) (BRESEMRARAL) B

HEABFMERE RIS T RAEE TR (G1999043400) (M)




RERE

FHEE(BRESEWFRRBRAN ‘RELEFFRREANLT TEABRFMPR"TE R XRHE
WA, ERFRRTEAREEARED S TREUMEXRUERRBILTABESTREX T RAK WY ME
MEFEHHRAET, FRIBAFTREX 25K/, EBEAETUTLRIHFTREAR:

(1) 38 50 b F 2 /% F B i X £ 3R AT, 7K BE 00 K F) FAR B 09 28 AKARAIE , R ok T BAL TR Ak & e
KL FEE IR AR

Q) REEFNTRATRXABMEERGEN TR KWL SEMILH ;

(3) KAEHTHERERRESTRA SBH TN,

(4) SR ESREXNFRAKELN RS MAEBRERLRIT

FHEATHEABRSAE FEBE ESRP RLEPENEXBR EERTANERRRMESE T
BB KRR T TFONE LRBAFHFRHBFARSH

Beifang Ganhanhua dui Nongye.Shuiziyuan he Ziran Shengtai Xitong de Yingxiang
EFFREMNRLY ABRENERESRENER

XY R

(de R P AR AH 46 5  HES: 100081)
HBEE . 010-68407112 HATH . 010-62175925

bttp: //cmp.cma.gov.cn  E-mail: gxcbs@263. net
REARSE: 2T £XF K¥: Bt
HERIE. ki BREH: £4E

:ﬂﬁ}i' iA1=
[ 3 ¢éhizﬁﬁ

F4 . 787x1092 1/16 E]I?rlﬁ 16.50 f?ik 422 F5
2004 4E 10 BE—)R 2004 4F 10 A — W EDR
BI¥: 1~610 EH: 50.00 7
- GE—$5:135029-5340
ABMEEXERAR WO R BH HAS, K540
EARBERALR




MEEXEZREBEZERS

F R AER REAE

& F: ¥l H&HIE THAL
RAER TXA

BITRE: B84k




&

%s

kA FREARRER™RNAEFFRRBEZ—, 20 g 90 FAFHLIK,
X— [ B —H R, He 1999~2001 iy T EEBEL T 675 #H X &\ R
40% . ¥ 54 (1999~2003 ) TRFERRENHERLEFALRKEFTRY
60% A b, ET 10 EFHERT 10 MESF K. BHEAANRILT TRUERER
MERKERAE, BUEAREERY (REMRATRRM. BEER) #
WAKMSLFEm, #MELSENEN M REERXRERBREEZE LHE
NRE

EERAEHEARY (EREAEMARRBRAY) “REEFHREREM
b FREABEFMPFFI (G1999043400)” MEB T, KA FEB¥EKRE XH
R HEBAXRER., PRARLBZERMTPEIRRAFTATRAHALTE
frE KA WA B FFFR NS X EZ ALy T RGBS, & v P45 Fo Xt 5%
HELRNEATR, BE “TREAHRRARNE QA" KHXBHERE,
DAMAELREHELNER, BRASERXINNERSN . EERKH TN L
RAFMERR T %, EXHREK, £, K. EHRPEFFERLS AR
8, BreRHBRUR ARG TREAEMOIEMILE, ZHEMEAR
FRABZFTRNMERIPENERMTE, URAAFTFARES, ENMER
BT RepplERi,

5%k, HARRBESU EX@RERE, ELH/IEEMRE,. LBE
A, BEAOLEMTESIT. EFRENNAWUER . BERDE, EETR
B EFFRETRAKHRERSE, HARTRAHZRAE M Rl HE 7
BHRTEENARTR,; RERIHTRFTERANAR, BN SKRERXT T
BicwrIem; RRTXEBMRAEERELFNATHEHNE, ATEL
BEFMAMEFAREINBURBRET TR REMT T LBAAKEERERN
RESTRUAMXR, BT TREMAK, L. REWFERDSEE, HIREK
50 M T RALEMME TRAEWM, AU THELNAN; REHMTRT LT AR
HA R GEXT T R A0 Y 8 LA E B BRI L B MR BT (RFEHEKR, MEEME
BRE=ZABK) FRE THPLAGERIXH; FRT ARN T RMH FEH
W, FEBURRMESIEXORE. A%, BETEHAEERE, 45
RTERBWBIAMLE. TREARRBERERTN ., 568w PR AE R
BHTTHERR EMBEREHERFE, BB THBHER,



