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Modelling Evolution



Importance of Meteorological Input to Model Output

Bad eggs(Input)

Good eggs

Factory (Model)

(Input)

Quality cake (Output)Inferior cake (Output)



Humidity Recycling

Effects of Climate Change on Soil Moisture 

Impact of Climate on Land Use Change

Regional climate
Heterogeneity

Differential Heating

Foehn Effect

Meteorology and Topography

(Shukla and Mintz, 1982)Precipitation Contours (mm/day)

Wind

Divergence

Convergence

(Taylor et al, 2006)
(Koster et al, 2006)

Jiang et al., 2009

Seasonal Climate 

and Vegetation 

Change
Frozen Rain under Climate Change

Gutzler & Preston (1997)

Observations

Interactive vegetation

+ groundwater 

Potential Evaporation No Evaporation

Global scale                                              Regional scale 

Local climate

Urban Heat Island

Werth & Avissar  (2002) Weaver & Avissar  (2002)

Shuttleworth (2011)

Importance of Meteorological Input to Model Output



Meteorological plays a decisive role in model accuracy
Meng,X.Y.,Wang, H.; Shi, C.; Wu, Y.(2018) Water 10,1555. Meng,X.Y.,Wang, H.(2017) Scientific Reports. 7, 13286. doi:10.1038/s41598-017-10665-8. Meng,X.Y.,Wang, H.

(2017) Water. 9, (10),765. doi:10.3390/w9100765.Teuling, A.J., Seneviratne, S.I., Williams, C. and Troch, P.A. (2006) Geophys. Res. Lett. 33. L23403.

doi:10.1029/2006GL028178. Meng,X.Y.,Dan, L.Y. & Liu, Z.-H. (2015) J. Mt. Sci. 12(2), 368-381.Meng,X.Y.,Wang,H.,Lei,X.H.,Cai,S.Y.,Wu,H.J.(2017)Teh. Vjesn. 24,(2),525-

534.doi: 10.17559/TV-20170108133334.Tucker, D.F. and Crook, N.A. (1999) Mon. Weather Rev. 127, 1259-1273. Ueda, H. and Yasunari, T. (1998) J. Meteorological

Society of Japan 76, 1-12. Weaver, C.P., and Avissar, R. (2001) Bull. Amer. Meteor. Soc. 82, 269–281. Werth, D., and Avissar, R. (2002) J. Geophys. Res. 107, D20, 8087,

doi:10.1029/2001JD000717.N. (2006)，Avissar, R., and Liu, Y.Q. (1996) J. Geophys. Res. 101(D3), 7499-7518. Barnett, T.P., Adams, J.C., and Lettenmaier, D.P. (2005)

Nature 438(17), 303-309. Bastable, H.G., Shuttleworth, W.J., Dallarosa, R.L.G., Fisch, G. and Nobre, C.A. (1993) Int. J. Clim. 13, 783–796. Baumgartner, A. and Reichel, E.

(1975) The World Water Balance. Elsevier, Amsterdam. 179 pp. Beljaars, A.C.M., Viterbo, P., Miller, M.J., and Betts, A.K. (1996) Mon. Weather Rev. 124(3), 362-383. Betts,

A.K., Ball, J.H., Beljaars, A.C.M., Miller, M.J. and Viterbo, P. (1996) J. Geophys. Res. 101(D3), 7209-7225. Betts A.K., Viterbo, P., Beljaars, A.C.M., Pan, H-L., Hong, S-Y.,

Goulden, M.L. and Wofsy, S.C. (1998) J. Geophys. Res. 103(D18), 23079-23085. Bosilovich, M.G., Schubert, S.D, and Walker, G. (2005) J. Clim. 18, 1591-1608. Bowling,

L.C., Lettenmaier, D.P., Nijssen, B., Graham, P.L., Clark, D., Maayar, M.E., Essery, R., Goers, S., Habets, F., van der Hurk, B., Jin, J., Kahan, D., Lohmann, D., Mahanama,

S., Mocko, D., Nasonova, O., Niu, G.-Y., Samuelsson, P., Shmakin, A.B., Takata, K., Verseghy, D., Viterbo, P., Ma, X., Xue, Y. and Yang, Z.-L. (2003) Global and Planet.

Change 38, 1-30. Brown, D.P. and Comrie, A.C. (2002) Climate Res. 22, 115–128. Brubaker, K.L., Entekhabi, D. and Eagleson, P.S. (1993). .J Clim. 6, 1077–1089. Costa,

M.H. and Foley, J.S. (1999) J. Hydrometeorol. 7, 298-304. Findell, K.L. and Eltahir, E.A. (1997) Water Resour. Res. 33, 725–735. Gochis, D.J., Jimenez, A., Watts, C.J.,

Garatuza-Payan, J. and Shuttleworth, W.J. (2004) Mon. Weather Rev. 132, 2938–2953. Smirnova, T.G., Wetzel, P., Xue, Y., Yang, Z.-L. and Zeng, Q.-C. (2003) J.

