBep water to 242,600 ha of agricultural
land in the two countries. The fully distributedhygically based, rainfall-runoff model was fed
with the remotely sensed digital elevation map (DEMNd cover map, cloud transmissivity
and precipitation data. The other data prepardddes temperature and soil map. Accuracy of
the simulated discharge and snow cover area wassess against the observed runoff from

eight gauging stations and MODIS snow cover images.

The simulated discharge shows high correlation wlitkerved data at mountainous stations
while the correlation is low for floodplain gaugistations. The average snow cover efficiency
was found equal to 80 % when a pixel to pixel congoa was done. Keeping in mind the

limitations of observed precipitation data, nodiglxperiments being performed and running

the model from remotely sensed products, the =aué very good and encouraging.

Water abstraction for irrigation purpose and inadddg precipitation and soil data are the main
reasons for low correlation of floodplain gaugingat®ns. Water abstraction causes
depressions in the flow peak in May, June and Audusvas also included in the model by

distributing cropland into 71 irrigation districésxd supplying water to them in the summer.
This helped to decrease the volumetric differencé observed and the simulated runoffs but

the seasonality in the flow depression and risédcoot be exactly captured.

Overestimation of precipitation in the TRMM datah& most important reason for volumetric
difference and low correlation between observed @odieled discharge at Kluchevka and
Kirov reservoir gauging stations. TRMM precipitatiovas reduced by 33 % with gauge bias
correction but it is still half time (46 %) moreath the observed precipitation at Talas
meteorological station. This results in higher wabe the hydrological system of the
catchment. Provided that the water losses througharanspiration, infiltration are physically

oriented in the model and are dependent on temperahd soil properties of each pixel, they
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cannot exceed a certain limit. The excess wateudhb through precipitation ultimately
reaches Kluchevka and Kirov stations and resultsoderately high volumetric difference and

low correlation.

The 67 % of study area being classified as onetgod in FAO soil map resulted in negative

volumetric difference for Ak Tash and Besh Tashiates despite of excess water in the
system. The runoff of these stations can be inegthg changing the soil properties (hydraulic
conductivity, soil moisture percentage etc.) an@pegranspiration but this causes large
increase in the flow at downstream stations. Hentedeoff had to be made between runoff
differences at mountainous and floodplain gaugitagians by calibrating soil properties to

intermediate level. The soil map was not divided ismaller units for sub-catchments as there

was no experimental proof for this and we had lyp @a what was supplied by FAO.

The simulated runoff is higher in five years (lownoff years) due to overestimation of

precipitation in the TRMM data. The annual diffeczenn observed and modeled discharge
reveals that the same amount (annual difference)atér is simulated by the model in the low
runoff years. It follows that if the error in predation data is ruled out, the model results will

be good in the low runoff years also.

A runoff prediction method is also proposed in stisdy for Talas catchment. The total water
volume that will be available in one year can bee¢asted by using snow cover information
from MODIS images after clouds removal, TOPKAPI siated snow cover or TOPKAPI
generated snow water equivalent data. These thobaigues were applied from 2000 to 2012
and the results show good correlatiofy @f 0.81, 0.80 and 0.84 for the three techniques
respectively. The prediction can help in the edfitimanagement of water resources and the

Kirov reservoir.

6.2. Conclusion

This study focuses on the use of remotely sensedptation data together with a physically
based rainfall-runoff model, TOPAKPI; to simulatetsnow melt and river discharge in Talas
catchment. The major findings of the thesis aré témotely sensed data can be used to model
hydrology of the basin with fair accuracy and thexests a strong coupling between the snow
melt and Talas river flow. The study area is send-and snowmelt is the major source of
river flow in the summer. The study also shows tM&DIS snow cover images can help in

simulating the snow cover area and the snow matbatct time. The information available
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through MODIS is a key to success in modeling ungga basins like our study area having

tough topography and sparse weather stations.

In addition the snow cover area and snow watervadpmt estimated from MODIS and
TOPKAPI can be used to predict the annual watearmel of Talas River. The method was
successfully applied to the study area and theltseshowed high accuracy. This can be of
great help in proper allocation of water resouraed establishing management plans in well
advance to consume the available water in thepmesgible manner. The snow melt modeling
and runoff prediction strategies used in this weatk be instrumental in removing the conflict
between Kyrgyzstan and Kazakhstan. It can lay dfmundation stone for starting a new era
of friendship and trust among the two countries tleve been in dispute since independence

over water resources.