WEHAT SR, BHARBRBT -HEENHRER, EEANTET
EXEWH, RETREA¥FREERERBAHATABRRER A, HTHEP
BEMTHRATEHOARRR, TEEREAHBTXELRIXE:

B PEIFTEANHRIERNREFE

F_f: b TRANBEI T MBNUR

F=K: XEFEREEREKXNER RN AR

S b FRAXNRL., KERNARESRELWHBIA

BHE: AEMEF TRANEFEL—RY. BB MLEHA

(ERESEMIREBAR) TEH (G1999043400)
BREEFERERENE A FELABRTANHAR

FEHERRER FER RiEE
2004 4£ 9 A 15 H



FER (ERESEMPIRERAN) “REEFFHEEEMILS TREAHB
FBWHR” TEHEXENENE. ERPRRTAMEEARED S TEL
HEXRURREI T RBEBTREXN T R0 89w 0L E 5 'R AR.
ARIBAFREX 25K, EEEHETUTILBIBFFRAR:

(1) 3E S0 4L TR AT REMEX L AA, AKBTREMAKF AR EMLRT
i, RRTRAXRNZEREFRIIR WEEB . 6

(2) RELF TR AATREXRBAERRGEX T R LA B 558 D HLH ;

(3) KB T HERERRESEXSBREHN;

(4) L F X EFRGEX T R BER X RS MAESTRERRT

NP A S E A
2004 4£ 10 A 10 A



B *x

.
WE
Macroscale Hydrological Modeling over the Huaihe River Basin «-+--
‘ - HAO Zhenchun, SU Fengge and XIE Zhenghui (1)
Impacts of Human Activity on River Runoff in the Northern Area of China «-*- -+
- REN Liliang, WANG Meirong, LI Chunhong et al. (11)
Future Climate Change, the Agricultural Water Cycle, and Agricultural Production
in China  «==-==-* TAO Fulu, YOKOZAWA Masayuki, HAYASHI Yousay et al. (26)
Changes in Agricultural Water Demands and Soil Moisture in China over the Last Half-
Century and Their Effects on Agricultural Production +««wrseseseeres
+ TAO Fulu, YOKOZAWA Masayuki, HAYASHI Yousay et al. (42)
Land Use Pattern Adjustment under Ecological Security — Look for Secure Land Use
Pattern in China -+ ++++ss++=essees« SHJ Peijun, YUAN Yi, HE Chunyang et al. (56)
Change of Water Vapor Exchange Properties of 3 Tree Species under Drought «=:«:===- =2+
-+ CHEN Xiongwen (76)
Multi-Scale Ecological Adaptation of a Young Mixed Broadleaved and Coniferous Korean
Pine Forest Community to Drought
- CHEN Xiongwen , ZHOU Guangsheng and LI Bailian (89)
Modeling the Effects of Global Climatic Change at the Ecotone of Boreal Larch Forest
and Temperate Forest in Northeast China <++*++=+=++sssseeseesess. CHEN Xiongwen (102)
Responses of the Seedlings of Five Dominant Tree Species in Changbai Mountain to Soil
Water Stress «+++-+ereeseecescsseess DAT Limin, LI Qiurong, WANG Miao et al. (117)
Responses of Grassland Ecosystems to Precipitation and Land Use along the Northeast
China Transect *=--+-* ZHOU Guangsheng, WANG Yuhui and WANG Shuping (126)
Carbon Balance along the Northeast China Transect (NECT-IGBP) ------+--
seseeo ZHOU Guangsheng, WANG Yuhui, JIANG Yanling et al. (137)
Estimating Biomass and Net Primary Production from Forest Inventory Data: a Case
Study of China’ s Larix Forests
- ZHOU Guangsheng, WANG Yuhui, JIANG Yanling et al. (148)
iE 20 FEHEIE 13 BB BB SWSHBER e FXA fTEkM £EFE (159)
BA PR S B EBREIT e ZHE EZH EHH(169)