Hydrometeorol. 4, 334-351. Makarieva, A.M. and Gorshkov, V.G. (2007) Hydrol. Earth Syst. Sci. 11, 1013–1033 Matsui, T., Lakshmi, V. and Small, E.E. (2005) The

Millennium Ecosystem Assessment report. Available at: http://www.millenniumassessment.org/en/Index.aspx. Narisma, G.T. and Pitman, A.J. (2003). Hydrometeorol. 4(2),

Gopalakrishnan, S.G., Roy, S.B. and Avissar, R. (2000) J. Atmos. Sci. 57, 334–351. Gutzler, D. and Preston, J. (1997) Geophys. Res. Lett. 24, 2207–2210. Higgins, W. and

Gochis, D. (2007) 20, 1601-1607. IPCC (2007) available at http://www.ipcc.ch. Jiang, X., Niu, G.-Y. and Yang, Z.-L. (2009) J. Geophys. Res. 114, D06109,

doi:10.1029/2008JD010756. Johnson, G., Daly C., Hanson, C.L., Lu, Y.Y. and Taylor, G.H. (2000) J. Appl. Meteorol. 39, 778-796. Kerr, Y., Waldteufel, P., Wigneron, J.-P.,

Martinuzzi, J.-M., Font, J. and Berger, M. (2001) IEEE Trans. Geosci. Remote Sens. 39, 1729–1736. Korzun, V.I. (1978) Studies and Reports in Hydrology 25. UNESCO,

Paris. Koster, R.D., Guo, Z., Dirmeyer, P.A., Bonan, G., Chan, E., Cox, P.M., Davies, H., Gordon, C.T., Kanae, S., Kowalczyk, E., Lawrence, D., Liu, P., Lu, C.-H., Malyshev,

S., McAvaney, B., Mitchell, K., Mocko, D., Oki, T., Oleson, K .W., Pitman, A., Sud, Y.C., Taylor, C.M., Verseghy, D., Vasic, R., Xue, Y. and Yamada, T. (2006) J.

Hydrometeorol. 7(4), 590–610. Liu, Y., Weaver, C.P. and Avissar, R. (1999) J. Geophys. Res. 104(D16), 19515-19533. doi:10.1029/1999JD900361 Daly, C., Halbleib, M.,

Smith, J.I., Gibson, W.P., Doggett, M.K., Taylor, G.H., Curtis, J., and Pasteris, P.A. (2008) nnt. J. Clim. 28, 2031-2064. Dickinson, R.E., Henderson-Sellers, A., Kennedy, P.J.

and Wilson, M.F. (1986) NCAR Tech. Note, TN-275+STR, 72 pp. Dickinson, R.E., Shaikh, M., Bryant, R. and Graumlich, L. (1998) J. Clim. 28, 2823-2836. Dominguez, F.

and Kumar, P. (2008) J. Clim. 21, 5165–5186. Dominguez, F., Kumar, P. and Vivoni, E.R. (2008) J. Clim. 21, 5187–5203. Eltahir, E.A.B. and Bras, L. (1996) Precipitation

recycling. Rev. Geophys. 34(3), 367-378. Entekhabi, D., Njoku, E., O’Neill, P., Kellogg, K., Crow, W., Edelstein, W., Entin, J., Goodman, S., Jackson, T., Johnson, J., Kimball,

J., Piepmeier, J., Koster, R., McDonald, K., Moghaddam, M., Moran, S., Reichle, R., Shi, J.C., Spencer, M., Thurman, S., Tsang, L. and Van Zyl, J. (2010). Proc. IEEE 98(5).

Etchevers, P., Martin, E., Brown, R., Fierz, C., Lejeune, Y., Bazile, E., Boone, A., Dai, Y., Essery, R., Fernandez, A., Gusev, Y., Jordan, R., Koren, V., Kowalcyzk, E.,

Nasonova, N.O., Pyles, R.D., Schlosser, A., Shmakin, A.B., Smirnova, T.G., Strasser, U., Verseghy, D., Yamazaki, T. and Yang, Z.-L. (2004) Ann. Glaciol. 38, 150-158.