6.3. Further Research

There are a lot of options for further researchthos study area. The future research projects
can focus on the whole Talas basin which can irchitbcation of water for residential areas,

industrial use, irrigation demand, ecosystem rego@nts and quantity of water that should be
passed down to the salt lakes at the tail endeot#iichment in Kazakhstan. This is important

in order to prevent salinization of the upstreasmar

We have come to know that there are more predpitajauges distributed in the catchment
but their data is not available on the internete ®as to contact Kyrgyz Hydromet Office in
order to obtain this data. The precipitation infatimn from different locations in the study
area can better help in bias correcting the staedlata. This will dramatically improve the

results and overestimation of runoff in the presttly can be resolved.

In this thesis the basin was modeled as one unithuinakes the calibration difficult as some
of the parameters should not be kept constanthi®mthole area. Dividing the basin into sub-
catchments can solve this problem. It will helgcalibrating the soil and other parameters for

each individual gauging station without influenciihg flow of the other stations.

Real time temperature and precipitation data abiElfrom weather satellites can be a good

option for forecasting runoff of the river.
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Figure 80: Landsat image of study area. Talas waildeshrouded with mountains in the north,
south and east direction.
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Figure 81: Huge agricultural area in Talas vallejhe dry mountains and Kirov reservoir are
also clearly visible.
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Legend
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Figure 82: Contour map of Talas River Basin. Thatoar lines are overlayed on the hill shade viewhef catchment.
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Talas Surface Slope Map
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Figure 83: Variation in surface slope of the studga. The slope angle is measured in degrees.
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Data Sources Utilized GPCC Data Products

First Guess (GPCC-FG)
-> *  Monthly gridded product available at 1°x1°

resolution for all months since January 2005
/ GTS data updated monthly / *  Delivered 3-5 days post end of analysis month
*Monthly totals derived from SYNOP-DWD s oniSYN OBl romIDWDIon Y .
«CLIMAT from DWD, UK Met Office, JMA ¢ Anomaly interpolation utilizes GPCC-CLIM topic
*Monthly totals derived from SYNOP-CPC at analysis time

* DOI:10.5676/DWD_GPCC/FG_M_100

Monitoring Product (GPCC-MP)

*Monthly gridded product available at 1° and 2.5°
1 resolution (res.) for all months since January 2007
GPCC *Delivered 2 months post end of analysis month
RDBMS *Anomaly interpolation utilizes GPCC-CLIM V2011

for all months
*GPCC-MP currently at V4

A DOl for 1° res.: 10.5676/DWD_GPCC/MP_M_100
Non real time data updated occasionally Climatology (GPCC-CLIM) and
* National data supplied by WMO Full Data Product (GPCC-FD)
Mer.nbers (Annex B). +Gridded products issued approx. every 1-3 yrs.
* Regional data supplied by Pls of +Currently at V2011 and V6 issued in Dec-2011
scientific projects (.Annex C) *GPCC-FD Product with anomaly interpolation that
* Monthly totals derived from GHCN- 3| utilizes GPCC-CLIM V2011 for all months
Daily data set (Menne et al., 2012) *GPCC-FD Product V6 covers all months from Jan-
1901 until Dec-2010
Published global data sets imported once * Both products provided at 0.5°, 1° and 2.5°
* GHCN-V2.0 (Peterson et al., 1998) resolution, GPCC-CLIM also at 0.25°
* CRUCL 2.0 (New et al., 2002) *DOIs: 10.5676/DWD_GPCC/CLIM_M_V2011_100
* FAOCLIM 2.0 (FAO, 2001) and 10.5676/DWD_GPCC/FD_M_V6_100 for 1° res.

Figure 84: Different sources used to feed GPCCtretal database and output products.

Figure 85: Generalized map of Talas River.
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Figure 86: Talas irrigation districts (partially amsparent) overlayed on the hill-shade view of
the catchment. The figure shows that the agricaltarea is present in the flat regions of the
basin.
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Figure 87: Scanning line of MODIS sensor. The stadha is covered by the tile23v04 (Dietz
et al. 2013).
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Calculate Value

Figure 88: Flowchart of ArcGIS model designed foe4processing of MODIS data. The
preprocessing of precipitation, cloud transmissivitas also performed using similar kind of
models
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Talas Ak Tash Observed Runoff
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Figure 89: Observed runoffs at Ak Tash, Besh Tashkaumush Too gauging stations. The
observed data was obtained as ten days averagewaiuni / sec from 2000 to 2012.
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Ur Maral Observed Runoff
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Figure 90: Observed runoffs at Ur Maral, Uch Koch&ara Oi and Kluchevka gauging
stations. The data was obtained as ten days averalges in m/ sec from 2000 to 2012.