L RIS K E B Y B BITBIM -ovvevvevrreseeennnnnnns SR #h il i4 (174)
ﬁmﬁﬁﬁﬁﬁﬂﬁwﬂﬁmm%'mmmmmmmmm"ﬁﬂﬁ A LR 4k (183)
TR EXT R VERMBE R A RE WP - E & RAR E£E93)

iﬁ*ﬁ&ﬁﬁ&ﬁ&ﬁﬁﬁf%IEN%W#EEE*%E%%W SR
: £ & ARAR £ZE(203)
EG%%#?WMW#%%i%?E%LWV%E%H% s
- - HEE FAF BSESF (210)

%M?ﬁ%ﬁ%ﬁ%ﬂiﬁﬁ?%%L%iﬂ%f ------------ A H BAF FHE(216)
B CO, WeE T REN HMT BB ARIWRL ovevveeerereeees FEEL F B (223)
iﬁﬁﬂkﬁﬁﬁ*ﬁ%ﬁ%ﬁﬁﬂﬁmmmmmmmﬁfﬂ ExE FHEALE (228)

FEM S ERERBERD - srenesanee C EERHE MARL AR (231)
Kﬂﬁ?ﬁﬁkﬁﬁiﬁ%ﬁﬁ%ﬂ%iﬂ@%%%m sremereeeeenennenes

- ERE BB RAHE (240)
%%?Uﬂﬁ%ﬁﬁﬁG%WE%#THiﬁ?E%L%%V-" A IAF(249)



Macroscale Hydrological Modeling over the Huaihe River Basin 1

Macroscale Hydrological Modeling over the Huaihe River Basin’

HAO Zhenchun'"", SU Fengge’ and XIE Zhenghui®

1) Water Resources Development & Utilization Lab., Hohai University, Nanjing 210098
2) Institute of Atmosphere Physics, Chinese Academy of Sciences, Beijing 100029

Abstract

The Xin’ anjiang Model is used as the basic model to develop a monthly grid-based macroscale
hydrological model for the assessment of the effects of climate change on water resources. The monthly
discharge from 1953 through 1985 in the Huaihe River Basin is simulated and sensitivity analysis on runoff
is made under assumed climatic scenarios. There is a good agreement between the observed and simulated
runoff. Due to the increase of time interval and decrease of precipitation intensity on monthly time scale, no
monthly runoff appears in some girdded cells as the monthly hydrological model is applied to the Huaihe
River Basin. Two methods of downscaling monthly precipitation to daily resolution are validated by running
the Xin’ anjiang model at a daily time step from the monthly data, and the model outputs are more accurate
than the monthly hydrological model. The methods of downscaling of monthly precipitation to daily
resolution may provide an idea in solving the problem of the shortage of daily data. In the research of the
climate change on water resources, the daily hydrological model can be used instead of the monthly one.

Key words: macroscale hydrological model, Xin’anjiang model, Huaihe River Basin, downscale
1 Introduction

The study of macroscale hydrologic modeling has been inspired by two requirements. One is
to improve the capability of prediction for climate change and its effects on water resources and
water related aspects. The other is to improve the understanding of hydrologic processes in global
water and energy cycle. Increased concentration of greenhouse gases is expected to alter the
radiative balance of atmosphere, causing increases in temperature and changes in precipitation
patterns and other climatic variables (Houghton et al. 1990). It is very important for water
resource managers to be aware of and prepared to deal with the effects of climate change on
streamflow and related variables. It is demonstrated in the study of General Circulation Models
(GCM) that land surface processes have a great deal to do with the climate. Hydrological
processes, as a significant component of land surface processes, interact with the climate, i.e.
being subject to the climate as well as giving feedback to the climate. The coupling of hydrological
model with the atmospheric model would improve the description of land surface processes, and
increase the prediction accuracy resulting from the climatic model as well.