Fassnacht, S.R., Yang, Z.-L., Snelgrove, K.R., Soulis, E.D. and Kouwen, Shuttleworth, W.J., Zreda, M., Zeng, X., Zweck, C., and Ferre, P.A. (2010) Proceedings of the British

Hydrological Society's Third International Symposium: Newcastle University, 19-23 July 2010. ISBN: 1 903741 17 3. Taylor, C.M., Parker, D.J. and Harris, P.P. (2007)

Geophys. Res. Lett. 34, L15801, doi:10.1029/2007GL030572. Maayar, M.E., Essery, R., Goers, S., Habets, F., van der Hurk, B., Jin, J., Kahan, D., Lohmann, D., Mahanama,

S., Mocko, D., Nasonova, O., Niu, G.-Y., Samuelsson, P., Shmakin, A.B., Takata, K., Verseghy, D., Viterbo, P., Ma, X., Xia, Y., Xue, Y. and Yang, Z.-L. (2003) Global Planet.

Change 38, 31-53. Niu, G.-Y. and Yang, Z.-L. (2004) J. Geophys. Res. 109, D23111, doi:10.1029/2004JD004884. Niu, G.-Y. and Yang, Z.-L. (2006) J. Hydrometeorol. 7(5),

937-952. Niu, G.-Y. and Yang, Z.-L. (2007). Geophys. Res. 112, D21101, doi:10.1029/2007JD008674. Oki, T. and Kanae, S. (2006) Science 313(5790), 1068 - 1072. Salati,

E., Dall'Olio, A., Matsui, E. and Gat, J.R. (1979) Water Resour. Res. 15(5), 1250–1258. Sellers, P.J., Mintz, Y., Sud, Y.C. and Dalcher, A. (1986) J. Atmos. Sci. 43, 505-531.

Sellers, P.J., Randall, D.A., Collatz, C.J., Berry, J.A., Field, C.B., Dazlich, D.A., Zhang, C., Collelo, G. and Bounoua, L. (1996) J. Clim. 9, 676-705. Shukla, J. and Mintz, Y.

(1982) Science 215(4539), 1498-1501. Shuttleworth, W.J. (2006) Trans. ASABE 49(4), 925-935. Shuttleworth, W.J. and Wallace, J.S. (2010) Trans. ASABE 52(6),1895-

1906.Nijssen, B., Bowling, L.C., Lettenmaier, D.P., Clark, D., http://www.millenniumassessment.org/en/Index.aspx. . Luo, L., Robock, A., Vinnikov, K.Y., Schlosser, C.A.,

Slater, A.G., Boone, A., Braden, H., Cox, P., de Rosnay, P., Dickinson, R.E., Dai, Y., Duan, Q., Etchevers, P., Henderson-Sellers, A., Gedney, N., Gusev, Y.M., Habets, F.,

Kim, J., Kowalczyk, E., Mitchell, K., Nasonova, O.N., Noilhan, J., Pitman, A.J., Schaake, J., Shmakin, A.B., J. Geophys. Res. 104(D12), 14189-14198. Cox, P.M., Huntingford,

C. and Harding, R.J. (1998) J. Hydrol. 213(1-4), 79-94. Daly, C., Neilson, R.P. and Phillips, D.L. (1994) J. Appl. Meteorol. 33, 140-158.Meng,X.Y.(2018) Scientific

Reports.8,3639.Meng,X.Y. (2018) Teh. Vjesn.25(1):27-37.



1）Uncertainty in hydrological processes is largely due to uncertainty in 

atmospheric driving data.

2）Meteorological stations in East Asia: Scarce station, Low spatial 

representation, Data sequence discontinuity, No solar radiation.

Problems in Scientific Research in East Asia

Restricted by many objective factors:

such as economy and geology, the

distribution density of traditional

observational meteorological stations

in East Asia (such as precipitation,

temperature, humidity, wind speed,

soil temperature and soil moisture) is

relatively scarce on the whole.

We believe that: There is a lack of a

unified grid data at present, this data

can assimilate more data sources

using meteorological observe data or

others (such as satellites or radars).

CMADS solves the above problems,

Most importantly, we're going to open

it up.

Meteorology station on both sides of the 
Hu line varies greatly.

Take China as an example
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1) Space covers the whole of East Asia (0 N-65 N, 60 E-160 E)

2) Time span : From 1908 to 2018 at Daily scale；(Annual update)

3) Providing elements : Average \ maximum \ minimum 2m temperature, 24-hour precipitation, Solar radiation, Atmospheric pressure, Humidity, 

Wind speed , Soil temperature and moisture.