114



Appendix B

Kirov Observed Runoff
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Figure 91: Observed runoffs at Kirov Reservoir, Balskie, Beisheke and Chimkentskie
gauging stations. The data was obtained as ten dagsage values from 2000 to 2012.
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Kara Buura Obsenved Runoff
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Figure 92: Observed runoffs at Kara Buura and Ksbie Rodniki gauging stations. The data

10 11 12

was obtained as ten days average values’ihsac from 2000 to 2012.
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Infiltration
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Figure 93: Total infiltration, percolation and sattion level of the first and the second soil

layers. The time series is from 2000 to 2012 piote ten days averages. The blue and green

lines represent model runs from TRMM-Gauge and TRERCC z precipitation datasets.
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Infiltration
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Figure 94: Change in infiltration,

soil layers with (blue lines) and without (brokedrlines) water abstraction from the river.
The results are derived from model run with TRMMi@abias corrected precipitation. The

time series is from 2000 to 2012 plotted as ters @aerages.
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Ak Tash Sub-Catchment Precipitaiton Anomalies
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Figure 95: TRMM monthly precipitation anomalies sub-catchments of mountainous
stations. The TRMM-Gauge BC data is used in thisugation and the plot is made by taking

monthly average of daily precipitation in mm.
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v' Good interpersonal, analytical, communicationalhtécal and management skills.

v' Good teamwork ability, goal oriented and excelleatning attitude.

Education

M.Sc Physical Geography & Ecosystem Analysis (Comued) Jan 2011 —...... 2014
ETH, Zurich - Lund University, Sweden

Major: Hydrology, hydrologic cycle, ecosystem modelingS Gsatellite remote sensing.
Minor: Image processing, cartographic and spatial arslysap projections, interpolations,
greenhouse gases, climate system, meteorologye@alamate, radiation balance, vegetation
dynamics.

B.Sc Agricultural Engineering Sep 2005 — Aug 2009
University of Agriculture, Faisalabad

Major: Surface & groundwater hydrology, machine desighimgste water treatment,

thermodynamics, farm structures

Minor: Engineering statics & dynamics, soil mechanics y&aimics, Engineering drawing,

surveying & leveling, field crops, biogas, remotensing, turbines, pumps, I.C engines,
drainage.

Experience

Snow Melt & Runoff Assessment of Talas River BasirKyrgyzstan Dec 2012 — Nov 2013
Swiss Federal Institute of Technology (ETH) Zurich

Responsibilities: This project is part of master thesis being cdroet at ETH, Zurich. The
runoff of Talas River is determined by snow meld gmecipitation in the mountains. Rainfall
data was obtained from remotely sensed TRMM, CMOR®RHEPCC products. Digital
Elevation Model, Soil map, Land Cover map & FraatibCloud Cover data were obtained
from ASTER DEM, FAO, Globe Cover and CF-SAM datasetspectively. All these inputs
together with real time temperature data from NCBé&re fed to TOPKAPI (Topographic
kinematic approximation and integration) model itowdate runoff and snow covered area of
Talas Basin from 1998 — 2012. The modeled runotiopared with observed runoff from 8
Gauging Stations. Snow cover maps generated bymibeel are compared with MODIS
Cryosphere product.

Contact: Tel.: + 41 44 63 33 075 — Fax: + 41 44 63 31 061

Web Link: http://www.ethz.ch/index_ENhttp://www.ifu.ethz.ch/index EN
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Curriculum Vitae

Bachelor Thesis Co - Supervision Mar 2013 — Jun 2013
Predicting Summer Stream Flow from Spring Snowpackn a Catchment in Kyrgyzstan
Students: Andreas Schmidt and David Farner

Abstract: Correlation between snow covered area in springrandff volume in summer is
found by developing a simple model. The predictiohsunoff from the model are used as
basis for reservoir management plan.

National Internship Program Mar 2010 — Feb 2011
Chief Engineer Faisalabad Irrigation Zone

Responsibilities: The internship was mainly aimed at managing floivwwater in canals
depending on season and amount of area to betgdgApart from that lining of canals and
designing of outlets for supplying water from canal the fields was also carried out.
Contact: Tel.: (92-41) 92 00 268, 92 00 270 — Fax: (92-44)0 277

Internship Jul 2008
Pakistan Council of Research in Water Resources (HFONVR)

Responsibilities: The main responsibilities includetiidy of surface, ground water resources,
annual inflow through precipitation, snowfall ancelimg of glaciers. Water required for
irrigation and hydropower purposes.