Traditionally, The hydrological models are categorized into the statistical, the physically-
based, and the conceptual. The physical model aims at describing the physical processes but
limited in practical use due to the shortage of detailed data. While the conceptual model may have
a more empirical approach based on variability parameters with only limited relationships between

+ This work was jointly supported by National Key Basic Research Development Program No.G1999043400,
National Natural Science Foundation of China (49794030), and Chinese Academy of Sciences under Grant
“Hundred Talents” for “Interations between climate and vegetation” .

«» Corresponding author’s address: Prof. HAO Zhenchun Tel:025 — 3787154, E-mail: hzcun@jlonline. com
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model parameters and the conditions in the basin. Hence, the conceptual model is more
appropriate for applications at larger scales (Becker 1992 ). Today, numerous conceptual
hydrological models based on water balance have been developed for simulating patterns of
streamflow over large basins for resource estimation purposes, e.g., HBV model ( Vehvilainen
and Huutunen 1997), SLURP model (Kite 1997b) ,and Macro-PDM model (Arnell 1999)

The VIC mode! has been developed in a series of articles (Wood et al., 1992; Liang et al.,
1994). The initial motivation for the development of the model was to improve the representation
of land surface processes within atmospheric models, more recently the model has been used to
simulate continental-scale river basin dynamics (Abdulla et al., 1996; Nijssen et al., 1997).

The Xin’ anjiang Model (Zhao 1992) is proved to be an effective conceptual model. It is
developed on the basis of numerous practical work of storm-flood forecasting and successfully
applied both at home and abroad. It considers some non-uniformity of distribution of rainfall and
underlying conditions and has some features of distributed model. The feature of the Xin’ anjiang
Model structure provides a parameterization scheme for lumping, which more recently is
considered as a simple and effective spatial parameterization method for use in the macroscale
hydrological modeling (Wood 1992; Todini 1992).

In this article, the Xin’ anjiang Model is used as the basic model to develop a grid-based
macroscale hydrological model for the purpose of exploring the sensitivity of water resources to
climate change. The watershed chosen for analysis is the Huaihe River Basin in China. This
article firstly discusses some issues related to the grid-based hydrological model: (1) precipitation
interpolation; (2 ) parameter estimation in the grid cell; (3) modification of evaporation
estimation. It then describes the application of the Xin’ anjiang monthly-distributed hydrological
model in the Huaihe River Basin. Due to the increase of time interval and decrease of precipitation
intensity within a month, no monthly runoff in some gridded cells appears as the Xin’ anjiang
monthly model is applied to the Huaihe River Basin. In the following section, the Xin’ anjiang
model is run at a daily time step from monthly data, and the model output is at a monthly
interval. Two methods of downscaling of monthly precipitation to daily resolution are considered
and the model results are compared. The final part of the article gives primary conclusions and

discussions.
2 Grid-based Hydrological Model
2.1 Precipitation Interpolation

The Xin' anjiang Model is used as the basic model to develop the grid-based distributed
hydrological model. The model structure may be regarded as being independent of the size and
shape of computational units, and can be directly applied to the grid-based computation. That’s
to say, the attention is not paid to the model structure, but to the computational programming
and some related techniques for the hydrological parameters and variables to be handled.

The values of precipitation in each grid cell can be interpolated by the following methods:

* Minimum distance method, i.e. the value observed at the nearest rain gauge station is
taken as the mean value of a grid.