Development Process of CMADS-GRID



Post processing of the CMADS-GRID

Data recalculation, resampling, 
reassignment, topographic 

information extractionCMADS-GRID

CMADS v1.3

CMADSv1.1

CMADSv1.0

CMADS

Re-analysis of Big Data

CMADSv1.2

Daily cumulative 
analysis

Re-analysis of 
Relative 

Humidity and 
Specific 

Humidity

Rested 
assignment

bilinear 
interpolation

Topographic 
Information 
Extraction



Post processing of the CMADS-GRID
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Evaluation of the CMADS
Meng, X.; Wang, H.; Shi, C.; Wu, Y.; Ji, X.(2018).Establishment and

Evaluation of the China Meteorological Assimilation Driving Datasets for the

SWAT Model (CMADS).Water,10,1555.



Meng,X.Y.,Wang, H., et al. Investigating spatiotemporal changes of the land-surface processes

in Xinjiang using high-resolution CLM3.5 and CLDAS: Soil temperature. Scientific Reports. 7,
13286. doi:10.1038/s41598-017-10665-8. (2017a).



CMADS Special journal



Meng, X., Wang, H. Significance of the China Meteorological Assimilation

Driving Datasets for the SWAT Model (CMADS) of East Asia.Water. 9,

(10),765. doi:10.3390/w9100765. (2017b).



CMADS Peer Review Papers
Zhao, F.; Wu, Y.; Qiu, L.; Sun, Y.; Sun, L.; Li, Q.; Niu, J.; Wang, 

G. Parameter Uncertainty Analysis of the SWAT Model in a 

Mountain-Loess Transitional Watershed on the Chinese Loess 

Plateau. Water 2018, 10, 690.



Cao, Y.; Zhang, J.; Yang, M.; Lei, X.; Guo, B.; Yang, L.; Zeng, Z.; Qu, J. Application of

SWAT Model with CMADS Data to Estimate Hydrological Elements and Parameter

Uncertainty Based on SUFI-2 Algorithm in the Lijiang River Basin,

China. Water 2018, 10, 742.

CMADS Peer Review Papers



Vu, T.T.; Li, L.; Jun, K.S. Evaluation of Multi-Satellite Precipitation Products

for Streamflow Simulations: A Case Study for the Han River Basin in the

Korean Peninsula, East Asia. Water 2018, 10, 642.

CMADS Peer Review Papers



Liu, J.; Shanguan, D.; Liu, S.; Ding, Y. Evaluation and Hydrological Simulation of

CMADS and CFSR Reanalysis Datasets in the Qinghai-Tibet Plateau. Water 2018, 10,

513.

CMADS Peer Review Papers



Tian, Y.; Zhang, K.; Xu, Y.-P.; Gao, X.; Wang, J. Evaluation of Potential

Evapotranspiration Based on CMADS Reanalysis Dataset over

China. Water 2018, 10, 1126.

CMADS Peer Review Papers



Zhou, S.; Wang, Y.; Chang, J.; Guo, A.; Li, Z. Investigating the Dynamic Influence of 

Hydrological Model Parameters on Runoff Simulation Using Sequential Uncertainty 

Fitting-2-Based Multilevel-Factorial-Analysis Method. Water 2018, 10, 1177.
CMADS Peer Review Papers



Shao, G.; Guan, Y.; Zhang, D.; Yu, B.; Zhu, J. The Impacts of 

Climate Variability and Land Use Change on Streamflow in the 

Hailiutu River Basin. Water 2018, 10, 814.
CMADS Peer Review Papers



Gao, X.; Zhu, Q.; Yang, Z.; Wang, H. Evaluation and Hydrological 

Application of CMADS against TRMM 3B42V7, PERSIANN-CDR, 

NCEP-CFSR, and Gauge-Based Datasets in Xiang River Basin of 

China. Water2018, 10, 1225.

CMADS Peer Review Papers



CMADS Peer Review Papers
Qin, G.; Liu, J.; Wang, T.; Xu, S.; Su, G. An Integrated Methodology to Analyze the

Total Nitrogen Accumulation in a Drinking Water Reservoir Based on the SWAT Model

Driven by CMADS: A Case Study of the Biliuhe Reservoir in Northeast

China. Water 2018, 10, 1535.



CMADS Peer Review Papers
Guo, B.; Zhang, J.; Xu, T.; Croke, B.; Jakeman, A.; Song, Y.; Yang, Q.; Lei, X.; Liao, W.

Applicability Assessment and Uncertainty Analysis of Multi-Precipitation Datasets for

the Simulation of Hydrologic Models. Water 2018, 10, 1611.



CMADS Peer Review Papers
Dong, N.; Yang, M.; Meng, X.; Liu, X.; Wang, Z.; Wang, H.; Yang, C. CMADS-Driven

Simulation and Analysis of Reservoir Impacts on the Streamflow with a Simple

Statistical Approach. Water 2019, 11, 178.