Contact: Tel.: (92-51) 92 58 477 - Fax: (92-51) 92 58 963 Website:
http://www.pcrwr.gov.pk

Computer Skills
- Proficient user oArcGIS, MatLab, Microsoft Office, IDRISI

- Beginner level of ERDAS Imagine, Pro-EngineeringtdCAD, C++, Adobe Photoshop

Hobbies
- Extra-Curricular activities | have been doing so &e Equitation, Swimming, Cricket,
Badminton, Photography, Reading, Movies and SdBigsplans for future®
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Seminar Series

Institutionen for naturgeografi och ekosystemvetensap, Lunds Universitet.

Student examensarbete (Seminarieuppsatser). Uppsatinns tillgangliga pa institutionens
geobibliotek, Sélvegatan 12, 223 62 LUND. Serieartale 1985. Hela listan och sjalva
uppsatserna ar aven tillgangliga pa LUP studenesapvww.nateko.lu.se/masterthesis) och

via Geobiblioteket (www.geobib.lu.se)

The student thesis reports are available at thel@wary, Department of Physical Geography
and Ecosystem Science, University of Lund, Sohewgdt2, S-223 62 Lund, Sweden. Report
series started 1985. The complete list and eleictr@rsions are also electronic available at the
LUP student papers (www.nateko.lu.se/masterthesasid through the Geo-library
(www.geobib.lu.se)

245 Linnea Jonsson (2012). Impacts of climate chamgy Pedunculate oak and
Phytophthora activity in north and central Europe

246  Ulrika Belsing (2012) Arktis och Antarktis farderliga havsistacken

247  Anna Lindstein (2012) Riskomraden for erosich oaringslackage i Segeans
avrinningsomrade

248 Bodil Englund (2012) Klimatanpassningsarbetegkstigande havsnivaer i
Kalmar lans kustkommuner

249  Alexandra Dicander (2012) GIS-baserad ovenswdgskartering i Segeans
avrinningsomrade

250 Johannes Jonsson (2012) Defining phenologyteveéth digital repeat
photography

251  Joel Lilliebjorn (2012) Flygbildsbaserad skyztnissinventering vid Segea

252 Camilla Persson (2012) Berdkning av glaciamassbalans — En metodanalys
med fjarranalys och jamviktslinjehdjd 6ver Storgéaen

253 Rebecka Nilsson (2012) Torkan i Australien 28020 Analys av mdjliga
orsaker och effekter

254 Ning Zhang (2012) Automated plane detection extdaction from airborne
laser scanning data of dense urban areas

255 Bawar Tahir (2012) Comparison of the water medaof two forest stands
using the BROOK90 model
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Seminar Series

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

Shubhangi Lamba (2012) Estimating contemponagyhane emissions from
tropical wetlands using multiple modelling approagh

Mohammed S. Alwesabi (2012) MODIS NDVI satelldata for assessing
drought in Somalia during the period 2000-2011

Christine Walsh (2012) Aerosol light absorptineasurement techniques:
A comparison of methods from field data and labmsaexperimentation

Jole Forsmoo (2012) Desertification in Chireyses and preventive actions in
modern time

Min Wang (2012) Seasonal and inter-annual kditya of soil respiration at
Skyttorp, a Swedish boreal forest

Erica Perming (2012) Nitrogen Footprint vs.eLi€ycle Impact Assessment
methods — A comparison of the methods in a casly stu

Sarah Loudin (2012) The response of Europeaest® to the change in
summer temperatures: a comparison between norntalvanm years, from
1996 to 2006

Peng Wang (2012) Web-based public participa®d® application — a case
study on flood emergency management

Minyi Pan (2012) Uncertainty and Sensitivity aysis in Soil Strata Model
Generation for Ground Settlement Risk Evaluation

Mohamed Ahmed (2012) Significance of soil maist on vegetation
greenness in the African Sahel from 1982 to 2008

lurii Shendryk (2013) Integration of LIDAR dasad satellite imagery for
biomass estimation in conifer-dominated forest

Kristian Morin (2013) Mapping moth induced irorest damage in northern
Sweden, with MODIS satellite data

Ylva Persson (2013) Refining fuel loads in IRJESS-SPITFIRE for wet-
dry areas - with an emphasis on Kruger Nationak HFaSouth Africa