+ Linear interpolation weighted by the distance between a rain gauge station and a grid cell to
be studied.
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As regards evaporation, the minimum distance method is used for interpolation.
2.2 Parameter Estimation in the Grid Cell

Model calibration is another important issue in the distributed hydrologic modeling. Usually
the parameters of hydrological model are calibrated through measured data. The accuracy of the
model calibration is dependent on errors in observations. The model could be over-parameterized
during the model calibration to fit the simulated results to observed data (Yu, 1999). There'is a
high degree of uncertain in estimating the average values of various hydrologic parameters for each
grid cell (Yu, 1999). On the other hand, the case without ganged data must be involved in
macro-scale hydrological modelling. So an attempt should be made to establish the quantitative
relationship between the parameters and land surface characteristics, and to seek for the
geographical distribution of the parameters.

W, , tension water capacity, is a parameter controlling runoff generation in the Xin’ anjiang
model. It is one of the most sensitive parameters in the monthly and daily hydrological model,
and plays a control role in the estimation of generated runoff and actual evapotranapiration. A
good relationship exists between W,, and the drought index (a), which is defined as the ratio of
the annual mean potential evaporation to the annual mean precipitation. The relationship can be
quantitatively expressed as the following formula: .

W,=AXa (1)
where A is a coefficient. The analysis from real data has shown that the value of A is about 160
mm in the Huaihe River Basin.

All the other parameters in the Xin’ anjiang Model have their definite physical meanings, and
may be estimated on the basin basis of physiographical characteristics with the development of
information technology.

2.2 Evaporation Estimation

The potential evaporation could not be measured. The traditional method to solve the
problem in the hydrological model is by means of the conversion of pan-based observation data.
The values of the potential evaporation are mainly distributed with the climatic conditions, such as
temperature and moisture, which especially reflect in the aspects of elevation and latitude. There
will not be pan-based evaporation data when studying the effects of future climate change on water
resources. Thus, an evaporation estimation model should be re-built instead of pan-based data in
the Xin’ anjiang grid-based hydrological model. A feasible way to do that is to utilize parts of
meteorological elements, such as precipitation, air temperature, wind velocity, air pressure,
radiation, etc., which could be predicted by GCM.

There are various kinds of empirical and physical models to estimate the potential
evaporation. The empirical is easily used but short of physical mechanism. The physical one is
usually applied only to the small scale of pilot area because of the lack of real data. In this study,
the empirical approach is adopted due to its simplicity. The fundamental factors to determin the
potential evaporation are the energy that comes from solar radiation. Generally speaking, the
value of monthly evaporation is directly proportional to the value of monthly mean air
temperature. So, temperature is considered as the main factor in the establishment of empirical
evaporation formula. In the study of monthly hydrological model, a potential evaporation formula
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is established.
E=AXT+B (2)

" where E is monthly potential evaporation; T refers to monthly mean air temperature.
3 Application of the Xin’ anjiang Monthly Hydrological Model

Monthly hydrological model is considered to be a useful and indispensable tool in assessing
climate change on water resources over a large geographic domain (e.g., Gleick, 1986; Arnell,
1992 ; Mohseni and Stefan, 1998). In this study, the Xin’ anjiang monthly hydrological model
(Lu 1993) is used as the basic model to develop a grid-based hydrological model. The Huaihe
River Basin with the area of 270000 km? is selected as the research area. A 30 km X 30 km
squared-grid is adopted and combined with drainage network. There are totally 341 grid cells.
The inputs to the model are P, the measured monthly mean rainfall depth on sub-basins, and E,
the measured evaporation in the same time step and unit as P. The outputs are the monthly
discharge from each sub-basin and from the whole basin, and the actual evapotranspiration from
the whole basin. The state variables are the tension water storage, the free water storage, and
generated runoff. The data series for calibration and validation comprise 33 years (1953 — 1985)
monthly hydrological data from the whole Huaihe River Basin, including observed precipitation,
air temperature, and streamflow. The three types of data come from 210 precipitation stations,
29 evaporation stations, and 36 streamflow control stations respectively. So the model is run at a
monthly time step.