CMADS Peer Review Papers
Dong, N.; Yang, M.; Meng, X.; Liu, X.; Wang, Z.; Wang, H.; Yang, C. CMADS-Driven

Simulation and Analysis of Reservoir Impacts on the Streamflow with a Simple

Statistical Approach. Water 2019, 11, 178.



CMADS Peer Review Papers
Yuan, Z.; Xu, J.; Meng, X.; Wang, Y.; Yan, B.; Hong, X. Impact of Climate Variability

on Blue and Green Water Flows in the Erhai Lake Basin of Southwest

China. Water 2019, 11, 424.



CMADS Peer Review Papers
Yuan, Z.; Xu, J.; Meng, X.; Wang, Y.; Yan, B.; Hong, X. Impact of Climate Variability

on Blue and Green Water Flows in the Erhai Lake Basin of Southwest

China. Water 2019, 11, 424.



CMADS Peer Review Papers
Zhao, X.; Xu, S.; Liu, T.; Qiu, P.; Qin, G. Moisture Distribution in Sloping Black Soil

Farmland during the Freeze–Thaw Period in Northeastern China. Water 2019, 11, 536.



CMADS Peer Review Papers
Liu, X.; Yang, M.; Meng, X.; Wen, F.; Sun, G. Assessing the Impact of Reservoir Parameters on 
Runoff in the Yalong River Basin using the SWAT Model. Water 2019, 11, 643.



CMADS Peer Review Papers
Zhang, L.; Meng, X.; Wang, H.; Yang, M. Simulated Runoff and Sediment Yield Responses to 
Land-Use Change Using the SWAT Model in Northeast China. Water 2019, 11, 915.
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CMADS will also release at least
three variables (soil moisture,
snow fall and CMADS-WRF)
corresponding to three versions
(CMADSV1.0-V1.3).

Download: more than 2000 times
Visit: 83,525 times





User distribution of the CMADS

Meng,X.Y.; Wang, H.; Chen, J. Profound Impacts of the China Meteorological

Assimilation Datasets for the SWAT model (CMADS). Water, 11, 832. (2019).



CMADS User in China

100

160

220

280

340

400

460



Research hotspot areas of East Asia employing CMADS

Meng,X.Y.; Wang, H.; Chen, J. Profound Impacts of the China Meteorological

Assimilation Datasets for the SWAT model (CMADS). Water, 11, 832. (2019).



Research hotspot areas of East Asia employing CMADS



Hotspot application directions of CMADS

Meng,X.Y.; Wang, H.; Chen, J. Profound Impacts of the China Meteorological

Assimilation Datasets for the SWAT model (CMADS). Water, 11, 832. (2019).



Prof. Wang Hao :
The CMADS has been included in

the second contamination censuses,
national water resources assessment
and other countries.

The application of CMADS will play
a certain role in promoting
environmental protection over East
Asia. We expect researchers around
the world to make good use of CMADS.

Prof. Xianyong Meng:
The application of CMADS datasets

in East Asia will be effective improve
the credibility of the data, the accuracy
of the data sources will greatly reduce
the security risks implemented by
downstream programmes, such as
pollution censuses, Evaluation of water
resources.

Our public release of the CMADS will
also benefit more researchers.





Research Background and Scientific Problems

Establishment Method and Data Introduction

Validation and Application of the CMADS over East Asia

Worldwide influence of the CMADS

Next plan
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Next plan of the CMADS 

1) Expand CMADS Time Span ：Extended from 2008-2016 to 1980-2018;

2) Develop CMADS-Soil Moisture （CMADS-SM）: Soil temperature (10 layers, Daily

scale) (First Layer: 0.00710063521m, Second Layer: 0.0279249996m, Third Layer:

0.0622585751m, Layer Fourth: 0.118865065m, Layer Fifth : 0.2121934m, Sixth

floor:0.3660658m, Seventh floor:0.619758487m, Eighth floor:1.03802705m, Nineth

Floor: 1.72763526m, Tenth floor : 2.8646071m);

3) Develop CMADS-Snow Fall (CMADS-SF);

4) Develop real-time forecast data of CMADS (CMADS-WRF);

5) Continue to release higher resolution CMADS products.



Welcome to download for free 
of the CMADS

http://www.cmads.org
https://swat.tamu.edu/



Welcome to join in CMADS 
Official QQ Group-Scaning!



Thanks
Email:  xymeng@cau.edu.cn & xymeng@hku.hk 

Please do not hesitate contact me if there are any questions on CMADS.