Md. Ahsan Mozaffar (2013) Biogenic volatile anic compound emissions
from Willow trees

Lingrui Qi (2013) Urban land expansion modesdthon SLEUTH, a case
study in Dongguan City, China

Hasan Mohammed Hameed (2013) Water harvestingrioil Governorate,
Kurdistan region, Irag - Detection of suitable sitey using Geographic
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Seminar Series

Information System and Remote Sensing
272  Fredrik Alstrom (2013) Effekter av en havsnigjiing kring Falsterbohalvon.
273 Lovisa Dahlquist (2013) Miljoeffekter av jordiasinvesteringar i Etiopien

274 Sebastian Andersson Hylander (2013) Ekosysiestgr i svenska
agroforestrysystem

275 Vlad Pirvulescu (2013) Application of the edzhywariance method under the
canopy at a boreal forest site in central Sweden

276 Malin Broberg (2013) Emissions of biogenic viidaorganic compounds in a
Salix biofuel plantation — field study in Grastdqfweden)

277 Linn Renstrom (2013) Flygbildsbaserad forarghatudie inom skyddszoner
l&angs vattendrag

278 Josefin Methi Sundell (2013) Skotseleffekternailjberséattningen for natur-
och kulturmiljéer i odlingslandskapets smabiotoper

279  Kiristin Agustsdottir (2013) Fishing from Spabtackerel fishing in Icelandic
waters and correlation with satellite variables

280 Cristian Escobar Avaria (2013) Simulating caotreegional pattern and
composition of Chilean native forests using a dyicagmosystem model

281 Martin Nilsson (2013) Comparison of MODIS-Algbms for Estimating
Gross Primary Production from Satellite Data in isard Africa

282  Victor Strevens Bolmgren (2013) The Road topitegss — A Spatial Study of
Accessibility and Well-Being in Hambantota, Sri kan

283 Amelie Lindgren (2013) Spatiotemporal variatiasf net methane emissions
and its causes across an ombrotrophic peatlangiteAstudy from Southern
Sweden

284  Elisabeth Vogel (2013) The temporal and spaaahbility of soil respiration
in boreal forests - A case study of Norunda for€sitral Sweden

285 Cansu Karsili (2013) Calculation of past andspnt water availability in the
Mediterranean region and future estimates accordinghe Thornthwaite
water-balance model

286 Elise Palm (2013) Finding a method for simeéifibiomass measurements on
Sahelian grasslands

287 Manon Marcon (2013) Analysis of biodiversityasgal patterns across multiple
taxa, in Sweden
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Seminar Series

288

289

290

201

292

293

294

295

296

297

298

299

300

301

Emma Li Johansson (2013) A multi-scale analygidiofuel-related land
acquisitions in Tanzania - with focus on Swedearagwvestor

Dipa Paul Chowdhury (2013) Centennial and Milial climate-carbon cycle
feedback analysis for future anthropogenic clintdu@nge

Zhiyong Qi (2013) Geovisualization using HTMLA case study to improve
animations of historical geographic data

Boyi Jiang (2013) GIS-based time series studgod erosion risk using the
Revised Universal Soil Loss Equation (RUSLE) madeh micro-catchment
on Mount Elgon, Uganda

Sabina Berntsson & Josefin Winberg (2013) Théuénce of water
availability on land cover and tree functionality a small-holder farming
system. A minor field study in Trans Nzoia Courity)/ Kenya

Camilla Blixt (2013) Vattenkvalitet - En faltstie av skanska Sabybacken

Mattias Spangmyr (2014) Development of an Opeunrce Mobile
Application for Emergency Data Collection

Hammad Javid (2013) Snowmelt and Runoff Assessment Talas River
Basin Using Remote Sensing Approach

Kirstine Skov (2014) Spatiotemporal variabilitymethane emission from an
Arctic fen over a growing season — dynamics andmifactors

Sandra Persson (2014) Estimating leaf areaxirficem satellite data in
deciduous forests of southern Sweden

Ludvig Forslund (2014) Using digital repeat fgypaphy for monitoring the
regrowth of a clear-cut area

Julia Jacobsson (2014) The Suitability of Usimmndsat TM-5 Images for
Estimating Chromophoric Dissolved Organic MatteSirbarctic Lakes

Johan Westin (2014) Remote sensing of defdiestaalong the trans-
Amazonian highway

Sean Demet (2014) Modeling the evolution ofdfiié: an analysis of short
term wildfire events and their relationship to noetdogical variables
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