In order to verify the grid-based monthly hydrological model, the Huaihe River Basin is
partitioned into 17 sub-areas, in which 15 sub-areas have monthly-observed discharge data. As
regards two ungauged sub-areas, the model parameters are transplanted from the gauged sub-
areas. The model is run in two different situations:

A. Calibrated parameters are directly used in grid-based hydrological model, and values
observed by evaporation pan are taken as potential evaporation;

B. Tension Water Capacity, W, , the runoff generation parameter in the Xin’ anjiang
Model, is estimated from formula (1), and potential evaporation is estimated from formula (1).

The model results in the two situations are shown in Table 1. Results indicate that the model
efficiency is greatly improved when temperature is used to estimate evaporation. The results of
scheme B also show that the monthly hydrological model perform a better model efficiency with
over 0.75 out of 15 sub-catchments. The reasons that the model efficiency of the other
catchments is correspondingly lower may be related with the representation of inputs and human
activities.

Table 1. Annual runoff results from the monthly grid-based hydrological model (unit: mm)

Sub-area Control Observed Scheme A Scheme B

number station discharge Calculated Efficiency Calculated Efficiency
1 Xixian 382.5 382.47 0.868 382.54 0.8768
2 Bantai 249.59 249.67 - 0.8198 249.71 0.8504
3 Luohe 212.38 211.04 0.8045 212.69 0.8515
4 Zhoukou 148.69 148.96 0.814 148.84 0.8680
5 Boxian 87.72 87.88 0.4197 87.17 0.6653
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(continued)
Sub-area Control Observed Scheme A Scheme B
number station discharge Calculated Efficiency Calculated Efficiency
6 Jiangjiaji 386.93 386.35 0.7896 386.97 0.8438
7 Hengpaitou 791.81 791.41 0.6071 791.64 0.6632
8 Fuyang 159.53 159.89 0.7828 159 0.8525
9 Wangjiaba 300.1 300.63 0.7813 300.01 0.8007
10 Lutaizi 251.71 254.85 0.7496 251.24 0.7621
11 Bengbu 238.01 237.65 0.6361 238.09 0.6504
12 Minguang 175.07 179.3 0.493 182.74 0.6016
13 Guzhen 115.96 115.38 0.7162 115.73 0.7758
14 Linyi 233.57 232.2 0.8347 233.68 0.8471
15 Daguanzhang 243.93 231.22 0.7487 243.75 0.7894
16 Hongze Lake 0 214.87 0 220.91 0
17 Plain area 0 196.23 0 158.24 0
Average 0.724 0.780

The observed and simulated average monthly discharge in the year from 1953 to 1985 at

Lutaizi with the control area of 91620 km? is shown in Fig.1. There is a good agreement between

the observed and simulated values.
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Month

Observed and simulated average monthly discharge in the year from 1953 to 1985 at Lutaizi with the

Based on the above monthly distributed hydrological model, sensitive analysis on runoff in

the Huaihe River Basin are performed under assumed climatic scenarios, e.g. a change in
temperature of —2, —1, 0, 1, 2 combined with —20%, —~10%, 0, 10%, 20% changes in
precipitation. Giving an example of the prediction, Table 2 lists the results of modeling that was
performed according to the assumed climate scenarios.

Table 2. Relative changes of mean annual runoff estimated by the monthly hydrologic model of the Huaihe River
Basin upstream of Bengbu responding to climatic changes (%)
Temperature -2°C 1°C 0°C 1°C 2°C
Precipitation
-20% -33.2 —40 —46.4 -52.1 ~57.2
-10% -9.2 -16.9 -23.9 —-30.6 -36.7
0 16.1 7.8 0 -7.3 -14.3
10% 42.3 33.6 25.2 -17.2 9.7
20% 69.1 60.0 51.2 42.8 34.7




6 b7 TR RL KBERMARESRENEH

4 Application of Precipitation Downscaling Methods

4.1 Problems in the Xin’ anjiang monthly hydrological model

In section 2 and section 3, the Xin’anjiang Model was used as the basic model to develop a
monthly grid-based macroscale hydrological model. And the monthly discharge of the 17 sub-
basins in the Huaihe River Basin from 1953 through 1985 was simulated. Though most of the
simulated results fitted well to the observed data, some problems exist in the monthly hydrological
model.

The error mainly happened in the runoff production because of the monthly time step.
According to the assumptions in the Xin’ anjiang model, only when P — E >0, could the runoff
be calculated, where P is precipitation; E is potential evaporation; P — E is effective rainfall.
For example, there is a month only having one rainy day: the magnitude of rainfall is 50mm; the
monthly potential evaporation is 300 mm; then the even daily potential evaporation is 10 mm.
When the model is run at a daily time step, the effective rainfall is 40 mm(50 —10=40>0).
Then the runoff can be calculated. But if the model is run at a monthly time step, P — E =50 —
300<0. Then no runoff is simulated. Obviously, this is unrealistic. The increasing of the time
step reduces the accuracy of the representation of sub-daily processes. So in the application of the
monthly hydrological model to the Huaihe River Basin, the monthly runoff of some grid cells
appeared unrealistic zero. Fig.2 shows the gridded precipitation in Huaihe River Basin in October
1953, and Fig.3 the gridded runoff simulated by the monthly hydrological model at the same
time. It can be seen that there is not calculated runoff in the most grid cells while precipitation
existing.

23
82(62| 80| 73
17( 21| 25)32|32| 72|54} 73| 73| 75
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Fig.2. Distribution of precipitation (mm) in the Huaihe River Basin in October 1953

The best way to solve the above problem is to run the model at a daily time step with daily
input. Unfortunately, in most cases, only monthly-observed average data is available. In this
study, the Xin’anjiang model is run at a daily time step from monthly data, and the model output
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Fig.3. Distribution of the simulated runoff by the monthly hydrological model in the Huaihe River Basin in
October 1953
is at a monthly resolution. Two methods of downscaling of monthly precipitation to daily
resolution are considered and the model results are compared.

4.2 Data and Methods

The monthly precipitation data for 33 years (1953 — 1985) from 210 rainfall stations, and
daily precipitation data for 6 years (1980 — 1985) from 430 rainfall stations upstream of Bengbu in
the Huaihe River Basin are used.

The first downscaling method is a simple stochastic method, where the rainfall on rainy days
is set to be equal to the average daily intensity in a month and there is no variability in rainfall
amounts between rainy days. The magnitude of rainfall on rainy days can be expressed as the
following formula;

PP(I) = P/P,(I1 = 1,2, ++, Py) (3)
where PP (I) is the magnitude of rainfall on rainy days; P is the monthly precipitation; P, is the
number of rainy days in a month.

The number of rainy days in any month is estimated using an empirical relationship developed
from rainfall data in the Huaihe River Basin. The relationship can be quantitatively expressed as
the following formula:

P; = 2DN(J)/nArctg( AP + B) (4)
where P is the magnitude of rainfall in a month; DN (J) is the number of days in any month (J
=1,2,++,12); A and B are coefficient, which can be obtained from the analysis of the real daily
rainfall data.

The second method stochastically generates the magnitude of rainfall on the rainy days from
an exponential distribution:

F(z) = ae™® (5)
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where z is the magnitude of rainfall on rainy days; aand 8 are coefficient. So the rainfall amount
on rainy days can be expressed as the formula:

z; = FY(u;) =—ag In(u;) + B (6)
where F ™! is the inverse function of F; u; is uniform [0,1] random number; e, and B; are
coefficient .

In both methods, the generated monthly sum is constrained to be equal to the monthly
rainfall. And the probability of rain on any day is considered to be equal. So the generated daily
precipitation is distributed at random through a month.

4.3 Application in the Hydrological Model

The research area is upstream of Bengbu in the Huaihe River Basin with the area of 121330
km?. The model spatial resolution is still 30 km X 30 km. There are totally 153 grid cells. The
inputs to the model are monthly precipitation P and monthly evaporation E. The model outputs
are accumulated to monthly discharge. Research area is divided into 11 sub-areas. Thirty-three
years (1953 —1985) of monthly-observed precipitation, evaporation and discharge are available.

The Xin’anjiang model is run in three situations:

A. Model is run at a monthly time step with observed monthly input;

B. Using uniform method to generate daily precipitation from monthly data, then the model
is run at a daily time step;

C. Using exponential distribution method to generate daily precipitation from monthly data,
then the model is run at the daily time step.

Model output is at a monthly resolution in all the situations (table 3).

It can be seen from the table 3 that the average model efficiency of scheme A, B and C is 0.8019,
0.8649, and 0.8708 respectively. When the Xin’ anjiang model is run at a daily time step from the
monthly data, the model results are more accurate than the monthly hydrological model. The results of
the exponential distribution method are some better than the uniform one comparatively. In both
methods, the probability of rain on any day is considered to be equal. So the generated daily precipitation
is distributed at random through a month. The estimation of runoff will change with the changing of
precipitation distribution. So in the future study, the generated daily precipitation should be distributed
more reasonable based on the analysis of real data.

Table 3. Model results in different situations

. Efficiency Efficiency Efficiency
Sub-area Station (A) (B) ©)

1 Xixian 0.8768 0.9244 0.9173
2 Bantai 0.8504 0.8536 0.8764
3 Luoche 0.8515 0.8386 0.8307
4 Zhoukou 0.8680 0.8404 0.8477
6 Jiangjiaji 0.8438 0.8682 0.8698
7 Hengpaitou 0.6632 0.842 0.84
8 Fuyang 0.8525 0.7842 0.8157
9 ‘Wangjiaba 0.8007 0.8632 0.87
10 Lutaizi 0.7621 - 0.9245 0.9273
11 Bengbu 0.6504 0.9095 0.9127

Average 0.8019 0.8649 0.8708
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Fig.4. Distribution of the simulated runoff in the Huaihe River Basin in October 1953 with the inputs of the
downscaled precipitation data
Fig.4 shows the distribution of the simulated runoff with the inputs of the downscaled
precipitation data (exponential distribution downscaling method) in the Huaihe River Basin in
October 1953 corresponding to Fig.1. It can be seen that the runoff is calculated in the most grid
cells while running the daily hydrological mode] by the use of the downscaling method.

5 Conclusion and Discussion

The Xin’ anjiang Model is used as the basic model to develop a monthly grid-based macroscale
hydrological model for the assessment of the effects of climate change on water resources. The
monthly discharge from 1953 through 1985 in the Huaihe River Basin is simulated and sensitivity
analysis on runoff is made under assumed climatic scenarios. There is a good agreement between
the observed and simulated values.

Due to the increase of time interval and decrease of precipitation intensity within a month, no
monthly runoff appears in some girdded cells as the monthly hydrological model is applied to the
Huaihe River Basin. Two methods of downscaling monthly precipitation to daily resolution are
validated by running the Xin’anjiang model at a daily time step from the monthly data, and the
model outputs are more accurate than the monthly hydrological model. The methods of
downscaling of monthly precipitation to daily resolution may provide an idea in solving the
problem of the shortage of daily data. In the research of the climate change on water resources,
the daily hydrological model can be used instead of the monthly one.

Some primary work has been done in this study in order to answer question concerning the
effects of possible climate change on water resources. In spite of the relative success of conceptual
macroscale hydrological modeling in use for climate impact studies, its final value in coupled
continental scale land-atmosphere modeling is still unclear, due to the lack of energy balance
components and without further considerations in vegetation in the conceptual model. Full
coupling of hydrological models and climate models requires that both the water balance and the



